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Expectancy-based localized attention has been shown to promote the formation and retrie-
val of multisensory memories in adults. Three experiments show that these processes also
characterize attention and learning in 16- to 18-month old infants and, moreover, that
these processes may play a critical role in supporting early object name learning. The three
experiments show that infants learn names for objects when those objects have predict-
able rather than varied locations, that infants who anticipate the location of named objects
better learn those object names, and that infants integrate experiences that are separated
in time but share a common location. Taken together, these results suggest that localized
attention, cued attention, and spatial indexing are an inter-related set of processes in
young children that aid in the early building of coherent object representations. The rele-
vance of the experimental results and spatial attention for everyday word learning are

discussed.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The tie between a name and the thing named tran-
scends time and space: A particular object that is a ball
when on the table will still be a ball when seen later on
the floor. Given this, one might predict that the best way
to teach children names for things would be to expose
them to events in which the referent was named in varying
locations. However, core properties of memory and atten-
tion use the location of objects: (1) to bind elements into
unified representations (e.g., Treisman, 1986; Treisman &
Gelade, 1980); (2) to guide and localize attention (Eriksen
& Rohrbaugh, 1970; Posner, Snyder, & Davidson, 1980);
and (3) to index memories (Richardson & Spivey, 2000).
If these core processes play a critical role in word learning,
then naming a novel object at a consistent location - rather
than at varying ones - should promote the learning of that
object name. Three experiments were designed to test a
“spatial consistency” hypothesis in 16- to 18-month old in-
fants: the spatial predictability of an object’s location fos-
ters the learning of an object’s name and in so doing,
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fosters the spatial and temporal transcendence of the bond
between the name and the thing.

1.1. Space, attention, and memory for objects

Posner (1980) characterized attention as a spatial spot-
light that enhanced processing at a location. Treisman
(1986, 1988) demonstrated that localized visual attention
was central to binding visual features into a unified object
representation. Although contemporary discussions have
refined these ideas (and the role of objects in defining loca-
tions), the spatial nature of attention and its role in detect-
ing, discriminating, and representing objects is well
documented (e.g., Driver, 2001; Greenberg & Gmeindl,
2008; Scholl, 2001; Wright & Ward, 2008). Additional find-
ings indicate the benefit of directing attention to a location
via a top-down cue that generates an expectation as to
where a relevant object will appear (see Gilbert & Sigman,
2007, for review). The result is this: an arrow that points to
a location leads to faster reaction time to detect the visual
target at that location in comparison to when the target’s
location is uncued or invalid. However, a salient flicker of
light near the target location - a cue that presumably
draws attention to the location through low level and
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involuntary processes — does not lead to more rapid detec-
tion of the target (Gilbert & Sigman, 2007; Kerzel, Zarian, &
Souto, 2009). The arrow is typically characterized as an
“endogenous” cue that drives attention by expectancies,
whereas the flicker is characterized as an “exogenous” or
stimulus-driven cue (see Jonides, 1981; Posner, 1980).
Such expectancy-based attention has been shown to result
in enhanced discrimination as well as detection (Fischer &
Whitney, 2009; Lange & Réder, 2006).

If the world presents consistent cues and if people are
good at learning them, then the top-down cueing of
attention to a location may play an important role in many
cognitive tasks. Consistent with this idea, the evidence
suggests that adults automatically encode the spatial loca-
tion of visual events and do so with precision (e.g., Hasher
& Zacks, 1979; Hommel, 2002; Nissen, 1985). Adults also
appear to automatically learn predictive relations between
irrelevant scene elements and the location of task relevant
information and then use those background cues to more
rapidly find target information in a cluttered array (Brock-
mole & Henderson, 2006; Chun & Jiang, 1998; Holling-
worth, 2009). Finally, other work shows that learned cues
that spatially direct attention are not just critical to the
visual processing of objects but also in forming multimodal
memories; more specifically, expectancy-based attention
to a location has been shown to support the binding of
sensory elements from different modalities, such as a sight
and a sound (e.g., Fiebelkorn, Foxe, & Molholm, 2010;
Talsma, Senkowski, Soto-Faraco, & Woldorff, 2010).

These findings implicate memories for the locations of
attentionally-relevant events, and not just memories for
the events themselves. Consistent with the more specific
proposal of “spatially-indexed” memories are findings
from studies in which adults were presented with an array
of spatially organized information to study for later testing
(Richardson & Kirkham, 2004; Richardson & Spivey, 2000).
At test, while looking only at a blank screen, participants
were asked questions about the previously presented
information. The central finding is that when asked about
specific information, adults consistently looked to the loca-
tion where that information had been even though there
was no longer any information there, a finding that is
sometimes referred to as the “looking at nothing effect”
(Richardson & Spivey, 2000). Although there are several ac-
counts of this phenomenon that differ in their details
(Ferreira, Apel, & Henderson, 2008; Richardson, Altmann,
Spivey, & Hoover, 2009) all agree that there is a link be-
tween spatially directed eye-movements and memories
for visual events. Critically, as Ferreira et al. (2008) point
out, this “looking at nothing” phenomena also involves
words as the cues that shift eye-gaze to the remembered
locations, indicating that words that activate memories of
objects also activate the recent location of those objects,
a key idea for the present experiments. Fereirra et al. sug-
gest that this word-localized attention effect reflects the
fundamental nature of online word comprehension: words
automatically direct looking to the location (or remem-
bered location) of a mentioned object (see also, Altmann,
2004; Knoeferle & Crocker, 2007). In their review of this lit-
erature, Fereirra et al. conclude that attended objects and
the locations of those objects form integrated memories,

such that the whole memory may be activated by any
part—by the visual information, by linguistic input, and
potentially by the direction of eye gaze itself.

In sum, there appears to be a spatial attention and
memory system in which (1) localized visual attention fos-
ters the binding of co-occurring events into a unified repre-
sentation; (2) expectancy-based attention to a location
supports deeper processing and the binding of multisen-
sory events; (3) the locations of objects are parts of object
memories; and (4) words that activate these object mem-
ories also activate location memories.

1.2. Developmental findings

There is limited direct evidence on these processes in
infants and children but the evidence that does exist sug-
gests that spatially localized attention plays a similar role
to that observed in adults by late infancy. Quite young in-
fants (3-4 months of age) register location information and
use it to organize attention to objects, making anticipatory
eye movements to the location at which an object will
appear (Canfield & Haith, 1991; Haith, Hazan, & Goodman,
1988; Johnson, Posner, & Rothbart, 1991; Johnson &
Tucker, 1996). The beneficial effects of expectancy-based
cues in forming multi-sensory memories has been demon-
strated in 8 month olds: specifically, infants were found to
bind co-occurring sights and sounds only when the loca-
tion of the multisensory event was cued by an expec-
tancy-based signal but not when it was cued by salience
(Wu & Kirkham, 2010). At 6 months, infants show the
“looking at nothing” effect in simple object memory tasks
(Richardson & Kirkham, 2004) and preschoolers, who can
be tested in the same tasks as adults, show clear and
adult-like spatial indexing of object memories (Martarelli
& Mast, 2011). Also consistent with the idea of spatially
indexed memories, one recent study found that
12-month-olds better understood adult talk about a not-
present object when the referred-to object had been previ-
ously experienced in a constant and predictable spatial
location rather than variable locations (Osina, Saylor, &
Ganea, 2012). Finally, in a related study, spatial predict-
ability has been shown to facilitate 16-month-olds’ linking
of a name to an absent but previously experienced
object (Samuelson, Smith, Perry, & Spencer, 2011). In
sum, it seems likely that for infants and young children,
as for adults, spatially localized attention supports forming
and retrieving integrated and multisensory object memo-
ries. If this is so, then spatially localized attention might
be expected to be a critical part of the mechanisms that
support early object name learning: object names might
be better learned when the referents are named at con-
stant rather than varied locations.

