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Relations With Pet Experience and Attentional Strategy
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We assessed the eve-movements of 4-month-old infants (N = 38) as they visually inspected pairs of
images of cats or dogs. In general, infants who had previous experience with pets exhibited more
sophisticated inspection than did infants without pet experience. both directing more visual attention to
the informative head regions of the animals, particularly when comparing stimuli. and maintaining their
attention to an individual anmimal, resisting the pull on their attention by the other visible animal
Individual differences in general attentional strategie s as asse ssed during a pretest had similar but we aker
relations to visual scanning patterns. There was some evidence that the 2 factors were interactively
associated with visual inspection, supporting the findings of Kovack-Lesh and colleagues {Kovack-Lesh,
Horst, & Oakes, 2008. Kovack-Lesh, Oakes, & McMuorray, 20120 that infants” learning aboul and
memory for this type of stimuli is jointly determined by pet experience and attentional style.

Kevwords: infancy, eve-tracking, comparison, pets

Research on infants™ cogmtive development has revealed an
impressive range ol early skills: young intants can form categories.,
recognize physical violatons, detect ammacy., and remember
events (see Carey. 2009, for review). Olten in this research.
looking 1s used to infer intants” knowledge or abihities. However.
researchers disagree about the extent to which infants™ lcoking
reflects 1n the moment learning versus pre existing knowledge
{e.g.. Aslin. 2007 Haith. 1998: Mareschal, 2000: Pauen. 2002:
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Schoner & Thelen. 2006: Willatts, 1997). Here. we elaborale a
dynamic view that infants™ pre existing knowledge in part shapes
how they scan images in the moment, and this in turn influences
what they learn. We address this by systematically examining how
infants” visually inspect a set of stimuli as a function of their
previous experience with similar items. their attentional abilities,
and features of the stimuli.

Overlapping Influences in Infant Looking

The motivation tor this work derives, in part. from the fact that
cains i understanding inlants” cogmbve abihities have largely
come from varnants of famiharizaton and habituaton/dishabitua
tion paradigms. In such paradigms. infants are exposed (0 a series
ol stumuli, and therr looking decreases as they become [amiharized
with those stmuli, At this point, infants” looking o novel stimult
is recorded. These procedures were originally developed to study
memory and were adapted to assess other cognitive processes like
categorization, face perception. and object representation (see Co
lombo & Mitchell. 2009, for a review). Importantly. inferences
about infants” mental representations are made based on their
looking to different sumuli (e.g.. familiar vs. unfamiliar. possible
vs. impossible). While this approach is widespread, researchers
make different assumptions about whether infants” responding
reflects thetr existing knowledge. or what they have learned about
the statistical properties of the sumuli (Figure 1).

Infants’ Looking as Reflecting Existing Knowledge
Some researchers have assumed that infants™ looking largely

retlects pre exising knowledge (Figure 1A). Novelty preferences

after tanihanzaton have been argued to reflect prior conceptual
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Figure | Theoretical accounts for the causes of behavior during infant looking studies. (A) Account stressing
the primary role of pre-existing knowledge and skills in shaping dishabituation performance. (B) Learning
accounts in which performance at test is large Iy constructed i the moment. (C) An additive account in which
multiple factors influence performance. (I A “learning-to-learn™ account n which knowledge shapes how

attention is deploved (Path 4) and that shapes learning.

knowledge rather than 1n the moment learning (Mandler & Mc
Donough. 1993 Pauen. 2002), and the violaton ol expectation
response 15 assumed to retlect the understanding ol the physical
world that infants had coming into the lab (Ballargeon, 1987
Hespos & Baillargeon, 2001).

A less extreme assumption s that infants” looking need not
solely reflect conceptual understanding. and work examining the
role of experience in shaping learning about novel stimuli supports
this assumption. Indeed. infants™ face processing reflects differ
ences 10 their daily experiences with particular types of faces (e.g..
Asian or White faces: Bar Haim. Ziv. Lamy. & Hodes, 2006

Kelly et al.. 2005). and infants™ looking in the lab to images of

dogs and cats differs with daily exposure to pets (Hurley. Kovack
Lesh. & Oakes. 20100 Kovack Lesh. Horst, & Oakes. 2008:
Kovack Lesh. Oakes. & McMurray. 2012). Daily experience can
v oinfluence visual processing. Bornstein and Mash
{2010y provided infants with daily home exposure © a set of
stimult and on subsequent laboratory testing found them o be
“pre habituated.” Scott and Monesson (2000) found that infants
whose parents presented and labeled monkey faces at home over
several months showed better discrimination of monkey faces.
Clearly even if looking does not salely reflect conceptual under
standing, 1t does to some extent reflect learning over long time
scales (Figure 1A).

also caurse

Infants” Looking as Reflecting Real-Time
Learning Processes

Other researchers have assumed that infants™ looking largely
reflects in the moment learning ol the statstical properties ol the
stimult (Frgure 1B). and at the extreme rellects no prior knowledge
{e.g.. Schoner & Thelen, 2006). For example. infants respond o
difterent categorical contrasts (broad categories hike “ammal™ vs.
narrow categories hke “dog™ and “cat™) depending on the variabil

iy among lamilianzaton stmuol (Oakes, Coppage. & Dingel.
1997: Quinn, Eimas, & Rosenkrantz, 1993: Younger. 1985), and
this bottom-up learning has been conlirmed 1n connection st mod-
els of this task (e.g.. Mareschal, Quinn. & French. 2002). Such
findings might be taken o support an extreme view that intants do
not “have™ categories at all but learn them quickly in the labora
Lory.

Other research has shown that infants™ on line visual inspection
strategies determine. in part. what they learn. consistent with the
perspective that looking reflects in-the-moment learmng. For ex-
ample, infants who during a pretest exhibit briefer and more
numerous 1ooks with more shilts (Le.. short lookers). remember
more or different information in a later task with different stimuli
{e.g.. Colombo. Mitchell, Coldren. & Freeseman. 1991: Freese-
man., Colombo, & Coldren, 1993; Jankowski. Rose. & Feldman.,
2001: Rose, Feldman, & Jankowski, 2003). Moreover. by exper
imentally mampulating infants” looking-styles, Jankowskr et al.
{2001) confirmed that these differences were causally related ©
thetr performance at test.

