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Abstract

The present study examined whether the developmental transition from facilitation-based 

orienting mechanisms available very early in life to selective attention orienting (e.g., inhibition of 

return, IOR) promotes better learning and memory in infancy. We tested a single age group (4-

month-olds) undergoing rapid development of attention orienting mechanisms. Infants completed 

a spatial cueing task designed to elicit IOR, in which cat or dog category exemplars consistently 

appeared in either the cued or noncued locations. Infants were subsequently tested on a visual 

paired comparison of exemplars from these cued and noncued animal categories. As expected, 

infants showed either facilitation-based orienting or the more mature IOR-based orienting during 

spatial cueing/encoding. Infants who demonstrated IOR-based orienting showed memory for both 

specific exemplars and broader category learning, whereas those who showed facilitation-based 

orienting showed weaker evidence of learning. Attention orienting also interacted with previous 

pet experience, such that the number of pets at home influenced learning only when infants 

engaged facilitation-based orienting during encoding. Learning in the context of IOR-based 

orienting was stable regardless of pet experience, suggesting that selective attention serves as an 

online learning mechanism during visual exploration that is less sensitive to prior experience.
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Attention and memory are inherently linked but is the development of selective attention 

orienting a catalyst for change in learning and memory efficacy? Attention orienting 

influences what information is selected for learning and memory (Ross-Sheehy, Oakes, & 

Luck, 2011; Wu, Gopnik, Richardson, & Kirkham, 2011; Wu & Kirkham, 2010) and 

orienting to a target while simultaneously suppressing distraction affects how well 

information is learned and remembered (Markant & Amso, 2013, 2014). The present study 

examined the latter mechanism and the hypothesis that the development emergence of 

selective attention orienting is an agent of change in the efficacy of learning and memory 

during infancy. We addressed this question by focusing on a single age group (4-month-

olds) undergoing marked development of attention orienting mechanisms (Amso & Johnson, 

2008; Butcher, Kalverboer, & Geuze, 1999; Hood, 1993; Johnson & Tucker, 1996; 
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Richards, 2000). Thus, we were able to hold age constant while examining differences in 

learning and memory that are associated with the emergence of attention selection via 

suppression.

Attention orienting has been studied in infancy and across development using the spatial 

cueing task (Posner & Cohen, 1984; Posner, 1980). In this task, participants covertly orient 

to brief peripheral cues resulting in engagement of attention at the cued location. The cue is 

followed by targets appearing in either the same cued location or in the opposite, noncued 

location. When the cue-to-target delay is short (< 250 ms), attention orienting benefits from 

the already existing attention engagement at the cued location, an effect known as 

facilitation (Posner & Cohen, 1984). Facilitation-based orienting is evident among very 

young infants (Butcher et al., 1999; Johnson & Tucker, 1996). When the cue-to-target delay 

is extended (> 250 ms), the cued location becomes suppressed and attention is biased to the 

noncued location, an effect known as inhibition of return (IOR) (Posner, Rafal, & Choate, 

1985). Unlike orienting powered by facilitation at the cued location, IOR-based orienting 

involves an attention bias to a target location that is paired with suppression at the 

previously cued location, which has classically been viewed as a mechanism that promotes 

orienting to novel locations in visual search (Klein & MacInnes, 1999; Klein, 1988, 2000).

Visual exploration is a powerful information-gathering tool early in postnatal life. Selective 

attention results in improved quality of early vision, including enhanced contrast sensitivity 

and acuity for attended information (Carrasco, 2011, 2013). Extensive previous research has 

established that selective attention involves enhanced processing at the attended location and 

simultaneous distractor suppression, which together resolve visual noise and shift the 

balance such that there is a perceptual enhancement at the attended location and the attended 

object is seen better (Carrasco, 2011; Desimone & Duncan, 1995; Kastner & Ungerleider, 

2000). However, as we execute successive eye movements during visual search and 

exploration, a lingering attentional trace remains at the previously attended (cued) location 

(Golomb, Nguyen-Phuc, Mazer, McCarthy, & Chun, 2010; Golomb, Pulido, Albrecht, 

Chun, & Mazer, 2010), which could potentially interfere with encoding of information at the 

currently attended location. Previous work examined whether target encoding in the context 

of suppression at the previously attended location (i.e., IOR) would result in a more robust 

signal for learning and memory processing relative to encoding contexts that did not involve 

this interference suppression (i.e., facilitation) (Markant & Amso, 2013, 2014). Consistent 

with these ideas, results showed that target objects encoded in the context of IOR-based 

attention orienting were remembered better at test than target objects encoded in the context 

of facilitation-based attention orienting, which showed no memory benefit beyond that 

observed at baseline without attention orienting (Markant & Amso, 2013, 2014). This was 

true at multiple ages and despite identical task demands except for the delay length between 

covert orienting to the cue and the overt eye movement to the target.