1.3. Object name learning from the perspective of spatial
attention and memory

For young children object name learning begins as a
kind of on-line word comprehension task: That is, children
learn their first words by hearing object names in the con-
text of a scene with potential referents located within that
scene. A large literature suggests that social (Baldwin,
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1993) and linguistic cues (see Smith, Colunga, & Yoshida,
2010, for a review) play a key role in organizing visual
attention to the intended referent and, moreover, that
attention directed by such meaningful cues may be essen-
tial to the mapping of a name to an object (Waxman & Gel-
man, 2009). These facts are not usually thought of in terms
of a role for localized spatial attention or expectancy-based
attention in binding names to things (but see Smith et al.,
2010; Wu & Kirkham, 2010). However, processes of spatial
attention and memory as revealed in the adult literature
could provide the mechanistic underpinning for these
and other attention-related phenomena in early object
name learning.

For example, object naming as typically experienced by
young children contains many potential cues to support
expectancy-based spatially-directed attention. Meaningful
cueing events (points, looks, the object name, other words)
generate attentional expectations that localize attention to
specific objects in the scene, and in so doing may set up
internal processes critical to binding the visual elements
of the objects to each other and to the object name. Part-
ners in a conversation (Clark & Wilkes-Gibbs, 1986; Hutch-
ins, 1995) and perhaps also parents interacting with
toddlers (Samuelson et al., 2011) often set up a spatial
frame in which multiple referents are stably located with
respect to one another. Establishing a spatially organized
common ground, along with social cues that localize the
referent, may matter to early object name learning because
such spatial consistency supports location-based cognitive
processes. These are the larger ideas that motivate the
present study. However, the critical first question, one that
has not been experimentally tested, is whether spatial con-
sistency matters at all for the learning of object names by
young children.

1.4. The hypotheses

Fig. 1 illustrates a collective set of hypotheses about
how spatial consistency matters to object name learning:
(1) when an object is attended to, its location relative to
the perceiver is stored with the object and when an object
is named, the name is associated with both the spatial
direction of attention and the object. (2) Over repeated
naming events within a conversational context, these lead
to integrated memories such that the name cues a direc-
tion of attention and the expectation of the specific refer-
ent; the direction of attention itself may also serve as a

cue for the memory of the object and the name. These
expectancy-driven and localized attentional processes also
lead to deeper processing of the object, the binding of its
individual elements, and the multisensory binding of the
name to the object. (3) In the end, this mutually reinforcing
system builds a strong link between a name and an object
that transcends the local context and thus is recoverable
even when the object and name are presented in a new
location. If these ideas are generally correct, then spatial
predictability should support object name learning by
young children.

The experiments that follow test this prediction and
also other elements of the set of hypotheses illustrated in
Fig. 1. To these ends, the experiments do not examine ob-
ject name learning in a naturalistic context but rather in
an experimental task created so that spatial consistency
could be manipulated and expectations about where ob-
jects were located could be measured. Experiment 1 was
designed to test the main hypothesis about spatial consis-
tency: if spatial attention matters for object name learning,
then naming individual objects at distinct and predictable
locations rather than at varied locations should support the
binding of the name to the object, and thus the formation
of an object-name bond that ultimately is not tied to a
single location. Experiment 2 was designed to examine
the role of the object name as a cue to location. If expec-
tancy-based attention - and not just salience-driven,
exogenous attention - supports the binding of a name to
a thing, then, within individual infants, the degree to which
the name on its own generates an expectation about a
location during the learning phase should be a strong pre-
dictor of whether the object name was learned when
tested at a new location. Experiment 3 tests the idea of
location as a memorial index through which new informa-
tion is combined with information in memory: If the direc-
tion of spatial attention serves as a memory index that can
connect current to previous experiences so as to build
strong memory representations that integrate information
over multiple experiences, then objects and names that are
presented with attention directed to the same location -
but at different times - should nonetheless be integrated
into a single memory representation.

2. Experiment 1

Experiment 1 tests the hypothesis that spatial consis-
tency across multiple naming events for a single object
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Fig. 1. Hypothesis about how predictable locations may aid object name learning: an object-naming event involves the association of both the object
features and a direction of attention with that name. After several repetitions of a name with an object at a specific location, the label may cue a direction of
attention and enhance object processing, and the direction of attention may also cue the name and object features. Over time, these memories become

integrated, and the result is a name being bound to an object.
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supports the binding of the name to that thing by compar-
ing two training conditions: In the Constant-Location con-
dition three unique objects are repeatedly named - each
with its own unique name and each at its own unique
and distinct location. In the Varied-Location condition,
the three objects are repeatedly named with their own
individual names but at varied and overlapping locations.
The experimental task was designed to be engaging to
young children, to naturally orient attention to objects at
specific locations through a highly salient and attention-
grabbing event, and to allow for the association of object
names to objects at constant or varied locations. For these
purposes, we constructed the pop-up box shown in Fig. 2a.
When activated by a lever, an object rapidly popped up at
one of three locations. The event consisted of a popping
sound and the rapid visual appearance of the object, both
strong exogenous cues that naturally attract attention. In
both the Constant- and Varied-Location conditions, infants
were presented - via the pop-up box - with three unique
objects, each with its own unique name. Each exposure
to an object and its name consisted of three critical compo-
nents: (1) the pre-pop-up name cue that an object was
about to appear, which was the unique name of the object
and thus - given some repetitions - could lead in both con-
ditions to expectations about what should appear; (2) the
salient pop-up event which should attract attention to the
specific location and object; and (3) the naming event dur-
ing which the object was pointed to and explicitly named
by the experimenter. If all that matters to infants’ learning
an object name is the clear and explicit indication of the in-
tended referent for that name and if the history of locations
of the naming events do not matter, then infants in both
conditions should perform comparably in learning the
object names since the two conditions do not differ in
the experimenter’s explicit naming of the objects. The
Constant- and Varied-Location conditions differ only in
whether each unique object is presented and named at a
constant location or a varied location across trials. When
objects are presented at a constant location across trials,
the name - said prior to the pop-up - cues not only the
object that is about to appear but also its location. Thus,
the two conditions differ only in the spatial predictability
of the named object, in the possibility of expectancy-based
spatial cueing, and in common spatial indexing of the
repeated naming events for each individual object.

After the training of objects and their names via the
pop-up box, the objects were removed from the pop-up
box, presented in a novel spatial arrangement and location,
and infants’ knowledge of the object names was tested.

(@)

Experiment 1 thus directly tested the hypothesis that spa-
tial predictability supports the formation of a bond be-
tween the name and the object, a bond that can become
sufficiently robust so as to be independent of location.
The objects used in the experiment, as shown in Fig. 2b,
were highly similar to each other in surface properties and
colors. Infants’ ability to attach such similar objects to un-
ique names provides a measure of the degree to which in-
fants were binding object features together to form robust
representations of the individual objects. We assessed this
by two kinds of test trials: Easy and Hard. On Easy test tri-
als (Fig. 2¢), when the infant was asked to indicate a named
object, the infant only had to distinguish the target from
two very different objects (which were never popped up
during the learning phase). A right answer on these trials
does not require a highly specific memory for the specific
object features that were tied to a specific name. On the
Hard test trials, the infant was asked to indicate the named
target with the foils being the other two highly similar ob-
jects that had been associated with other names during the
pop-up trials (Fig. 2b). Success on these trials required
finer grained associations of object properties and the
binding of these specific properties to specific names.