Eve tracking studies further confirm that such differences in
scanning style contribute (o learming by demonstrating that pre-
cisely wihar infants look at shapes learning. Amso, Fitzgerald,
Davidow. Gilhooly. and Tottenham (2010) found the proportion of
tume infants spent inspecting eve regions during tamharization
with faces predicted their differentiation of facial expressions.
Sumtlarly. S. P, Johnson. Slemmer. and Amso (2004) tound that
when familiarized with a rod moving horizontally behind an oc
cluder (e.g.. Kellman & Spelke. 1983), infants who scanned the
rod pieces and the path of motion more were more likely o prefer
a broken rod over a complete rod (suggesting they percerved the
original display as a vnified rod). Thus, infants” learning is related
to how looking 1s distributed—that 1s. how much tme they spent

looking at relevant features (eyes. rod preces). and resisting trrel
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evant features (harline. box)—establishing a connection between
real tme attenttonal deployment {Figure 1B) and learmng.

Interactions Between Familiarity
and Attentional Control

An alternative. less extreme assumption 18 that looking in fa
muhiarityfpreterence  paradigms reflects the nteraction of pre
existing knowledge and real ume learning processes (Figure 1C).
That 1s. infants” responding during test may reflect therr real tme
processing of the sumul @ven ther existing knowledge. For
example. Kovack Lesh and colleagues (Kovack Lesh et al.. 2008:
Kovack Leshet al.. 2012) found that the only group of infants who
learned images of cats were those who had relevant experience (a
petin their home) ang engaged in more switching between stimuli
during familiarization. The simplest explanation for this finding is
that switching and background knowledge are largely independent
and that only infants with enough background knowledge benelit
from swilching. In this case. Pathways 2 and 3 in Figure 1C
account for this.

A more developmental alternative is that infants”™ hackground
knowledge leads to differences in frow they leam. as prior knowl
edge shapes how attention is deployed during learning (Figure 1D,
rathway 4). Indeed. much (1f not ally of the effect of famiharity on
learning {or test performance) may derive from differences in
real time attention, obviating the need for Pathway 3. This idea is
consistent with what Adolph (2008) discussed as learming to leam
in motor development, a concept that dertves from ideas in animal
learning (Harlow. 1949) and connectionism (Kehoe, 1988). Infants
do not just acquire information or skills, but rather they learn how
to adaptively and flexibly acquire information and use the skills
demanded by context.

This idea leads (o two predictions about the interaction between
pre existing knowledge and 1n the moment leaming strategies.
First. pre existing know ledge should help infants more effectively
learn about visual sumuli by focusing attention on the most rele
vant features and ignoring less diagnostic or important features
(Figure 1D: Pathway 4). For ammals. heads are more diagnostic
than nonhead regions (Quinn. Doran, Reiss. & Hoffman, 2009;
Quinn & Eimas, 1996). Thus, when presented with animals, in
fants with relevant experience (pets at home) are more effective at
directing their attention o the heads than those without such
experience. We can further illuminate this system by challenging
attentional control with stimuli that are more difficult to process. In
this case, two patterns of results are possible. On the one hand.
infants with experience could be better at maintaining looks o
informative head regions despite perceptual difficulty. suggesting
arole of background knowledge 1n overcoming challenging situ
ations. Alternatively. infants with relevant experience may respond
acaptively (e.g.. exhibit more looking to the head region). indicat
ing that they can adjust their learning strategy in light of stimulus
variations. In this case, attentional deployment would be more
influenced by stmulus properties for experienced infants (ie..
infants with pets may show heightened looking to the head region
when stimuli are in different poses).

The second prediction about how pre existing knowledge and
in the moment learning strategies interact is that prior knowledge
should help infants mainfain attention to particular stimult in the
face of distraction. For example. when presented with two stimuli

Lad

that compete for attention (e.g.. one at fixaton and one n the
perphery). infants generally have ditheulty inhibiting the distract-
ing stimulus (Oakes & Tellinghuisen, 1994): such distraction may
make 1t difficult for infants o learn about the target simulus, as
their attention 1s pulled to the distracting stumulus before they have
tully processed 1. However. attentional control 1s influenced by
target familiarity (Blaga & Colombo. 20060 Peltola, Leppénen.
‘alokangas. & Hietanen. 2008): thus infants with more relevant
pre-existing knowledge may be able to better maintain attention (o
individual items than infants with less relevant pre existing knowl
edge. allowing them o more fully process the initial target.

AL lirst blush, this prediction may seem counterintuttive and
contrary to previous findings that background knowledge and high
levels of comparison of sumuli (as indicated by switching glances)
together predicted learming (Kovack-Lesh et al., 2008: Kovack-
Lesh et al.. 2012). However, we assume that learning 1s a function
of both being able © maintain attention in the face of distraction
{e.g.. inhibiting distraction when in the midst of processing) and
being able to eftectively compare stiimuli. Previous research has
shown that over development infants become increasingly good at
inhibiting distraction during active processing (Oskes & Telling
huisen, 1994, and infants are better at intubiting distraction when
processing siumull that present more new informaton than when
processing stimuli with less new information (Oakes, Kannass, &
Shaddy. 2002). Thus. background knowledge may both help in-
fants 0 mantain attentton while they are learming about new
stimult and help them to effectively compare (by focusing on the
most relevant features of the sumuli) when they do switch their
gaze from one sumulus (o the other. This should appear in different
aspects of the fixation record. with better attentional maintenance
appearing as enhanced [xations within a stimulus, while betler
compartson processes should only appear once infants have tran-
sthioned between stimult as more ranstions (o and from informa-
tive regions of the stimulus.

The Present Investigation

We lested these predictions using eye racking [0 assess
4 month old infants™ inspection of images of dogs and cats. We
used the presence of a pet in the home as a quasi experimental
manmpulatton of background knowledge and presented pairs of
items simultancously o create a sitwation in which individual
items must compete for attention. To challenge the perceptual
system. we manipulated the nature of the parrs—whether the two
animals were of the same type (e.g.. two dogs) or dillerent types
{e.g.. a dog and a cat). and whether the animals were in the same
pose (e.g.. both sitting) or in different poses (e.g.. one sitting and
the other standing). This manipulation allowed us (© examine
whether stimulus variation would have a greater influence on
attentional control of infants with less relevant prior knowledge
{(r.e.. those without pets at home). To map the predicions above
onto dependent variables, we examined the looking tme o head-
and nonhead regions as a measure of whether infants were direct
ing attention to the most relevant features. the number of transt
tnons within an ammal as a measure ol how eltecuvely infants
could maintain attention in the face ot a distractor, and the types of
transitions berween animals as a measure of what information was
most relevant during comparison.
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All of our predictions concerned real tme attentional deploy
ment: however, a critical prece ol our theoretical puzzle was how
hackground knowledge and in the moment attention are related o
learning. The predictions we outhned demanded a precise analysis
ol looking. necessitaiing an eye tracking approach with a large
number of trials. We also needed to manipulate perceptual difh
culty (in particular. whether pairs came from same or different
categories) to determine how familiarity changes attentional de
ployment in a variety of situations. To add a measure of learning.
we would have needed to structure the trials to encourage habit
vation (using more similar stimuli from the same category) and
examine posthabituation performance as a measure of learning.
This protocol would have made 1t more difficult o evaluate our
hypotheses as there would likely be fewer trials and less ume
looking at the screen (habitvated infants are more likely o look
away). Moreover., the critical perceptual manipulations would have
needed o be hetween subjects (in addition o between subjects
variation 1n animal knowledge and looking). requiring a huge
sample.