The selective attention mechanisms that allow for suppression of competing information 

during orienting (i.e., IOR) develop between 4 and 6 months of age (Amso & Johnson, 

2008; Butcher et al., 1999; Hood, 1993; Johnson & Tucker, 1996; Richards, 2000). Prior to 

this age, attention orienting is primarily driven by simpler facilitation-based orienting 

mechanisms that drive infants’ attention to arousing or perceptually salient information 
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(Butcher et al., 1999; Johnson & Tucker, 1996; Posner, 2001). The natural question is 

whether this transition from relying on facilitation-based orienting mechanisms to orienting 

mechanisms that engage suppression (i.e., IOR) improves the efficacy of infants’ encoding 

and subsequent recognition memory. Although previous work has documented enhanced 

learning in the context of IOR-based orienting relative to facilitation-based orienting among 

9-month-old infants and children (Markant & Amso, 2013, 2014), these older groups were 

all capable of robust IOR-based orienting, making it difficult to address whether the 

emergence of IOR-based orienting mechanisms promotes more effective learning and 

memory during early development.

We examined this question through the lens of infants’ learning and memory for cat and dog 

categories. Previous work has shown that 3- to 4-month-old infants can form unique 

categories for cats and dogs (Oakes & Ribar, 2005; Quinn, Eimas, & Rosenkrantz, 1993). 

Mareschal and colleagues (French, Mareschal, Mermillod, & Quinn, 2004; Mareschal, 

French, & Quinn, 2000; Mareschal & Quinn, 2001) have shown that the primary differences 

in feature distributions that distinguish cats and dogs are found in the face and head region 

(e.g., spacing of the ears), making the head region diagnostic during learning of cat and dog 

categories. By 4 months of age infants preferentially look at the head region relative to non-

head/body regions when viewing images of cats and dog, suggesting that they have formed 

an attentional bias favoring the diagnostic head region by this age (Hurley & Oakes, 2015; 

Quinn, Doran, Reiss, & Hoffman, 2009). Furthermore, information from the head region, 

but not the body, was critical for successful cat/dog category learning at this age (Quinn & 

Eimas, 1996), particularly when the familiarization period was short (Spencer & Quinn, 

1997) and even when the internal facial features were absent and only the silhouette of the 

head was available (Quinn, Eimas, & Tarr, 2001).

The attentional bias in favor of the diagnostic head region is further modulated by infants’ 

prior experiences with pets. Although all infants show a bias to look at the head region by 4 

months of age, this bias was stronger for infants who had experience with pets at home 

(Hurley & Oakes, 2015; Kovack-Lesh, McMurray, & Oakes, 2014). Moreover, this effect of 

pet experience is specific to cat/dog images, as there was no difference in looking to 

diagnostic regions of human faces or vehicles across infants with and without pets (Hurley 

& Oakes, 2015). Pet experience was similarly related to 6-month-old infants’ looking 

patterns, as infants with pets at home showed longer look durations and more frequent 

glances between two paired cat/dog images (Hurley, Kovack-Lesh, & Oakes, 2010). 

Additional work has shown that infants’ previous experience with pets interacts with their 

online attentional biases and looking patterns to influence learning of cat and dog categories. 

Specifically, Kovack-Lesh and colleagues found that 4-month-old infants’ learning about 

images of cats was influenced by both their previous experience with pets and their looking 

patterns during familiarization, including the frequency with which they looked back and 

forth between two paired images (Kovack-Lesh, Horst, & Oakes, 2008; Kovack-Lesh et al., 

2014; Kovack-Lesh, Oakes, & McMurray, 2012). Specifically, infants who had pets at home 

and also showed high levels of shifting gaze during familiarization were the only group who 

showed successful learning; those who did not have experience with pets or showed low 

shift rates did not learn about the cat images presented during familiarization (Kovack-Lesh 
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et al., 2008, 2012). Thus, pet experience may serve to enhance the attentional bias favoring 

the diagnostic head region and potentially induce changes in information-gathering/scanning 

strategies in support of category learning (Hurley & Oakes, 2015).