2.1. Method

2.1.1. Participants

Thirty-two infants (half female) ranging from
16.2 months of age to 18.2 months of age (M=174,
SD = 0.59) participated. All infants were recruited from a
working and middle-class population in Bloomington, Indi-
ana, and received a toy for participating in the experiment.
Three infants were recruited but did not complete the task.
Infants were randomly assigned to two training condi-
tions: Constant- and Varied-Location.

2.1.2. Stimuli

The training stimuli consisted of three novel pseudo-
words, riff, dax, zup and three novel, hand-made objects
(Fig. 2b). The objects were unique in overall shape and
texture, but were each composed of many colors and
component shape features that overlapped. Two additional
objects that shared none of these features were also used
on the Easy test trials (Fig. 2c). The objects measured
approximately 7.6 x5 x 10.2cm in size, had Velcro
patches on the bottom, and could be fit into and attached
to the pop-up platforms as described below. The names
were randomly assigned to the three training objects.
Finally, three familiar objects - a spoon, a cup, and a flower

(b)‘: ® t

“= @

Fig. 2. Pop up box (a) and the popped up objects (b) used in the experiments. The Hard test trials (b) consisted of choices among the three popped-up
objects. The Easy test trials (c) consisted of the popped-up target and two novel objects not used in the training phase.
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- were used for familiarization with the testing procedure
(but were not used during the pop-up training).

2.1.3. Apparatus

A pop-up box was used to present the objects during
training (Fig. 2a). This was a rectangular, hollow, wooden
box (99.4 x 17 x 13.5 cm) that contained three openings
(22 cm. apart) from which the objects popped up. Three
springs were built inside the box and contained platforms
where the objects could be attached with Velcro. There
were three levers that controlled the pop-up of each
location. When a lever was pushed, the lid of the respective
location popped open and the platform on which the
object was attached sprung up to reveal the object to
the infant. After a trial, the lid was pushed down to hide
the object again.

The three levers that controlled the pop-ups were
located on the back of the box (which always faced the
experimenter), with all three levers close together and just
slightly to the right of center; in this way, the experi-
menter’s hand movements could provide no reliable spa-
tial cue as to the pop-up location. In addition, there were
two openings on the back of the box (facing the experi-
menter) through which the experimenter could, unseen
by the infant, move objects from one platform to another
between trials. For both the Constant- and Varied-Location
conditions, all objects were taken off their platforms
between trials and replaced either to the same location
(in the Constant-Location condition) or to a different loca-
tion (in the Varied-Location condition).

2.1.4. Procedure and design

There were two pop-up training conditions, between
subjects, that were identical with the exception as to
whether the location of an object was the same each time
it was presented or whether it varied. We first describe the
procedure for the Constant-Location condition and then
the differences that characterize the Varied-Location
condition.

Prior to the pop-up task, the infant was given the three
training objects and the two additional testing foils to
manually and visually explore for approximately 2 min or
until interest in those objects waned (this was done to lim-
it attempts by the infant to reach to the objects during the
series of pop-up trials and to familiarize infants with the
novel foils). After familiarization with the objects,
the pop-up box was placed on a table 68.5 cm in front of
the infant. The infant sat on the parent’s lap. Parents wore
ear buds and were instructed to keep their eyes closed
throughout the entire experiment so as not to interfere
with the infant’s behavior. Trials were presented in blocks
of 3, such that each of the three unique objects was pre-
sented once and named at its location once before any
object was repeated. Each trial, a single pop-up event,
consisted of (1) the pre-pop-up name cue; (2) the salient
pop-up event and (3) the explicit naming event. The pre-
pop-up name cue event began with the experimenter say-
ing, “Look! It’s a riff.” While speaking and during the whole
pre-pop-up name cue phase of a trial, the experimenter
looked directly into the subject’s eyes and not at any
pop-up location. After saying the name, the experimenter

waited approximately 1 s., and then popped up the named
object. After the pop-up, the experimenter explicitly
named the popped-up object, saying, “Look at the riff. See
the riff’” while looking at the object, at the infant, and back
to the object, providing the social cues typical of an explicit
naming event. The experimenter then pushed the object
back into the box and proceeded to the next trial. The
experimenter exposed infants to all three objects in this
way for each block of three trials (one pop-up for each un-
ique object). After every such block of three pop-ups, the
experimenter handed the infant one of three familiar ob-
jects to examine (cup, flower, or spoon) so as to occupy
their attention while the experimenter, from the back of
the pop-up box (and thus not viewable by the infant) re-
moved and, in the Constant-Location condition, re-attached
the objects in the same locations - an activity that took
1-2's. When this was accomplished, the experimenter
requested the familiar object back from the infant, and
then the next block of three pop-ups was presented. This
procedure was repeated for six blocks of three trials each,
creating a total of 18 pop-ups - six cueing events, six
pop-ups and six explicit naming events for each object.
The order of popped-up location (and thus the named
object) within a trial was varied (by Latin Square) across
trials. The 18 pop-up trials were immediately followed by
the testing trials.

The procedure in the Varied-Location condition was
identical to the Constant-Location condition except for
the locations of the objects, which were changed between
each block. By the end of the 18 trials, each object in the
Varied-Location condition had been presented twice at
each location. The order of popped-up location was varied
(by Latin Square) across trials and the orders of pop-up
locations within and across trials was matched - partici-
pant by participant - to those in the Constant-Location
condition. Each unique object - both in the Constant-
and Varied-Location conditions - was always cued with
the same name and the popped up object was always
explicitly named with the same unique name for each indi-
vidual infant. For testing, the pop-up box was removed
from the table and out of infants’ sight.

2.1.5. Warm up trials

There were two warm-up trials with the familiar warm-
up objects (flower, spoon, and cup) before testing with the
trained objects. For these warm-up trials, the three known
objects were presented in a shallow triangle-shaped array
on a tray at the infant’s mid point such that each object
was 15.2 cm from the other two objects and all objects
were roughly 12 cm from the midpoint of the infant’s chest
when the tray was pushed forward for the infant to re-
spond. The test trial began with the tray close to the exper-
imenter and away from the infant; with the tray so located,
the experimenter looked directly into the infant’s eyes and
not at the objects and asked for one object by name, for
example, “Where is the flower? Get the flower.” Then the
tray was moved forward on the table so that all objects
were within the infant’s reach. If the infant did not imme-
diately select the named object on these warm-up trials,
the infant was coached into doing so. There were two such
warm up trials, each requesting a different object.
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2.1.6. Testing trials

The testing trials were similarly structured to the warm
up trials, except that there was no coaching. In addition, no
feedback was given and the experimenter simply said
“Thank you,” when the infant indicated or handed a toy
over. There were two kinds of test trials, Easy and Hard.
On the Easy test trials, the named target was presented
with two very different foils that had not been used during
the pop-up trials. On the Hard test trials, the named target
was presented with the two other training exemplars as
distractors; these test trials should be difficult if infants
have trouble binding the complex features of the objects
into unified representations. The spatial locations of the
objects were randomly determined on each test trial and
were not aligned in any way with their experienced spatial
locations within the pop-up box. All three trained objects
were tested twice in each of these two formats (yielding
a total of six Easy and six Hard test trials). Test trials were
randomly ordered with two constraints: Hard and Easy
test trials alternated and the named target could not be
the same on two successive test trials. The entire experi-
ment lasted approximately 20 min.