As an alternative. then, we developed an experimental paradigm
in which we could be confident which infants would show learn
ing, but we adapted the sumuli and trial structure to the vnique
demands of eye tracking. Thus, we used items from the same
stimulus set and with similar familiarization parameters (iming.
spacing) as two previous studies with this age group (Kovack
Lesh et al., 2008: Kovack Lesh et al., 2012). In these studies.
exposure o pets was related (o categorization, particularly among
infants who switched frequently. Thus, we knew which infants
were most likely to learn, allowing us to relate the differences in
scanning during training 1o the groups of infants who were likely
to learn. Therefore. we could present all of the infants with the
same conditions and measure how their responses differed. over
many rials constructed o mimic the familiarization trials from
prior categorization paradigms.

Method

Participants

The hinal sample mncluded 38 mnfants who were 4 months old
(M = 124.59 days. SD = 6.84: 20 girls and 18 boys). To determine
whether infants had previous expernence with pets, we asked the
parents whether they had a pet that hived indoors at home or
whether therr infant was exposed o indoor pets elsewhere for at
least 20 hriweek. From this information, we divided the sample
into two groups: the per group had 21 infants (13 with just dogs
and erght with just cats) and the no per group had 17 infants. An
additional 24 infants were excluded from the final analyses due o
[ussiness or excessive movement (7 = 4). fixations © only one
side (coded data were only to the left side. n = 1), experimenter
error (7 = 3), sibling interference (v = 1), latlure o get a good
track (n = 8), equipment error {# = 3), failure o complete the
pretestin = 1), or failure to complete the required number of trials
{see Results section, n = 2). We also excluded one infant who had
both a cat and dog at home because this situation seemed poten
tally different from daily exposure o a dog ar cat. Thirty six
infants were White (not Hispanic). one infant was Hispanic, and
one nfant was biracial (American Indian and White). All mothers
had completed high school, and 27 of them had a bachelor's degree

or higher. Participants were recruited from county birth records.
They received a letter describing the study and then a (ollow up
phone call inviting them to participate.

Design

The expertment used two tasks. The first task presented was a
standard pretest, 1dentcal o that vsed by Kovack Lesh et al
{20121 see also, Jankowskr et al., 2001) o capture attentional style.
In this task. an observer recorded infants’ looking to abstract.
black and white geometnic patterns onhine. The second task was
the experimental 1ask, which examined infants” inspection ol pairs
of dogs and cats. During this task. we recorded infants” point of
gaze (POG) using an automatic eye tracker as they visually nves
tigated pairs of animals presented side by side on a large monitor.
airs varted on two factors: (a) whether the two animals were from
the same categories (two cats or two dogs) or different categories
{acat and adog) and (by whether the two animals were in the same
pose (sitting. standing facing right. or lving down). These two
factors were crossed (o create four types of pairs: same category/
same pose. same category/different poses. cross category/same
pose. and cross category/different poses pairs. A dog pair and acat
pair were created for each of the same category pairs for a total of
SIX pair types.

Stimuli

Pretest stimuli were 1dentical to those used previously {Kovack
Leshet al.. 2012) and were digitized images of the pretest simuh
used by Jankowskr et al. (2001). They were approximately 19 cm
wide by 42.5 em. subtending approximately 277 x 56" at 40 ¢cm
viewing distance. These were presented n pairs with a center to
center distance of 60 cm.

Test stimuli consisted of 24 dogs and 24 cats used by Kovack
Lesh et al. (2012). Each individual image extended a maximum
width of 32 cm and a maximum height of 24 cm (approximately
247 187 wvisual angle al 75 em viewing distance). and the
center to center distance between the animals was 51 ¢m (37.5°
visual angle). Thus, the width of the total display was 83 cm (58”
visual angle). The pairs were presented on a gray background.

Attention getiing stimuli consisted of a repeated cycle in which
a randomly selected colored shape loomed in the center of the
monitor from a size of 07 x 07 © 247 x 247 visual angle in | s
accompanied by randomly selected sound: when the shape reached
its maximum size, the cycle repeated with a new shape and sound.
There were six shapes (red and black triangle. green and blue
circle, purple and white diamond. yellow and white star, blue and
white hexagon. purple and green rectangle) and five sounds (purr.
whistle. ping. glass chime. blowing sound).

Apparatus

Visual stmult were presented on a 4210 Panasorie plasma
monitor (Panasonic Corp. of North America. Secaucus, New Jer
sey) at 1024 > 768 resolutnon. Auditory sumult were presented
through Boston Acoustics speakers (Boston Acousties, Inc.. Pea
body, Massachusetts) on either side. During the pretest, Habit
software (Cohen, Atkinson, & Chaput, 2000) was used for stimu
lus presentation and for recording looking times, and infant look
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g was monitored via a video camera below the momtor. A
custom-butlt Macromedia Director script (Adobe Systems. [nc.)
was used to present the experimental trials.

We used an ASL Pan/Tilt Model R6 remote eye tracker (Ap
phed Scrence Laboratories. Bedlord, Massachusells) 1o asse
fants™ eyve movements during the experimental task (see Ashn &
McMurray, 20047 Oakes & Ellis. 2013, for a description of this
set-up and infant eye-tracking in general). The eye tracker consists
ol an infrared camera that tocuses on the eye and locates the pupil
and corneal reflection. The camera was directly under the 42 in
plasma monitor, approximately 75 c¢m from the infant. Infants
wore a headband equipped with an Ascension Minibird magnetic
head tracker {Ascension Technology Corp.. Milton, Vermont) to
compute head position, which the eve tracker used o refocus the
camera on the eye 1l needed. The video output from the eyve tracker
was digizved at 30 fps on an Imagenaton PXC200AL video
capture card {CyberOptics Semiconductor. Minneapolis. MN). at a
resolution of 320 x 240 pixels and saved as audio—video nter-
leaves (AVIs) with MPEG-4 encoding.