In the present study we asked 1) whether the emergence of attention orienting mechanisms 

involving suppression (i.e., IOR) promoted more effective cat/dog category learning among 

4-month-old infants, and 2) whether the nature of the underlying orienting mechanism 

interacted with infants’ prior pet experience to influence successful category learning. In the 

spatial cueing/encoding phase, 4-month-old infants saw cat and dog exemplars presented 

either in the cued or noncued locations with long cue-target delays intended to elicit IOR 

(Markant & Amso, 2013). After the initial spatial cueing phase, infants saw four visual 

paired comparison test trials, each with exemplars from the cued and noncued animal 

categories on either side of the screen. We paired familiar exemplars from the cued (e.g., 

dog) and noncued categories (e.g., cat) in one test trial to examine item memory, and novel 

exemplars from the same categories in a separate test trial to examine broader category 

learning. Our predictions were as follows: First, we predicted that 4-month-old infants 

would show either facilitation-based orienting or the more mature selective attention IOR-

based orienting during spatial cueing/encoding. The cue-target delay was very long (1 sec) 

and as such should elicit IOR in infants (Markant & Amso, 2013; Richards, 2000), if infants 

have developed the more mature attention mechanisms supporting IOR. Faster orienting to 

the cued relative to noncued locations would indicate that infants relied on the less mature 

facilitation-based orienting mechanism that benefits from attention engagement at the cued 

location (Johnson & Tucker, 1996; Richards, 2000). Thus, for these infants attention was 

biased to the cued location, which should support learning of exemplars presented in that 

location. In contrast, slower orienting to the cued location relative to the noncued location 

(i.e., IOR) reflects suppression at the cued location during the long delay and a subsequent 

attention bias to the noncued location, which should support learning of exemplars presented 

in the noncued location. Thus we expected that infants would learn best from the location of 

their attention bias. Our primary prediction was that learning from this attention bias, and 

subsequent memory, would be enhanced in the context of IOR-based orienting relative to 

facilitation-based orienting. Although we differentiate infants who showed facilitation 

versus IOR to consider the underlying mechanisms driving their orienting behavior, the 

majority of our analyses treated the spatial cueing score as a continuous variable.

We secondarily examined whether pet ownership interacted with the development of 

attention orienting mechanisms in contributing to infants’ learning of cat and dog categories. 

Consistent with previous research showing that pet experience interacted with online 

looking patterns during familiarization to influence learning (Kovack-Lesh et al., 2008, 

2014, 2012) we predicted that the influence of pet experience on cat/dog category learning 

may depend on the nature of the attention orienting mechanism (i.e., facilitation vs. IOR) 

that was engaged during encoding. We presented infants with paired novel animal category 

exemplars at test from both the cued and noncued categories. In this case, the test items 

consisted of only the head region or only the body region, as previous research indicated that 

infants with pet experience show a stronger bias to attend to the diagnostic head region 

(Hurley & Oakes, 2015; Kovack-Lesh et al., 2014). We addressed the possibility that 
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experiential variables buffer learning and memory when attention orienting mechanisms are 

immature, or facilitation-based, but that selective attention allows for learning from the 

diagnostic head information for subsequent memory even in the absence of pet experience.

Method

Participants

The final sample included thirty-nine 4-month-old infants (15 M, 24 F; MAge = 4 months, 12 

days, SD = 10.26 days, range = 3 months, 25 days – 5 months, 11 days). Thirteen additional 

infants were tested but excluded due to fussiness (10) or lack of attention to the stimulus 

display (3). Parents reported that 71.8% of participants were Caucasian, 10.3% were 

African-American, 10.3% were Asian, and 7.7% were Hispanic.

Pet Experience

We assessed infants’ previous pet experience by asking parents whether they had any cats or 

dogs at home. Twelve families (31% of the sample) reported that they did not own any pets. 

The remaining 27 parents who did own pets were further asked to indicate how many and 

whether they owned cats, dogs, or both cats and dogs. Fifteen families reported that they 

owned 1 pet, 7 families owned 2 pets, 4 families owned 3 pets, and 1 family owned 5 pets. 

Of the families that owned pets, ten owned at least one dog, 13 families owned at least one 

cat, and four families owned at least one cat and one dog.