The entire session was video-recorded. Choices during
test were coded as correct or incorrect. Looking behavior
during training was coded using MacShapa (Sanderson
et al.,, 1994) and consisted of: (1) looking anticipations -
that is, latencies to look to the popped up object measured
from the pre-pop-up naming cue to the pop-up; (2) looking
latencies — measured from the moment of pop-up to the
first look to the popped-up object, and (3) looking duration
to the popped up object during the explicit naming event,
specifically, the total duration of looking at the popped-up
object from pop-up to being pushed down out of view. One
coder coded all data and then a second coder coded a ran-
domly selected six participants. Agreement for first look to
a location given the pre-pop-up name cue was .96 and for
choice on test trials was .98. For the latency and duration
measures, agreement was assessed by examining the tim-
ing differences between the two coders. More specifically,
latencies and durations within 500 ms of each other were
said to be in agreement. Agreement for looking latencies
was 1.0 and for looking duration was .86. The correlation
between the two coders’ judged latency was r=0.85
(p <0.001) and between the two coders’ judged durations
was r=0.98 (p <0.001).

2.2. Results and discussion

A key prediction from the hypothesis set in Fig. 1 about
the spatial nature of core memorial, attentional and cogni-
tive processes is that spatial consistency should support
learning. Thus, the central empirical question is whether
infants learned the object-name mappings better in the
Constant- than in the Varied-Location condition. Fig. 3
shows the main result: consistent with the prediction,
infants showed better knowledge of the object-name
mappings in the Constant- (M = 0.70, SD = 0.16) than Var-
ied-Location (M = 0.50, SD = 0.12) condition. They showed
this better knowledge even though tests of name compre-
hension were conducted in a new location and without spa-
tial cues. The Easy trials (M = 0.65, SD = 0.09) were easier for

119 O Constant
0.9 1 B Varied
0.8 4 *

0.7 1 * —1
0.6

— == chance

Proportion Correct
(=]
[5,]

Easy test Hard test

Test * p<0.001, relative to chance

Fig. 3. Mean proportion correct (and standard error of the mean) for Easy
and Hard test trials for the Constant- and Varied-Location conditions in
Experiment 1. Asterisks denote significant differences (p <0.001) from
chance (dashed line).

all infants than the Hard trials (M = 0.54, SD = 0.16), but
infants in the Constant-Location condition out-performed
infants in the Varied-Location condition on both Easy and
Hard test trials, suggesting that predictable locations for
the named objects during learning benefited both the learn-
ing of object properties and the binding of object names to
individual objects. A (2) Condition by (2) Test-type ANOVA
for a mixed design yielded main effects of Condition,
F(1,30) = 15.38, p<.0001, and Test, F(1,30)=6.2, p <.05;
the interaction did not approach significance. Learning was
significantly above chance for both the Hard and Easy trials
for infants in the Constant-location condition, t(15)=5.91
and t(15) = 3.33, respectively, p < 0.001, but above chance
only on the Easy trials for infants in the Varied-Location
condition, t(15) = 5.00, p < 0.001.

Overall these results support the general idea - as out-
lined in Fig. 1 - that core cognitive processes that use
object location are relevant to the processes through which
infants map names to things. Since the location is actually
irrelevant to the meaning of most common nouns - a chair
is a chair regardless of where it is - one might have ex-
pected that spatial consistency would be irrelevant to
young children’s learning of the name. Moreover, since in-
fants were tested for their knowledge of object names in a
new location, one might have predicted that learning expe-
riences with varied locations would highlight the relevant
link between an object and a name while learning experi-
ences with consistent locations—where the location as well
as the particular object, was associated with the name—
would not. However, this was not the case. Instead, and
consistent with the proposals about the fundamentally
spatial nature of memory and attention summarized in
Fig. 1, spatial consistency across naming events support
learning and the formation of a robust link between a
name and a thing that is independent of location.

In order to better understand the role of spatial consis-
tency and variability within the task, we also examined in-
fants’ looking behavior during the pop-up phase. In the
Constant-Location condition, the object name said before
the pop-up, not only predicts what will appear, but also pre-
dicts the location of the next pop-up; that is, if the infant
stores the location with the name, infants in this condition
could anticipate that location at which the pop-up will
occur. The pre-pop-up name cue in the Varied-Location
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condition only predicts what will appear, and provides no
information as to the location of the next pop-up. To mea-
sure infants’ learning and use of the pre-pop-up name as a
cue for where to look, we measured (1) anticipations of the
pop-up location defined as the first look to a location that
began after the name but prior to the pop-up, and (2) laten-
cies to look defined as the time between pop-up and an ini-
tiated look. Participants’ looking behavior showed no
evidence of anticipating the location of the next pop-up in
the Constant-Location condition. Infants in both conditions
almost never looked to the location (or any location) after
the pre-pop-up name cue but prior to pop-up. Instead, they
turned their eyes to the popped-up location only after the
abrupt visual appearance and associated popping sound. A
turned head and/or shift in eye gaze are motor actions. Thus,
the lack of an anticipatory response may not be surprising in
that motor plans for spatially-directed actions are often
prepared in anticipation of a target’s appearance, but are
not put into an action until triggered by the presentation
of the stimulus target, a pattern particularly likely when
there is a near constant temporal interval between cue
and action target (e.g., Kaufman et al., 2010). Latencies of
eye movements after the onset of a stimulus, however, are
affected by pre-planning and expectation (see Van der
Stigchel, Meeter, & Theeuwes, 2006).

Fig. 4 shows the mean latencies to look to the popped-
up location for the six blocks of the training for the Con-
stant- and Varied-Location conditions. A mixed analysis
of variance for a (2) Condition by (6) Block yielded main
effects of Condition, F(1,30)=41.36, p<0.001 and Block
F(5,150)=4.49, p<0.01 and a significant interaction
between Condition and Block, F(5,150)=10.30, p < 0.001.
Infants in the Constant-Location condition had overall
much faster looking latencies (M=1654.47 ms, SD =
348 ms) than did infants in the Varied-Location condition
(M =2406.45 ms, SD =312 ms). The faster latencies in the
Constant-Location condition indicate that infants learned
the association between the name and location and used
that information to prepare attention to the location at
which the object would appear (for previous studies that
use faster latencies as evidence for learning in infants see
Johnson, Amso, & Slemmer, 2003; Kirkham, Slemmer,
Richardson & Johnson, 2007).
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Fig. 4. Mean latencies to look at the popped up object (and standard error
of the mean) for blocks 1-6 for the Constant- and Varied-Location
conditions in Experiment 1. Asterisks denote significant differences
between the two conditions (Bonferroni post hoc tests, p < 0.001).