S5 1=

Procedure

[nfants were seated on their parents” lap approximately 40 cm
(tor pretest) or 75 cm (tor eye tracking) from the momtor. Parents
wore dark. occluding sunglasses (o mininuze bias.

The pretest was always administered first.! An experimenter.
seated out of sight, imitiated each trial. Betore each pretest tnal, an
atlention-getting gray circle loomed 1n the center of the screen
accompanied by a whistle sound. When infants looked at this
circle. the experimenter presented the two identical copies of the
pretest sumul, side by side. on each ol two 15-s (nals. An
experienced experimenter recorded nfants’ looks o the left or
right image. Reliability for the observers in this task 1s very good
{see Kovack-Leshet al., 2012, [or detauls). Alter pretest. all infants
recerved a 2-3 mun break 1n another room.

Alfter the break. an observer and a stimulus presenter conducted
the expernimental phase. First. the stmulus-presenter presented
ammated movie clips to direct the infant’s attention to the monttor,
while the observer used the manual controls on the ASL system (o
move the camera so the eye was in view and focused. Once the eye
was located. the eye tracker’s automatc routines were 1ntiated,
allowing the camera to maintain focus using the pupil and corneal
reflection as well as head position from the magnetic head tracker.
Next. the eve tracker was calibrated. A colortul loonuing circle
{accompaned by a sound) was presented first at the top lelt and

then at bottom right of the monitor (11.57 above and to the left of

center or 11.57 below and to the right of 1t). When the infant
fixated the circle. the observer recorded the eye-position, and the
next calibration stimulus was presented. Calibration generally ook
1-3 mun.

Next. the sumulus-presenter mitiated the experimental trials.
Each tnal began with the looming attention-getter. When the
stimulus presenter (observing the infant via the low light video
camera). judged that the infant was looking at this. he or she
mitated an expenmental tal on which pairs of ammals were
presented for 10 s, accompanied by a randomly selected classical
music clip from Pachelbel’s Canon in D or Vivaldi's Four Sea
FONS! .Sp,-'.r'n,s:.z

On each tnal, one of the six types of pars described in the
Design secuon was presented. Trials were grouped 1nto blocks of
stk trials (one ol each type., see Figure 2 for an example of a block)
tor up to erght blocks (for a total of 48 nals maximumy). Note that
because we had 48 individual sumul and on each trial two images
were presented. infants who completed all 48 trials would see each
animal on more than one trial (but would be presented with a
different animal on those trials). Given the large number of stimuli
that were all similar to one another. 1t is unlikely that infants would
remember those individual items. Within each block. each infant
saw (in a random order) four same category trials (Iwo cal—cat
trials and two dog—dog trials) and two eross category trials: halt
the trials of each type were saumie pose tnals. Trials continued until
the infant became fussy or until all 48 trials were presented.

Coding

The recording produced by the eye tracker consisted of the
stimult presented on each trial with cross hairs superimposed that
incheated the location of the infants” point of gaze (POG) and an
image ol the infants™ eve supenimposed in the bottom right hand
corner. Highly trarned coders, unaware of the infants™ pet status or
the hypotheses being tested. used the Observer XT (Version 10:
Noldus Information Technology. Leesburg. VA) o code POG. To
ensure the cross hairs reflected the infants” POG, coders recorded
the location of the POG only when both the cross hairs were
superimposed on the stimulus and the right eye was visible (oc
casionally. the eye camera would focus on the left eye for which
the right eye calibration would not be valid). Coders did not code
the POG il the eye was closed or il the right eye was not visible.

For each frame, the coders indicated whether the infants’ POG
was in one of live locations: head of the left animal. a nonhead
region of the left animal. the head of the right animal. a nonhead
region of the right animal. or not on either animal. POG was coded
only when the cross hairs remained in that region for three con
secutive frames or 180 ms (toeliminate single frames in which the
POG crossed through a region while moving between regions).
Routines in the Observer calculated continued looking o that
region until the coder indicated that the POG was directed 0 a
different region. To establish reliability. two highly trained inde
pendent coders recorded the POG in this way for 11 infants.
Reliability for the particular region coded on each [rame was good,
k = .83, concordance between the two coders of 86%.

From the raw frame by frame coding, we extracted a number of
key variables. First. we computed the total amount of looking
accumulated to each of four target regions (head of lelt animal.

' Although testing infants in a short pretest phase first may have intro-
duced an order effect. this is the typical procedure (e.g.. Freeseman et al..
1993 Jankowski et al.. 20017 Kovack-Lesh et al.. 2012). Moreover. indi-
vidual differe nces are more easily interpreted if all infants receive the tasks
in the same order. Therefore. because all infants were tested in the pretest
before the experimental task. there should not be any systematic differ-
ences between groups ol infants that may detract from our main goal.

2 Although not widely reported, music is commonly presented during the
experimental trials in eve-tracking experiments (see. for example. Oakes &
Ellis. 2013). The inclusion of music may influence infants’ attention to
visual stimuli, but because the music was present on every trial. and the
particular musical selection on each trial was chosen at random., any effect
of music on attention would not have had a svstematic effect on infants’
visual attention.
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Frowre 2. A block of six trials.

body of left animal. head of right animal. and body of right
ammal). Next, we determined the number of transitions between
regrons (headd body within an ammal. headO head across animals
and so on). Transitions (which are not the same as saccades) were
identitied each time the POG moved out of a regon. Both within-
ammal transitions {(from one region to the other region of the same
ammal) and between ammal transitions were coded for the region
{head or body) from which they ongiated and the region n
which they terminated. In computing transitions from the raw
coding. we 1gnored looks away [rom the sumulus (e.g.. left-
headd nothingd right head was counted as a headd head tran
sitions), and transitions from one region o an off sumulus
locanon and back © that region (e.2. left-headd nothingd head)
were not counted as transitions. We chose this method because we
were not interested 1n oculomotor dynamics but rather 1n how
infants compared different features of the animals.

Results

We evaluated a number of different measures 1o determine the
relations among pet experience. general attentional strategies, and
mntants” visual inspection of these pairs, Our most important ques
ton was whether infants’ background knowledge of animals was
related o how they pick up intormation from the visual displays.
To answer this question., we evaluated (a) looking time. both
overall and to specific regions of interest, and (b) the number of
transitions between one region or animal and the other. As in prior
work (Kovack Lesh et al., 2008), preliminary analyses revealed no
differences in these measures as a function of whether infants in
the pet group had dogs or cats. Thus. we collapsed across this
variable and compared infants without pets with those with a pet of
either kind.