Eye tracking apparatus

We recorded eye movements using a remote eye tracker (SensoMotoric Instruments 60 Hz 

RED system). Infants sat on their parent’s lap 70 cm from a 22” monitor. A digital video 

camera (Canon ZR960) recorded infants’ head movements and allowed for online coding 

during the test phase. The video output was also recorded as a digital file.

Stimuli were presented using the SMI Experiment Center software. We used a 2-point 

calibration and 4-point calibration accuracy check protocol. Average deviation was 3.5° (SD 

= 2.1°). The digital eye recording was used for offline coding of left/right eye movements if 

an accurate calibration/stable point of gaze (POG) was not obtained. To confirm the 

accuracy of these data, reliability between coded and POG data was calculated for a subset 

of videos for infants who had successful eye movement recordings, R > .95, p < .01.

Stimuli

The task consisted of a spatial cueing/encoding phase followed by a subsequent memory test 

phase (see Figure 2). For the spatial cueing/encoding phase, stimuli included a central 

fixation, a cue, and a set of target objects (abstracts objects or faces). The fixation shape was 

a purple × (3.5 cm2) that rotated in the center of the display to engage infants’ attention. The 

cue was a yellow ring (2.5 cm diameter). The cue and targets appeared 10° (12.1 cm) to the 

left or right of the fixation. Targets were 7.1 cm2 color images of cats and dogs drawn from 

a set of 14 unique cat images and 14 unique dog images (see Figure 1A and B). These cat 

and dog images were selected to include a range of breeds, colors, and body positions (i.e., 

face view or profile view).
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Test stimuli included four cats and four dogs (Figure 1C). One cat and one dog were drawn 

from the set of stimuli that infants viewed during the spatial cueing/encoding phase 

(Familiar Exemplars). The remaining stimuli were novel cat and dog images that had not 

previously been seen by the infants. All infants saw the same cat and dog stimuli at test.

Procedure

Spatial Cueing/Encoding—The task included a spatial cueing/encoding phase followed 

by a subsequent memory test. The initial spatial cueing phase included 56 trials (see Figure 

2A for an example trial). Each trial began with presentation of the central fixation for 1100 

ms, followed by presentation of the peripheral cue for 100 ms and a subsequent 1000 ms 

delay period in which only the fixation stimulus was visible. A 1000 ms delay between cue 

offset and target onset would be sufficient to elicit IOR among older infants and adults 

(Johnson & Tucker, 1996; Klein, 2000). Indeed, previous versions of the spatial cueing task 

with 9-month-olds elicited IOR with a 600 ms delay interval (Markant & Amso, 2013). 

After this delay period the target cat/dog stimulus appeared in either the cued or noncued 

location and remained visible for 1500 ms.

An equal number of cued and noncued targets were presented in random order. Infants were 

randomly assigned to one of two conditions: in the ‘Noncued Dog’ condition, dogs were 

presented in the noncued location and cats were presented in the cued location. Conversely, 

in the ‘Noncued Cat’ condition, cats were presented in the noncued location and dogs were 

presented in the cued location. For each infant, the fourteen unique dogs and fourteen unique 

cats were used as category exemplars (each 7.1 cm2 on the screen). Each category exemplar 

was randomly presented once on the left and once on the right during encoding. Thus, every 

infant received 2 trials for each cat exemplar, 2 trials for each dog exemplar and a total of 28 

cued trials and 28 noncued trials. For example, an infant in the Noncued Dog condition saw 

each of the 14 dogs in Figure 1B appear twice in the noncued location and each of the 14 

cats in Figure 1A appear twice in the cued location. Conversely, an infant in the Noncued 

Cat condition saw each of the cats appear in the noncued location twice and each of the dogs 

appear in the cued location twice.

Test—After the spatial cueing phase, infants saw four paired comparison test trials. On 

each test trial, an exemplar from the previously cued category was paired with an exemplar 

from the previously noncued category. There were four trial types at test (Figure 2B). 

During Familiar test trials, we examined infants’ learning of the specific exemplars seen 

during encoding by presenting a familiar exemplar from the cued and noncued categories. 