As is apparent in Fig. 4, group differences in latencies to
look emerged at the first repetition of each object’s location
(that is, in Block 2). Post-hoc Bonferroni pairwise compar-
isons indicate significant differences between the two
groups for Block 2, t(30) = 7.58, p < 0.001, but not for Block
1, t(30)=0.55, p>0.1. Infants in the Constant-Location
condition were faster to look on the second presentation of
each object (M = 1449.5 ms, SD = 304.9 ms) than they were
on the first presentation (M =2199.81 ms, SD = 432.4 ms).
In contrast, infants in the Varied-Location condition were
faster on the first set of three trials (M=2279.15 ms,
SD =378.53 ms) than on the second set (M =2972.77 ms,
SD = 743.77 ms), suggesting interference in looking time
resulted from the changing of locations. Thus, this pattern
is consistent with both a benefit from the association of a
name with a repeated location and interference when the
location of attention varies. That is, because the order of
pop-up locations varied across trials (and because the
orders were yoked in the two conditions), the only basis
for more rapid orienting to the sound of the popped-up
object in the Constant condition, or the slower Orienting
in the Varied condition, is the association between name
and location formed on the first block of three trials. This
pattern thus provides strong evidence for the proposal that
infant memories for the object names include information
about the direction of attention when the name is heard
and that a heard name leads to the preparation of a look
to the associated direction. Moreover, infants appear to
register and store the direction of attention with the heard
name on trial one; and after just this one experience, the
association between name and location is sufficient to
influence looking behavior on the next trials. This one-trial
location learning is consistent with similarly rapid location
learning in adults (Altmann, 2004; Altmann & Kamide,
2004; Spivey & Geng, 2001).

Finally, to ensure that overall attention to the explicit
naming event was comparable for infants in the two condi-
tions, we also measured the total duration of looks to the
object during the explicit naming event, specifically from
the time period between the pop-up of the named object
and that object being pressed down into the pop-up box
and out of sight. The expectation is that duration of atten-
tion to the naming event will not differ between the two
conditions because - after the pop-up - the experimenter
engaged the infant in the same way in both conditions:
explicitly naming the object by looking to the infant, look-
ing at the object, pointing to the object, and naming the ob-
ject. A mixed analysis of variance for a (2) Condition by (6)
Block yielded only a main effect of Block, F(5,150) = 24.48,
p <0.001. Looking durations to the object during the expli-
cit naming event decreased over the course of the training
trials as the objects became more familiar for all infants,
suggesting that the naming event and the popped-up ob-
jects became less interesting over the training trials; how-
ever, there were no differences between the groups in
looking at the objects after pop-ups when the in-view ob-
jects were explicitly named in the same way in both condi-
tions. Looking durations for the first and last block for the
Constant-Location condition (first block: M = 1435.98 ms,
SD = 377.45 ms; last block: M = 736.69 ms, SD = 254.50 ms)
were similar to those from the Varied-Location condition
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(first block: M=1456.69 ms, SD =402.19 ms; last block:
M =764.75 ms, SD = 218 ms). This lack of difference is crit-
ical to the hypothesis because it implies that both groups
of infants attended to the explicit naming events and if
these naming events — not the ability to predict the direc-
tion of spatial attention during these experienced events —
were all that mattered, the infants in the two conditions
should have performed comparably in the name compre-
hension test. This, however, was not the case.

If expectancy-based attention - being able to predict the
location of the target object - supports object name learn-
ing, then one might expect, in the Constant-Location condi-
tion, a correlation across individual infants between latency
to look to the cued pop-up and object name learning. How-
ever, the results from infants in the Constant-Location con-
dition provide no support for this prediction. Correlations
for latencies to look to the cued location after the pre-pop-
up name cue and correct choices at test in the Constant-
Location condition were calculated using the latencies for
Block 1, for Block 6, for the average latencies over all trials,
and for the difference score between first and last trials;
for all measures, r < 0.14, ns. The decrease in latencies across
trials for infants in the Constant-Location condition clearly
show learning of a name-location association; by hypothe-
sis the ability to predict the location to which attention is
to be directed supports the binding of the name to the
object. It could be that this hypothesis is correct but that
latency to look is too variable within and across infants to
provide a sensitive measure of this learning that discrimi-
nates at the individual participant level. Experiment 2 was
designed to address this issue.

In sum, the results of Experiment 1 provide strong sup-
port for the hypothesis that spatial predictability fosters
the learning of object names. The evidence also suggests
that during the learning trials, infants associated names
to the predictable locations of a named object since the
latency to look decreases in the Constant-Location condi-
tion. These latency data also suggest that the learned links
between the label and location set up rapidly as the
decrease in latency was evident by the first repetition of
the cueing label and the location of the salient pop-up
event. By the hypotheses outlined in Fig. 1, there are (at
least) two not mutually exclusive pathways through which
such spatial constancy might contribute to learning: (1)
through the cued localization of attention which may itself
lead to deeper processing and thus better learning about
the attended event and (2) through the spatial indexing
of memories and thus the ability to combine information
across different encounters with an object and its name.
Experiment 2 was designed to examine the first possibility
and Experiment 3 was designed to examine the second.

3. Experiment 2

In the Constant-Location condition of Experiment 1, the
heard name prior to pop-up predicted the location of the
to-be-seen object. According to the hypothesis, after the
first pop-up and naming event for that object, the pre-
pop-up name cue activates expectations about where an
attention-relevant event will occur and by hypothesis

these expectations lead to more effective attention and
learning. In the Constant-Location condition of Experiment
1, the condition in which participants showed superior ob-
ject name learning, latency to look to the popped-up loca-
tion declined over trials, suggesting that infants learned
the predictive relation between the label and where to at-
tend and used it to deploy attention. This finding is consis-
tent with the expectancy-based cued-attention hypothesis.
However, latencies to look by individual infants were not
correlated with the learning of the object names. Experi-
ment 2 was designed to provide a perhaps more sensitive
test of infants’ expectations on hearing the name prior to
the pop-up event in the Constant-Location version of the
task. To do this, we used probe trials: on these probe trials
the experimenter said an object name, but did not trigger a
pop-up. When no object popped up at the expected time,
would the infant look to the expected location? Would
individual infants’ expectancy-based looking on these
probe trials predict their success in learning the object
names?

3.1. Method

3.1.1. Participants

Sixteen infants (half female) who had not participated
in Experiment 1 participated in this experiment. Ages ran-
ged from 16.2 months to 18.2 months with a mean age of
17.35 (8D =0.59). All participants were exposed to the
Constant-Location condition. Infants were recruited from
a working and middle-class population in Bloomington,
Indiana, and received a toy for participating in the experi-
ment. One infant was recruited but replaced because of
failure to complete the task.