These analyses included all infants who completed at least one
trial for each of the six trial types. On average, infants contributed
2411 (5D = 1161, range 7— 46) trials to the analyses. Infants
without pets contributed marginally more trials (M = 27.76. 5D =
10.57. range 7—46) than did infants with pets (M = 21,14, SD =
11.80. range 8-46). 1{36) = 1.80, p = .08, ¢ = 0.58.

This study was a “natural”™ experiment. as children could not be
randomly assigned to pet groups or to exhibit a particular looking
strategy during pretest. One concern with such a design is that the
groups of infants may differ in other ways. For example. parents
with pets may treat infants differently than parents without pets.
resulting in general differences in development. or the two groups
may have other spurious differences (e.g.. 1 more boys. by chance.
had pets than did girls). Although it is impossible © completely
equate the groups, we did draw them from the same general
population and equated them for variables such as age and gender
distribution. However, o further rule out such factors, we first
evaluated pretest performance to show that our groups were com
parable on several variables that could have affected looking
performance. After establishing that these groups are roughly
equivalent. we turn o our primary analyses.

Preliminary Analyses

Comparing pet-groups. The pet groups were well balanced.
They had simuilar proportions of boys (52% n the pet group and
41% 1n the no pet group) and did not difter 1n age—pet group:
M = 12552 days. SD = 642, and no pet group: M = 12341 days,
Sy = T.37.1(30) = 095, p = 35 More important. the groups did
not dilter on looking during pretest with abstract “neutral™ stimuli:
there were no significant differences between pet groups in the
number of switches, pet groupr M = 2.88, 8D = 1.77, and no pet
group: M = 312, 8D = 330, 1(30) = 028, p = .78 the duration
of the peak look. pet group: M = 2.90 s, 8D = 1.41 s, and no pet
group: M = 3.32 5, SD = 1.78, 1(36) = 0.82, p = 42; or the
average total looking on the two trials. pet group: M = 6.05 s,
SD = 2.63, and no pet group: M = 6.73, 50 = 2.91.1{36) = 0.76,

p = .45 This 1s crucial as these measures are closely related to the
measures we evaluate on experimental trials but reflect looking o
stimuli that are equally novel to both groups. Thus, any differences
between groups on experimental trials are not likely due o general
differences in looking but rather (o effects of specific experience
with animals on infants” processing of animal images.
Evaluating individual differences in looking. We next
looked at differences in general attentional strategies. As in prior
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studies (Colombo et al.. 1991 Freeseman et al., 1993: Jankowski
et al., 2001 Rose et al.. 2003). we used the duration of the peak
look during the pretest as a measure of general looking behavior.
Because our infants did not cluster around a mean, we used peak
look as a continuous variable. [t was not correlated with age.
r(36) = .03, or number ol experimental (nals completed, #(36) =
— 13, T tests also revealed that boys (M = 297, 5D = 1.50) did not
difter from airls (M = 3.19. 803 = 1.68), #(30) = 0.41. and that
infants with pets (M = 290,50 = 1.41) did not difter from infants
without pets (M = 3.32, 8D = L78). 1(36) = 0.82.

Experimental Trials

Our primary analyses were those ol the experimental trials. Our
design included pet group (pet/no pet) as a between subjects
factor. peak look as a continuous between subjects factor and trial
type (same-categoryfeross-category) and pose (same/dilterent) as
within-subject factors. To examine the nterrelations among these
variables and each derived measure of looking behavior, we con
ducted analyses of covarnances (ANCOVAs) with these factors,
using a fully saturated model in which longest peak look was
treated as acontinuous factor and allowed (o interact with all other
factors.” Peak look was centered before being entered into the
model.

Total looking time. We [irst examined the coarsest measure,
infants” total looking time (o either ammal during the trial. An
ANCOVA with total look duraton as the dependent varable
revealed only a main effect of peak look. F{ 1. 34) = 6.13.p = .02,
mp = .15, Infants who had longer peak looks during pretest {(and
would have been classified as long lookers) had shorter looking
durations during the experimental trials, » = =37, This elfect 1s not
surprising given that in previous studies infants who were classi
fied as short lookers generally have been found (o be more sophis
tcated on subsequent perception and memory tasks than long
lookers {e.g.. Colombo et al.. 1991 Freeseman et al. 1993:
Jankowski et al.. 2001 Rose et al.. 2003).

Looking to specific features.  Although overall looking time
had little relation o the vanables of interest. we expected (o see
differences in how infants distributed their looking to the head
regions versus the nonhead regions. as prior work has shown heads
(0 be more diagnostic (Quinn & Eimas. 1990), and even naive
6 month old infants are biased o fixate heads of dogs and cats
(Quinn et al.. 2000). For each trnial type. we computed the propor
tion of total looking time devoted to heads by dividing the duration
spent on the heads by the duration ol looking o both regions. We
used this proportional measure (rather than absolute looking time)
to control for differences in overall looking. These scores were
entered into the ANCOVA described carlier.

The analysis revealed a significant effect of pet group.
F(1.34) = 531, p = .03, mp = .14. Infants with pets devoted
proportionately more looking to the head regon (M = 0.54, 51 =
0.17) than did infants without pets (M = 049, 5D = 0.18). This
linding supports our main prediction: Infants with pets are better
able to direct attention o the most meaningful region of novel
images ol cats and dogs. Peak look was also signihicant, F(1.34) =
996, p = .003, ’I']F, = .23, Infants with longer peak looks looked
less at heads, » = —49, consistent with the idea that long looking
mtants are less sophusticated in learmng new stmuh (Colombo et

-1

al., 19917 Freeseman et al.. 1993: Jankowskr et al.. 2001: Rose et
al.. 2003). Pet group and peak look did not interact, F =0 1.

The main effect of pose also was signihicant, Fil1. 34) = 5.44,
p =03, 3 = .14. Infants devoted proportionately more looking Lo
heads when viewing pairs of ammals in different poses (M = 0.51,
S0 = 0.21) than in the same pose (M = 044, 5D = 0. 19: see
Frgure 3). There was also a significant three way nteraction of
trial type. pose, and peak 1ook, F(1.34) = 692, p= Ol.mg = .17.
To examune this interaction. we analyzed each tnial type separately
(Figure 3, lelt and nght sides). For same-category tnal types. we
found a main eftect of pose, F(1, 34) = 9.88, p = 003, 73 = .23,
and no mnteraction with looking (F << 1). Regardless of level of
peak looking, infants had higher proportion of looking to the heads
when the ammals were in different poses. In contrast. for ¢ross-
calegory trnal types the etfect of pose was nol significant,
F(1.34) = 148, p = .23, iy = .04, but the interaction of pose and
peak look was significant, F(1, 34) = 564, p = 023, v} = .14,
When infants had longer peak looks. the proportion ol their look-
g o the head region was uniformly low, regardless ol whether
the ammals were in the same or different poses.