During Novel test trials, we examined infants’ learning of the broader cat/dog categories by 

presenting a new exemplar from the cued and noncued categories. Finally, we also examined 

whether infants primarily relied on information from the head region during learning of the 

cat/dog categories. To do so, we included two additional test trials: During Head-Only test 

trials, infants saw a new exemplar from the cued and noncued categories that included the 

animals’ heads from the neck up and removed all body information. Conversely, during 

Body-Only test trials, infants saw a new exemplar from the cued and noncued categories that 

included only the animals’ bodies from the neck down. Unique novel cat/dog stimuli were 
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used for the Head-Only and Body-Only test trials. The order of trial type presentation was 

counterbalanced across participants.

Each paired comparison test display was presented for 10 s. Look durations were validated 

offline.

Preliminary data processing

Eye tracking measures—Our primary variables of interest for the spatial cueing phase 

were saccade latencies and duration of looking to the targets. Initial processing of the eye 

movement data utilized the SMI BeGaze analysis software. Three areas of interest (AOIs) 

were identified based on the central, left, and right stimulus locations. These AOIs were 

equivalent 9.7 × 14.2 regions over each of these locations. Usable looks were defined as 

segments of the data in which the POG remained within 7.1 cm2 (the size of the target) for at 

least 100 ms. This dispersion criterion was less than a third of the distance between the 

opposing target locations (24 cm/20°), allowing us to maximize usable data while clearly 

identifying left/right looks. Saccade latencies were based on the time when a look first 

entered the AOI. Duration of looking was computed by summing the duration of all looks 

that occurred within the AOI following target onset.

Saccade latency calculation—We sought the cleanest possible measure of spatial 

cueing from each infant, given the importance of the Spatial Cueing score (and whether it 

indicates facilitation- or IOR-based orienting) to our investigation. Thus, for each infant 

individual trials were excluded for the saccade latency calculation if the infant looked at the 

cue prior to target onset (M = 9.7 trials, SD = 6.5 trials), looked away from the screen before 

looking at a target (M = 16.3 trials, SD = 7.6 trials), or if POG data was unavailable (M = 6.5 

trials, SD = 6.8 trials). We anticipated these high rates of data exclusion (M = 32 trials 

overall, SD = 8 trials) because of the young age of the sample. However, given the large 

number of encoding trials (a total of 56 trials) spatial cueing effects were computed based on 

an average of 24 trials (SD = 8) per infant even after these exclusions.

Spatial cueing scores—We selected this age group because we anticipated that there 

would be wide variation in orienting responses and predicted that infants who showed 

evidence of emerging IOR would demonstrate enhanced learning relative to those who 

showed facilitation. To determine whether infants showed facilitation versus IOR, we 

generated a Spatial Cueing score for each infant by subtracting their mean response latency 

to targets appearing in the noncued location from their mean latency to targets in the cued 

location. Negative Spatial Cueing scores reflect faster response times to the cued location 

(i.e., facilitation), whereas positive Spatial Cueing scores reflect faster response times to the 

noncued location (i.e., IOR).

Test—For each test trial, we computed the proportion of total looking time to each of the 

category exemplars by dividing the sum of all looks to the exemplar by the total duration of 

the trial. Proportion of looking time was computed separately for the cued and noncued 

exemplars for each of the four test trials. All test data were included in the analyses.
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Results

Spatial Cueing/Encoding Phase

As anticipated, there was a great deal of variability in infants’ Spatial Cueing scores, as 

individual Spatial Cueing scores ranged from −135.58 ms to 192.20 ms (see Figure 3). 

Infants were considered to show facilitation, with an attention bias to the cued location, if 

their Spatial Cueing score was > 1 SEM (10.15 ms) below zero (N = 14 infants; 36%). 

Similarly, infants were considered to show IOR, with suppression at the previously cued 

location and an attention bias to the noncued location, if their Spatial Cueing core was > 1 

SEM above zero (N = 17 infants; 44%). The remaining infants (N = 8; 20%) had Spatial 

Cueing scores around zero and were considered to show neither facilitation nor IOR. 

Despite this variability, Spatial Cueing scores were not correlated with Age (r(39) = .01, p 

= .972), proportion of trials excluded during encoding (r(39) = .15, p = .366), or the duration 

of looking to the targets during encoding (r(39) = −.14, p = .383). Analysis of infants’ eye 

movement latencies indicated that, due to the expected individual differences in facilitation 

and IOR in this age group, there was no overall spatial cueing effect at the group level 

(MCued = 433.48, SD = 117.94 ms; MNoncued = 428.20, SD = 109.52 ms; F(1,38) = 0.27, p 

= .606). Paired t-tests indicated that the group of infants showing facilitation were reliably 

faster to the cued location relative to the noncued location (Mcued = 373.35, SD = 79.16 ms, 

Mnoncued = 429.31, SD = 104.51 ms, t(13) = −5.20, p < .000). Conversely, the group of 

infants who showed IOR were reliably faster to the noncued location relative to the cued 

location (Mcued = 486.16, SD = 127.93 ms, Mnoncued = 428.70, SD = 96.51 ms, t(16) = 5.25, 

p < .000).