3.1.2. Stimuli, design and procedures

All aspects of the experiment were identical to that of
the Constant-Location condition in Experiment 1 with
two exceptions. First, after the 18 training trials, there
were three probe trials, one for each object and each loca-
tion. On these trials, the experimenter said the object name
while looking at the infant and then waited 5s (saying
nothing but looking at the infant) before going to the next
probe trial. The first looks to a pop-up location were
measured during this period. Second, and because the
main question concerns the probe trial performance, we
reduced the number of testing trials. Specifically, immedi-
ately after the probe trials, infants were tested using six
Easy test trials as in Experiment 1. Thus the three central
dependent measures are: (1) correct or incorrect choices
during testing, (2) first look to a location after the naming
event on probe trials, and (3) looking latencies to the
popped up object during training as in Experiment 1. As
in Experiment 1, the data were coded frame by frame from
the videos by one coder and then a second coder coded a
randomly selected three participants. Agreement for look-
ing latencies (again, based on differences of 500 ms or less
just as in Experiment 1) was .80, for first looks on anticipa-
tion trials was .98, and for choice on test trials was 1.0. The
correlations between the two coders’ judged latencies was
r=0.59, p<0.001.
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3.2. Results and discussion

The key question for this experiment is whether there is
a relation, within individual participants, between looking
to locations on the probe trials and the learning of the
three object names. On the Easy test trials used in this
experiment, infants chose the named object reliably more
often than expected by chance, M=0.61 (SD=0.19),
t(15)=6.00, p <.001. For the Probe trials, the first looks
were scored as correct if they were looks to the location
associated with the name. The mean proportion of such
first looks to the correct location when hearing the name
was 0.58 (SD =0.38) which is reliably greater than 0.33,
the expected value if the first looks were equally distrib-
uted across the three locations without relation to the
associated name, t(15) = 2.70, p <.05. This result indicates
that infants were learning an association between the
name and location. As shown in Fig. 5, individual infants’
performances revealed that looking to the correct location
during the probe trials was strongly related to correct
choices during testing, r = 0.77, p < 0.01. The individual in-
fants who better anticipated the correct location on the
probe trials were the infants who also were more correct
in choosing the named object at test, a test that contained
no spatial cues as to the name-object correspondence.

As in Experiment 1, the infants showed decreased laten-
cies to look at the popped-up object across Blocks 1-6,
F(5,75)=6.19, p<0.01. Looking latencies towards the
popped-up object were shorter for the Ilast block
(M =1425.88 ms, SD =361.55 ms) than for the first block
(M =2153.88 ms, SD = 574.48 ms). Again, comparisons of
Block 1 with Block 2 (M=1425.88 ms, SD =504 ms)
showed declines in latencies at the first repetition of an
object’s location (Bonferroni post hoc test, t(15)=4.31,
p<0.01).

In sum, a learned name that is associated with attention
to an object also provides a top-down guide as to where to
look, an internal expectation of the location of the to-be-at-
tended naming event. These internal expectations about
where to look given the name predict children’s knowledge
of the object names even when tested in a new location
and spatial arrangement. This result provides support for
the hypothesis that expectations about looks that are prior
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Fig. 5. Proportion correct on probe trials and on test trials for each
participant in Experiment 2. Participants are ordered by performance on
the probe trials testing anticipations of object locations given the cue.

to the explicit naming event itself support the binding of
the name to the thing.

4. Experiment 3

Experiment 3 was designed with three goals. First, in
Experiments 1 and 2, in the Constant-Location conditions,
there is a three-way temporal co-occurrence between
name, location, and object. The hypothesis set in Fig. 1,
and the results of Experiments 1 and 2, imply that name-
location and object-location associations support the for-
mation of name-object mappings that then do not depend
on a common location. Accordingly, a first goal of Experi-
ment 3 was to provide a strong test of this claim by tempo-
rally separating these two hypothesized contributing
associations - name-to-location and object-to-location.
That is, in Experiment 3, infants were presented with
objects at locations (but no name) in the training phase,
and then with a name at a location (but no object). Can
they use separately formed object-location and name-
location associations to bind the object and name?

The second goal was to more directly examine the pro-
posal of the spatial indexing of memory. Experiments 1
and 2 provide direct evidence for spatial cueing in very
young children and for the hypothesis that cued spatial
attention supports the binding of an object name to object
representations. However, the results are also consistent
with the proposal that location information is stored with
attended objects and with the object name. If this is so,
then the direction of attention might also serve as an index
for memories, activating the object that has been experi-
enced at that location. This spatial indexing function of
location information seems potentially important to the
combining of information in a current experience with
those in memory and thus in aggregating information
across individual learning events. The purpose of Experi-
ment 3 was to test this proposition. If infants index mem-
ories within a task context by the spatial location of those
events and if they bind together multimodal events sepa-
rated in time to build strong unified representations, then
infants should be able to bind a name that is heard at one
time but indexed in memory by a particular location to an
object that is seen at another time at the same location.

The third goal of Experiment 3 was to specifically link
the present phenomena with previous findings that chil-
dren can link a remembered object to a heard name
through the spatial direction of attention (Baldwin, 1993;
Osina et al., 2012; Samuelson et al., 2011). To do this, we
borrowed the logic of the Baldwin (1993) and Samuelson
et al. (2011) design in temporally segregating the object
information and the naming information but - as they
did in their studies — providing a way to align names and
objects via the location. Experiment 3 thus also provides
a critical conceptual replication of those earlier findings
which involved social cues, objects hidden and found in
buckets, and an overall very different task context. Baldwin
interpreted her results in terms of children’s ability to
infer the referential intent of the speaker and did not
consider the role of the spatial alignment of the naming
events and experienced objects; Samuelson et al. offered
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and tested an alternative interpretation of the Baldwin
findings in terms of spatial alignment. Relating the present
findings to these earlier ones is critical to a programmatic
and mechanistic understanding of how spatial atten-
tion and memory support word learning, as the novel trig-
gered pop-up of the present task could engage distinct
mechanisms from those found in more naturalistic social
discourse.

In sum, Experiment 3 was designed to examine the nec-
essary ingredients to such spatial indexing — that memo-
ries of visual objects include the location at which they
were experienced and that a common location can be used
to bind together currently experienced information with
object memories. To this end, we repeated the Constant-
Location procedure of Experiments 1 and 2 with two criti-
cal changes. First, for the 18 training trials, no names were
provided - not as cues and not after pop-up. Thus from
these trials, infants could only learn the association
between objects and their locations. Second, after these
18 trials, the experimenter pointed to one covered location
and provided the name. Testing followed immediately. If
directed attention to the location activates the memory
of the object that had been consistently seen there, then
this single naming event with no object in view could be
enough for infants to bind the heard name to the remem-
bered object. In addition, Experiments 1 and 2 provided
hints that infants might be encoding location information
from the first trial, suggesting that perhaps repeated expo-
sure to an object at a unique location may not be necessary
for spatial indexing. Thus, a small sample of infants were
also tested in a One-Block condition in which infants were
presented with each object once at a unique location. If one
exposure is all that is necessary for infants to encode the
spatial location of objects - and if this one exposure is suf-
ficient to form a name-object link when the names and ob-
jects are separated in time, then infants should also be able
to map the name and object - through the common loca-
tion - with just one exposure to the object at that location.

4.1. Method

4.1.1. Participants

Twenty-eight infants (half female) who had not partic-
ipated in Experiment 1 or 2 participated in this experi-
ment: Eighteen in the Main Condition and 12 in the One-
Block condition. Ages for these infants ranged from
16.2 months to 18 months with a mean age of 17.42
(SD =0.58). All infants were recruited from a working and
middle-class population in Bloomington, Indiana, and re-
ceived a toy for participating in the experiment. Two in-
fants did not complete the procedure and were replaced.