As a whole. short lookers and pet owners tended to hixate the
more relevant head regons more, suggestng arole ol background
knowledge and individual differences 1in visual attention. At the
same tme stmulus factors also played a role as ammals with
difterent poses tended to dove infants (o locus on the more
diagnostic head-re@ons. However. when the animals differed, only
the more advanced short lookers mamntaned this strategy.

Transition analyses. [n the linal analyses, we evaluated the
quality of infants” visual scanning by analyzing the transiions
between regons. Transihons were defined as any tme infants’
gaze moved from one region o another, whether within the same
ammal (e.g.. [rom the head to the body) or between two ammals
{e.g.. from one head to the other head).

Transitions within and between animals. First. we com-
pared the proportion of transitions within and between animals
(regardless of the specilic region). We calculated the proportion off
within ammal transiton by dividing the number of transitions
within an ammal by the total number of transitions. A high
proportion of within animal transitions indicates that infants focus
therr attention on an individual ammal. resist attending to the other
animal. and maintain attention in the face of distraction. A lower
proportion of within-animal transtiions would indicate that infants
are more easily distracted by the competitor. shifting attention
between the two amimals. Intants of this age have difficulty main-
taning attentional focus in this way (Ruff & Rothbart, 1996).

The average proportions of within-ammal transitions were en-
tered into an ANCOVA with pet group and peak look {continuous)
as between-subjects factors, and trial type and pose as within-
subject factors (Figure 4). Two infants with pets failed to make any
transtiions 10 one ol the cells: these (wo mussing means were
replaced with the Trial Type » Pose cell means (an analysis
excluding these infants yvielded the same results).

FNole that in the SPSS implementation of ANCOVA (general linear
maodel), shared variance between covariates and factors 18 split between
them., rather than being assigned to the covariate. Thus. this model is more
similar to an analysis of variance with continuous factors (or a hierarchical
regression) than the traditional conception of an ANCOVA.
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Figure 3. Proportion of looking time to head as a function of peak

looking. trial type. and pose. Note that for ease of presentation. peak
looking has been collapsed to a dichotomous factor with a median split
feven as it was treated as continuous in the analysis). Error bars
represent = 1 standard error computed across subjects within the Trial
Type ¥ Pose * Peak-Look Group. Dashed line indicates equibiased
looking. Values below this line indicate that infants were more likely to
look away from the head (toward the body ). values above this line indicate
that infants were biased to look to the headl.

This analysis revealed a significant main eftect ol pet group.
F(1.34) = 7.97. p = .008. nf = .19. Infants with pets made ¢
higher proportion of their transttions within antmals (M = 0.62,
5D = 0.11) than did infants without pets (M = 0.51, SD = 0.12).
This hinding suggests that intants with pets were better able (o
resist the distracting effect of the other 1tem (and therelore spent
longer tmes looking at one animal before moving to the other
animal).

The analysis also revealed a significant effect of peak look. Fil.
34) = 573, p = .02.mp = .14. Infants with longer peak looks had
fewer within antmal transitions, » = —4 1. Again, as short looking
15 assumed (o reflect a more sophisticated attentional strategy
{Colombo et al.. 1991; Freeseman et al.. 1993 Jankowsk: et al..
2001: Rose et al.. 2003). the higher proportion of within ammal
transitions shown by short lookers, like the pet group. may reflect
more sophisticated attentional control. perhaps reflecting greater
ability to resist the distracting influence of the second animal.

This analysis revealed three additional marginally significant
interactions: Trial Type » Peak Look, Fi1, 34) = 293, p = (06,
mp = .079: Pose % Pet group. Fi1.34) = 3.1. p = .088.mf = 083:
and Trial Type > Pose x Pet Group, F(1. 34) = 3.4, p = 074,
mp = 091, We did not analyze these marginal effects further but
as will be seen later the Trial Type < Pose » Pet Group interaction
emerged as signilicant in our next analyses ol the transiions.

Transitions involving head. [n our final analyses. we evalu
ated only transiions between ammals, as we were interested in
what information infants use spectlically when comparing animals.
In particular, we examined the ikelihood that a transition involved
the head regions o determine 1l infants were more likely (o direct
their gaze to the highly informative head regions when comparing
ammals. This question was examined as a function of pet group.
peak look. and stimulus characteristics. We report here an analysis

of the proportion of between animal transitions that involved the
head ol etther amimal (erther as the starung or ending location). An
additional analysis on the proportion of just those between animal
transitions that ended 1n the head yielded hughly similar results, so
we report here just the first measure.*

Seven infants failed to have transitions between ammals in at
least one Trial Type » Pose cell {all of these had pets). We
replaced these missing data pomnts with the Trial Type = Pose cell
means (an analysis that ignored the subjects with missing data
showed simulac results). Infants with pets had more between
animal transitions involving the head (M = 0.71. SD = 0.19) than
did infants without pets (M = 0.50, SD = 0.19), F{1,34) = 13.58,
p =001 mj=.29 (see Figure SA). Thus. not only did the analysis
described earher of intants™ looking revealed that infants with pets
looked more at the heads. but this analysis of the transitions
involving heads revealed that they were more likely 0 be com
paring ammals while they did so. This did not necessartly need o
be the case: infants with pets may have spent longer looking at
heads when they fixated them. and at the same time the two groups
may have had simular numbers of transiions mto or out of the
head. There was no significant eflect of peak look. F(1. 34)
1.46.

This analysis revealed two significant interactions: The Pet x
Peak Look interactiion was very close o signihicant, £(1. 34) =
4.0, p = .052, ﬂf, = .11, and the Trial Type » Pose = Pet Group
interaction was significant, Fil. 34) = 7.23. p = 0L n} = .18,
Frgure SB. Finally. the Pose > Pet Group > Peak Look interaction
was marginal. F(1. 34) = 3.2, p = 083, n} = .09.

To further examuine these interactions, we conducted separate
ANCOVAs on infants with and without pets (since all three
interactions involved pet groupy. With respect o the Pet » Peak
Look interaction, we found that intants withowr pets had a main
effect of peak look. F(1. 15) = 6.13. p = .03.m3 = .29. while those
with pets had no significant effect of peak look, F(1. 191 = 0.16.
For infants without pets. peak look was positively correlated with
the transttions tnvolving the head. » = .54, Here. lor intants with
hackground knowledge. attentional style made hittle difference as
they were already making many transitions to the head: in contrast.
intants with little famihanty were able o partially compensate 1f
they were short lookers.