4.1.2. Stimuli, design and procedure

The procedure in the Main Condition was similar to the
Constant-Location condition in Experiments 1 and 2 except
that there was no cue that predicted the next pop-up loca-
tion and there was no naming event after the pop-up of the
object. Each of the three unique objects were presented at
their own constant location on all trials and each pop-up
event was structured as follows: Prior to pop-up, the
experimenter simply said, “Look!” then waited about 1 s.,

and then popped the object up. After 18 trials (organized,
as in Experiment 1 in the Constant-Location condition, into
six blocks of three presentations in which each object was
experienced once per block at its unique location) infants
were then presented with one naming event. With no ob-
jects in view (all pressed down), the experimenter pointed
to one pop-up location and said, “Look! It’s a blicket. There
is a blicket in there.” The location (and thus target object)
was randomly chosen for each participant. Following the
training, Hard test trials as in Experiment 1 were used to
test infants’ ability to pick out the “blicket” - the specific
object associated with the named location. We did not in-
clude the Easy test trials because repeated testing on one
object in these easy trials might have taught the word to
the participants during the test trials alone. Testing trials
alternated between Hard tests trials and Filler test trials
using familiar objects (cup, flower, or spoon) for a total of
six tests (three tests for the target, three for filler items).
Choices were scored from video recordings, with 25% of
the data scored by two independent coders with 100%
agreement. The procedure in the One-Block condition
consisted of just the first block of pop-ups, each object pre-
sented — with no naming - just once at its unique location.
Infants proceeded immediately from this first block to the
one naming event as described above, and other than the
number of pop-up trials, the procedure was identical to
that in the Main condition.

4.2. Results and discussion

If infants in the Main Condition stored the object and its
properties with its repeated location of experience and if
attention to this location during a single naming event —
with the object not present - was sufficient to activate
location-indexed memories of the object, then the infants
should have been able to bind the heard name to the mem-
ory of the object and its properties and then later choose
that object from a set of similar and familiar objects when
tested with the name. The results support this prediction:
The mean proportion for correct choices of the named
object at test in the Main Condition was 0.65 (SD = 0.29)
which is significantly greater than chance (0.33),
t(17) =4.64, p <0.001. These results suggest that infants
stored and retrieved object representations by location.

The results in the One-Block condition suggest that
multiple encounters with a spatially constant object may
be necessary for young children to build object memories
that are strong enough for infants to connect an object
and name experienced at separate times through a com-
mon location; infants’ performance in this condition did
not differ from chance, (M =0.25, SD=0.35, t(11) = -0.79,
p>0.1).

The latency effects of Experiments 1 and 2 suggest that
name-location associations were formed in a single trial
and were sufficient for a name heard prior to pop-up to
lead to more rapid orientation to that pop-up. A one-trial
effect in this experiment would require that infants form
strong enough associations between a seen object and a
location in one encounter, allowing them to link the mem-
ory of that object and all its properties to a heard word
when attention was directed to that location. The results
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indicate that the association was not sufficiently strong en-
ough to allow infants to link a name and an object that was
decoupled from location and correctly respond in the new
location at test. Apparently, for infants to use location as an
index to bind a name to a thing that do not co-occur with
each other, multiple spatially consistent encounters with
objects are needed. Thus the results provide evidence for
the spatial indexing of object memories and for the use
of a spatial direction of attention for combining new infor-
mation with memories of recent experiences.

5. General discussion

Contemporary theories of early object name learning
focus on the role of knowledge in organizing how children
map names to things: knowledge about the structure of
categories (Colunga & Smith, 2005; Smith, Jones, Landau,
Gershkoff-Stowe, & Samuelson, 2002), about the structure
of language (Waxman, 1998; Waxman & Booth, 2001;
Woodward, L., & Ellen, 1998), about the referential nature
of words (Bloom, 2000; Waxman & Gelman, 2009), and
about the intentions of social partners (Baldwin, 1993;
Tomasello, 1992). The extant evidence makes it quite clear
that young children do have substantial knowledge in all
these domains and that this knowledge guides word learn-
ing (Bloom, 2000; Smith et al., 2002, 2010; Waxman, 1998;
Woodward & Markman, 1998). However, from the per-
spective of what children might know about how object
names map to objects, the present findings might seem
surprising. The meanings of basic level nouns, object
names, do not depend on location: a cup is a “cup” be it
in the sink or on the table. If very young children know this
about object names, then one might have expected that the
constant or varying location of a named object would not
matter for the binding of the name to the object. We sus-
pect that very young children do “know” that object names
transcend space and time, but this does not mean that
space and time do not matter for learning. Learning an ob-
ject name and binding a name to a thing requires the real
time working of memory and attention, and these core
processes are foundationally spatial.

A large literature has shown that localized attention is
itself important for forming coherent object representa-
tions (e.g., Johnson, Hollingworth, & Luck, 2008; Treisman,
1986), that location information is stored as part of object
representations (Hollingworth & Rasmussen, 2010; Kahn-
eman, Treisman, & Gibbs, 1992; Treisman & Zhang, 2006;
Wood, 2011), and that top-down cues that direct attention
to a specific location enhance processing and the binding of
multimodal experiences into a unified memory (Talsma
et al.,, 2010). The present experiments provide clear evi-
dence of these processes in 1%z year olds, suggesting that
they operate in these infants much as they do in adults
and that they play a role in the binding of names to things.
The results suggest that successful object name learning
depends on localized attention, cued spatial attention,
and spatial indexing, and have potentially important impli-
cations for understanding how disruptions in the inte-
grated functioning of these processes may contribute to
delays and atypical patterns of language development.

The present experiments - a first step with respect to a
mechanistic understanding of the role of spatial attention
in early word learning — were designed around the key pre-
diction that spatial predictability should enhance the bind-
ing of objects to their names. This prediction, though
supported in the object pop-up task used here, might seem
at odds with a world - and everyday learning environment
- in which objects and people move about. In the discus-
sion that follows, we first consider the present findings rel-
ative to processes of spatial attention more generally and
then we consider the specific question about their possible
role in everyday, and more naturalistic, word learning.

5.1. Spatial attention and learning

The results strongly suggest that not all forms of atten-
tion are the same, nor that they have the same conse-
quences for cognition and learning. Infants in both the
Constant- and the Varied-Location conditions attended to
the explicit naming event, in the sense of looking at the ob-
ject when it was named. But infants in the Constant-Loca-
tion condition, who had experiences that could build
expectations about where the relevant information would
appear and who could prepare spatially directed attention
before the event, learned the object names much more ro-
bustly than infants in the Varied condition, who could not
predict where the next naming event would be. That is, in
Experiment 1, infants in both the Constant and Varied
groups were cued by the name of the to-be-seen object
prior to its sudden appearance. For infants in the Con-
stant-Location condition this cue predicted both where to
look and what would be seen. For infants in the Varied-
Location condition, the cue predicted only what would be
seen. This result thus suggests that the key cognitive differ-
ence is the expectation of where to direct attention. In
Experiment 2, all infants heard the name as a predictive
cue to a constant location for each unique object and the
results show that infants who could direct attention to
the right location given the naming cue (as measured on
probe trials) were the ones who best learned the object
names, a result that has implications for expectations —
and prior planning of where to direct attention - as critical
to binding the name to the object.

What is the mechanism through which expectations
about where to direct attention benefit learning? As out-
lined in Fig. 1, there are several relevant pathways. Perti-
nent to these pathways is the distinction between
endogenous and exogenous attention. Attention that is
captured versus attention that is directed by expectancy
(that is, by a learned cue) appear to involve fundamentally
different systems that engage different neural networks
(Landau, Esterman, Robertson, Bentin, & Prinzmetal,
2007) and to compete for control of the information that
is processed (Berger, Henik, & Rafal, 2005). Critically, sal-
ience driven versus expectancy driven attention also have
different consequences for how the attended information
is processed (Breitmeyer & Ganz, 1976; Lennie, 1980).
The pop-up event in the present experiment is highly sali-
ent. No infant ever failed to look at a pop-up event, even on
the later trials. If in infants, attentional capture leads to
stimulus processing that is less conducive to learning
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about the object (Smith & Yu, in press; Wu & Kirkham,
2010), then rapid, startling presentations, such as the
pop-ups in the present experiment, may be very poor con-
texts in general for learning about objects or object names.
Spatial predictability in this context may have been
important because it generated an expectancy-based cue
that engaged the higher-level attentional networks that
supported the higher-level learning processes needed to
learn an object name.