The Trial Type » Pose » Pet Group interaction (Figure 5B).
however, suggests differences as a tunction of simulus character-
istics. The no pet group showed no significant main effects or
mteractions with trial type or pose. In contrast. the pet group
showed a signihicant effect of pose, Fil. 19) = 495, p = 038,
'n% = .21 and a signihicant interaction of trial type and pose,
F(1. 19) = 519, p = .03, n} = .21, suggesting an effect of
stimulus charactenstics tor infants with experience. As shown in
Frgure 5B, tor the infants with pets, there as a large effect of pose
when the trial featured the same animals, 1(20) = 333, p = (003,
« = 073, with the most transiions mvolving the head when the
ammals were 1n the same pose. However, there was noellect when
the animals differed. r == 1. This finding implies that infants with
pets were strongly likely to be comparing ammals on the basis of

* Note that we did not conduct an analysis on just those transitions from
one head region to the other. Such transitions were relatively infrequent.
making it difficult to interpret the results obtained from such an analysis.
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Figure 4 Proportion of within-animal transitions as a function of pet
group and peak looking (dichotomized with a median split). Error bars
represent =1 standard error computed relative to the subjects in a given
Pet > Look Group. across all of the within-subject factors.

heads for perceptually challenging nonalignable pairs that were 1n
the same category.

Discussion

These results provide significant understanding 1into relations
among infants™ experience with pets, general attentional strategies,
and visual inspection ol animal stumul. Our predictions about the
relaton between prior knowledge and attentional control were
supported. suggestng that differences 10 expernence and prior
knowledge contribute to ditferences in in the moment learning
strategies or processes (Figure 1D: Pathway 4).

First. we found that infants™ adaptive control of attention di
rected to the most relevant features of the stmuli (for animals, the
head regions: Quinn & Eimas. 1996) was related o their pre
existing knowledge and experience. Infants with pets were more
biased 1o look at the heads than were infants without pets. They
spent a greater proportion of their looking tme on the head. and
more of their transitions between animals involved at least one
head. Previously, Quinnet al. (2000) observed a head bias in 6 (©
7 month old infants without prior pet experience: Hurley and
Oakes (2013) found that 4 month old infants with and without pets
preferred looking at the head regions, though the bias was stronger
for infants who had pets at home. The present study extends these
findings by showing that infants are biased toward head regions
when presented with pairs of animals and that the bias does not
vary whether the animals are from the same or different categories.
[n addition. by examining not only infants™ overall looking dura
tions but also their transitions between animals, we observed that
this head bias can be observed when infants move their glance
from one animal o another. We also once again demonstrated that
the head bias is stronger in 4 month old infants with pets. This
finding fills a crucial missing gap suggesting that infants can bring
hackground knowledge t© bear on attentional deployment when
comparing stimuli, a process that has been found to factlitate early
categorization {Kovack Lesh & Oakes. 2007: Oakes & Ribar.
2005).

Moreover., the present results indicate that infants with pets were
better able to adaptively modulate their attentional strategies (o
factlitate learning about these stimuli. Not only did infants with
pets show a stronger bias o look at the heads than did infants
without pets. but they adjusted their scanning strategy 1n response
to differences n the stimuli. When two items from the same
category were more difficult o compare (1.¢.. they were in differ
ent poses). infants with pets showed a dramatic increase in the
proportion of their transitions that involved head regions, perhaps
because focusing more attention to the informative head regions
may have factlitated detecting similarities and differences in this
challenging stumulus context. In contrast. infants without pets did
not adjust their scanning pattern in response o differences in the
stimuli.

A similar (inding was observed in overall proportion of leoking
to the head. where when animals were 1n different poses {the most
challenging situation). infants devoted more looks to the head.
However, here while pet familiarity did not play a role. the

0.9

0.8

B Short Looker
O Long Looker

Proportion Transitions Involving Head

No Pet

09

08
OSame

07 - ODifferent

0.3

Proportion Transitions Involving Head

0.2
Same Animals |Different Animals Same Animals | Different Animals

No Pet Pet

Figure 5 Proportion of transitions involving the head: (A) as a function
of pet group and peak look (median splity and (B) as a function of pet
group, pose, and trial type. Error bars are =1 standard error computed

across subjects within the cell being displayed.
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relatively less advanced long lookers were less hikely (o show this
ellect (and did not show 1t at all tor ditferent ammals).

The differences 1n how adaptively learners approach a new
sttuation 1s a hallmark ol leaining to learn (Adolph, 2008). Learn
ers who have not simply acquired a situation specthic strategy but

who have learned strategies for learning about a particular Kind of

situation, stimuli, or context will adapt their learning strategy in
the face of variation in the sitwation. stmuli. or context. The
present results are consistent with the notion that by the age of 4
months. daily experience with pets has induced this learning pro
cess in infants and that more attentionally advanced infants (with
or without pets) may show dilferent adaptations.

Our second prediction was that when faced with competition for
attention. infants with prior knowledge would be better able o
maintain looking at one stimulus and inhibit responding o the
competitor. This is precisely what we observed. Infants with pets
were more likely than infants without pets to continue inspecting
one animal, 1gnoring the other one. suggesting they could better
maintain their attention to the amimal currently being inspected. In
contrast. infants without pets appeared to be more distracted by the
presence of the other animal and were unable to inhibit shilting
thetr glance between the two. It is interesting that we found the
same elfect for peak look. indicating that more sophisticated short
lookers were also better able to inhibit responding to distraction.
consistent with previous work suggesting that such resistance
increases with development (Colombo et al., 199 1: Freeseman et
al.. 1993: Jankowski et al., 2001; Rose et al.. 2003). These (wo
factors did not interact. however. indicating that the variables have
independent relations with this aspect of attentional control.

These findings are important given that in general, over the first
postnatal year infants” attention 1s less driven by exogenous stim
ulus factors and increasingly controlled by endogenous factors
(Oakes et al.. 2002; Rufl & Rothbart, 1996), a developmental
change typically attributed to neuroanatomical changes in frontal
brain regions (M. H. Johnson. 2005). Our results suggest addi
tonal potential mechanisms for developmental change in such
mhibitory control: increased hackground knowledge about or fa
miliarity with a stimulus class may allow more endogenous control
over attentional focus and less control by exogenous factors {in
this case. the presence of an attractive simulus). Indeed. infants’
ability o maintan attention o a fixated stimulus, ignoring a
distracting stimulus, is related o features of that fixated stimulus
(Blaga & Colombo, 2000; Oakes et al.. 2002; Peltola et al.. 2008).

Note that in this study. we observed few interactions between
pet group and peak look—in most analyses, these two variables
were independently related to infants™ looking behavior. The only
hints that the two variables may have a joint relation to infants’
looking behavior were 1n the proportion of transitions between
animals that involved the head. For infants without pets. but not for
infants with pets. longer peak look during the pretest was assoct
ated with higher proportion of transitions involving the head.

AL first glance, this lack of overall Pet Group » Look Group
interaction seems to conflict with previously reported findings
suggesting interactions between attentional style and previous
knowledge. For example. Kovack Lesh et al. (2008, 2012) ob
served that infants who were more effective learners had both high
levels of between animal switching and relevant pet experience.
However, there are significant differences between the procedures
used 10 those investigations and the procedure used here. These

prior studies presented infants with pairs of items all from the sasie
category. whereas in the present experiment infants saw trials with
items [rom two different calegories and a mixture of same

category and different category pairs. Such differences may elicit
different kinds of comparison strategies, as infants likely learn
different things in these two contexts. Presentation with a series of
pairs of animals from the same category may induce infants ©
learn about the categary. cuing effective learners o engage in
more comparison. In contrast, presentation of different types of
animals from trial to trial, not to mention trials with two different
types of animals presented side by side. may induce infants to learn
about the individuals, cuing effective learners o [ocus on one item
at a ume. Comparison may actually inhibit learning about the
individual items. and infants may be more effective at learning in
this context if they maintain their attention o one item in the pair
(see Gentner & Namy, 1999, for a discussion about how compar

ison induces recognition of commonalities between items). Con

sistent with this speculation. Ruff (19735) observed that infants
shifted more between two similar stimuli than between two dif

ferent stimuli. In the present context—in which the types of
animals, types of pairs varied from trial (o trial—the most effective
strategy for learning about the individual animals may have been
o maintain attention to one animal. inhibiting responding to the
other.

A more intriguing explanation for the lack of any Pet Group x
Look Group interactions like those seen in Kovack Lesh et al.
(2008, 2012) is that these previous studies measured learming
autcomes, while the present study focused on artentional ceploy
ment auring learning. The previously observed effect of pet fa
miliarity and attentional style on learning likely is not entirely
driven by how infants deploy their attention: rather. infants with
pets who show frequent switching during learning may actually
learn more from each fixation. In general, short lookers may be
used to picking up information from shorter fixations, and they
may be particularly good at it when it is 10 a familiar domain. This
would suggest that in addition to familiarity affecting attentional
control (Figure 6. Path 4)—and indirectly. learning (Path 2)—it
may also interact with the learning process itself, a pathway we
had not initially hypothesized (the new Path, 5). Clearly. these
conclusions are speculative at this point. but the results reported
here provide an important step in understanding these relations.

The present results also suggest some asscciation with atten
tional control independent of background knowledge. That is.

Attentional

Statistical
Properties
of Stimuli

Dishabituation /
Preference
Response

Figure 6. Final set of causal pathwavs relating stimulus properties, at-
tentional control, and the preference response.
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mnfants” peak look length in an unrelated task was related o their
mnspection of these stumuli. Shorter peak ook length during pretest
was associated with devoting a greater proportion of looking (o the
mtormative head regions and a higher proportion of transitions
within a single animal. These effects are consistent with the
conclusion that short looking in this pretest reflects more sophis
ticated attenuonal skills (e.g.. Colombo et al., 19912 Jankowskr et
al.. 2001: Rose et al., 2003). Thus, some aspects of in the moment
learning appear © be independent ol relevant experience and
reflect general differences 1n how nlants approach learning 1n
such tasks (Figure 1C, Pathway 2).

These differences in inspection strategies are important because
such differences likely reflect or cause differences in learning.
Recall that Amso et al. (2010) and 5.P. Johnson et al. (2004) both
found that scanmng patterns during learning were related o what
infants learned. Similarly, Jankowski et al. (2001) manipulated
visual inspection strategies and causea differences in what was
learned: by encouraging long lookers to switch more frequently
during familian zation, they performed on a memory test like short
lookers. showing more robust memory for the lamihar stimulus.
Together. these studies point to the importance of understanding
differences 1n visual inspection strategies tor understanding ditfer-
ences 10 learning. Our results, then. suggest that these nspection
strategies may emerge from a complex set of developmental phe
nomena—the ongoing development ol general attentional strate-
gies and background knowledge about the stimuli used, as well as
the real-time effects of the perceptual properties of those stimuli.

Our results contribute o the hiterature showing how intants’
previous experience with animals or animal images can contribute
o their laboratory performance 1n tasks volving ammals as
stimult (Furrer & Younger. 2008; Kovack Lesh et al., 2008:
Kovack Leshet al.. 2012: Pascalis et al., 2005: Scott & Monesson.
2000, The present expenment suggests that such previous Lind-
ings may reflect changes over development in how infants visually
mspect these ammal images. Overall. we conclude the results that
akey difference between younger and older infants in general is
difference in experience—a 6 month old infant has more experi
ence than a 4-month-old infant with dogs, faces. and so on. Indeed,
one speculation about age related differences in face processing in
mtancy 1s that such differences reflect a narrowing or spectiicity in
perception that arises from experience {e.g. Kelly et al.. 2005).

Although critically important demonstrations, conclusions about
the role ol experience 1n such experniments are only speculative
hecause age differences are confounded with many other changes.
mncluding physical. neuroanatomical. and motor changes. Yet.
studies of development typrcally use age as a proxy tor differences
in experience., developmental level. and learning. employing cross

sectional designs 1o uncover age-related dilterences in aspects of

cognitive ability (e.g.. Kelly et al., 2005: Oakes & Ellis, 2013:
Oakes & Ribar. 2005: Pascalis et al.. 2005). In this study. we used
differences in experience as a proxy tor developmental change. By
evaluating two groups of infants who were the same age and who
did not difter on an assessment ol general visual attentton. we
could evaluate the relatton between one aspect of expertence and
infants” visual attention to simuli related to that experience. Thus,
the present design. in which age 1s held constant and experience 1s
varied, 1s an important complementary approach o understanding
the development of these processes.

In summary. these results add o our understanding of the tactors
that contribute 1o infants” learning. By examimng the association
between expenence, and individual dilterences in attentional strat-
egies, and infants” visual inspection of simul, we gainmsight into
how such factors are related to therr sampling of information about
those sumul. In future studies, researchers can directly assess
whether those samphlng difference map onto differences 1n the
products ol learmng. In the meantime. we have evidence that not
only dothe products of learmng vary with such factors but that the
strateges infants employ when actively explorng new stmuli
reflect differences n their experiences with simular stmult and
thetr general attentional strategres.
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