It is also possible that expectations enhance bottom-up
processing, leading to more localized and less diffuse atten-
tion. If attention is (at least in some ways, see Driver, 2001)
like a spotlight that binds elements within that spotlight
and enhances their processing, then a critical question is
whether that spotlight is sharply defined and narrow, or dif-
fuse and broad. One recent study (Farzin, Rivera, & Whitney,
2010) used the phenomenon of crowding, the reduced abil-
ity to identify an object as a result of surrounding clutter
(Pelli & Tillman, 2008), to measure the spatial resolution
of the “spotlight” in 6- to 15-month olds infants. The effects
of crowding on object identification is not due to acuity per
se, but rather is believed to reflect an inability to segregate
and thus appropriately bind the features of different objects
(Pelli, Cavanagh, Desimone, Tjan, & Treisman, 2007; Treis-
man, 2006). Spatial resolution with respect to crowding
decreases from the fovea to the periphery (Pelli et al.,
2007). Farzin et al. found that the spatial resolution of per-
ception in 15-month-olds was only half that of adults, with
object detection impaired when the neighboring object
was as near as 3°. Evidence in the adult literature (e.g.,
Dosher & Lu, 2000; Shiu & Pashler, 1994) suggests that cued
spatial attention is particularly effective in cluttered fields
with many distractors and in noise. If expectancy-based
attention narrows or sharpens the border of the attentional
spotlight for children, then spatially predictive cues may be
especially important for younger children who appear to
have broader or more diffuse attentional fields.

Also relevant to the ideas illustrated in Fig. 1 is the spa-
tial indexing of memories. Because location information is
stored with object representations, location can also serve
as an index to object representations in working memory
and thus within a task context (Astle, Nobre, & Scerif,
2010; Ballard, Hayhoe, Pook, & Rao, 1997; Chun & Jiang,
1998; Xu & Chun, 2006). Within any learning task in which
there are multiple encounters with multiple objects, the
learner - in order to learn from and aggregate over those
separate encounters - must connect the immediate
instance of an object with its representation in working
memory. Experiment 3 provides clear evidence that
1%:-year-old infants can use consistent locations to con-
nect an immediate experience to a previous one, and more
specifically to bind a memory for an object to a currently
heard word. This finding adds further support to the two
recent demonstrations of the role of spatial consistency
in young children’s retrieval of remembered objects (Osina
et al., 2012; Samuelson et al., 2011). Those two studies, as
is the present one, were specifically about words and object
memories. As Fereirra et al. point out in their discussion of
the “looking at nothing” phenomenon, this fact may be
deeply related to the fundamental nature of online word
comprehension, words direct looking to the mentioned ob-

ject, and when that object is not present, to the location
that is stored with the object representation (see also,
Knoeferle & Crocker, 2007). Looking to the location is an
overt behavioral manifestation of referring: words literally
direct attention to the physical location and remembered
location of objects in the world.

The present results do not clearly distinguish these
pathways - some may be more essential and others more
supporting - but the results do provide a strong demonstra-
tion that space matters to infant learning. The experimental
paradigm provides a clear framework for pursuing the inde-
pendent contributions of these pathways.

5.2. Spatial attention and word learning

The pop-up task, though highly engaging and designed
to enable the manipulation and measurement of cued spa-
tial attention, is not at all like the contexts in which young
children usually learn words; objects do not spring up sud-
denly in one location and then disappear. Instead, young
children commonly learn object names in free-flowing
interactions with objects in the context of a mature social
partner (e.g., Lucariello & Nelson, 1986; Masur, Flynn, &
Eichorst, 2005). Thus, one might ask: Is spatial consistency
- and cued spatial attention - at all relevant to object
learning in naturalistic learning contexts? Samuelson
et al. (2011) and Osina et al. (2012) provide correlational
evidence that it is. In the Samuelson et al. study, parents
were asked to teach 1%5-year-old infants two object names
at a time as they engaged in play with their infants. Samuel-
son et al. found that parents established common ground
by naturally segregating the objects on different sides of
the table. Although they often held each object at center,
and sometimes stacked them on top of each other, over
the course of play, the parent typically held one object with
one hand and the other object with the other hand, and per-
haps more critically, when they put an object down to rest
so as to engage in play with another object, the tended to
consistently put unique objects to rest in unique locations.
Thus, when the parent or child returned attention to that
object, they looked and manually retrieved it from a certain
direction. Across multiple interactions with an object, the
child saw the object brought into play from a location
which may have led to expectancy-based attention that
supported binding the name to the object. Consistent with
this idea, Samuelson et al. found that parents who more
consistently located individual objects had infants who
more effectively learned the object names. This idea that
spatial consistency of referents plays a role in everyday lan-
guage use also fits how speakers consistently gesture to dif-
ferent regions of space to indicate meaningful contrasts in a
conversation (McNeill & Pedelty, 1995; Tuite, 1993).

In the present study, we used spatial consistency as a
design property of the task through which to experimen-
tally examine the role of cued spatial attention through
spatial consistency. However, top-down and expectancy-
based cues that spatially direct attention do not require a
constant location, just a predictable one. The original work
on endogenous cueing used the direction of an arrow (see
Jonides, 1981; Posner, 1980) — which sometimes pointed
in one direction and sometimes in another without any
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directional association to the specific target. In these
experiments, the arrow serves a top-down signal as to
where the task relevant information will appear on that
trial, not as a cue to a specific object at a specific location.
The mechanistic underpinnings of arrow cues that direct
attention by symbolic meaning and learned cues that di-
rect attention to a specific location as in the present study
may be functionally the same: enabling the perceiver to
pre-orient attention to the location. Critically, everyday
language is replete with cues that direct attention in the
same way that arrows in the cued-attention experiments
do: head turns, points and gestures, and the direction of
eye gaze by the speaker, all of which have been shown to
be critical - perhaps necessary - to children’s learning of
object names, provide information about the location of
relevant information (Ahktar & Tomasello, 2000; Pruden,
Hirsh-Pasek, & Golinkoff, 2006). Typically the relevance
of these cues to object name learning is discussed in terms
of the referential nature of names and the young child’s
ability to infer the referential intentions of the speaker
(Baldwin, 1993; Bloom, 2000; Tomasello, 1992). However,
gestures may also play a role in recruiting expectancy-
based attentional networks that may be essential to bind-
ing names to things. Indeed, one might conjecture that the
macro-level phenomenon of “referring” has its micro-level
function in the expectancy-based localization of attention.

6. Conclusion

The spatial predictability of an object across multiple
naming events supports better learning of the object name.
Like adults, very young children store location information
as part of their object representations. Like adults, they rap-
idly - in one trial - learn links between words and expected
locations. And, as in adults, location itself serves an index to
memory, enabling the learner to combine temporally sepa-
rate but co-located information. These fundamental pro-
cesses have not been systematically studied in infants and
young children, and thus there are many open questions
about their development and their exact nature. However,
the present results suggest the urgency of a better under-
standing of these processes in young children, as they may
be critical to object name learning and to the role of coher-
ent attention (and social cues to attention) in that learning.
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