Paired Comparison Memory Test

Memory test trials were designed to examine proportion of looking times to animal category 

exemplars as a function of the location in which they appeared during the spatial cueing/

encoding phase. Recall that 4-month-old infants saw both cat and dog categories, but they 

were presented either in the cued or in the noncued locations during spatial cueing/encoding. 

The omnibus ANCOVA examined Target Location at spatial cueing/encoding (cued, 

noncued) and Test Trial Type (familiar exemplar, novel exemplar, Head-Only novel 

exemplar, Body-Only novel exemplar) as within-subject factors and Animal Condition (i.e., 

whether infants had been in the Noncued-Dog vs. Noncued-Cat condition during encoding) 

as a between-subjects factor. We also included three continuous variables in the model, 

including 1) Age, 2) Duration of Looking (i.e., the mean duration of looking at the targets 

during encoding), and 3) Spatial Cueing Score. The continuous variables were centered, as 

in regression, by subtracting the mean value of the variable from each participant’s raw 

score. The omnibus ANCOVA resulted in only a significant three-way Target Location × 

Test Trial Type × Spatial Cueing Score interaction (F(3,102) = 2.90, p = .039, ηp
2 = .08). 

There were no other reliable main effects or interactions (all ps > .09). In order to further 

probe the significant three-way interaction we conducted follow-up analyses that were 

designed to test our original predictions and were thus conducted separately for the whole 

animal test trials and Head/Body-Only test trials.
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Learning Whole Animal Exemplars

Our first prediction was that infants would best learn the exemplars presented in the location 

of their attention bias (i.e., the cued location for infants showing facilitation-based orienting 

and the noncued location for infants showing IOR-based orienting). Our next prediction was 

that 4-month-old infants who showed evidence of IOR-based orienting would show more 

effective learning and memory for exemplars presented in the location of their attention bias 

(indicated by proportionally less looking at the exemplars presented in the noncued location) 

relative to those who showed evidence of facilitation-based orienting. We examined infants’ 

proportion of looking to the familiar and novel whole-body exemplars from the cued and 

noncued location categories using repeated-measures ANCOVAs with category Target 

Location (cued, noncued) and Novelty (familiar, novel) as within-subject factors and Animal 

Condition as a between-subjects factor. We again included Age, Duration of Looking, and 

Spatial Cueing Score as continuous variables in the model. Results indicated a significant 

Novelty × Age interaction (F(1,34) = 4.41, p = .043, ηp
2 = .24), reflecting longer looking to 

the Familiar exemplars relative to the Novel exemplars among older infants (r(33) = .35, p 

= .04). Results also indicated a significant Target Location × Spatial Cueing Score 

interaction (F(1,34) = 10.90, p = .002, ηp
2 = .24). There were no other reliable main effects 

or interactions (all ps > .06). Importantly, the Target Location × Novelty × Spatial Cueing 

Score interaction was not significant (F(1,34) = 1.37, p = .251), indicating that this 

relationship was similar across the Familiar and Novel test trials that indexed memory for 

familiar exemplars seen during encoding and learning of the broader categories, 

respectively.

Recall that negative Spatial Cueing scores reflect faster response times to the cued location 

(i.e., facilitation), whereas positive Spatial Cueing scores reflect faster response times to the 

noncued location (i.e., IOR). We computed a difference score for each infant by subtracting 

their proportional looking to the noncued category exemplars from their proportional 

looking to the cued category exemplars. Positive scores indicated preferential looking to the 

noncued exemplars whereas negative scores indicated preferential looking to the cued 

exemplars. Partial correlations accounting for Animal Condition, Age, and Duration of 

Looking indicated that Spatial Cueing score was reliably positively related to this difference 

score (r(34) = .49, p = .002, Figure 4). Figure 4 shows that infants clustered into two groups. 

Four-month-olds who engaged the more mature IOR-based attention orienting mechanism 

had shorter looking times to category exemplars (familiar and novel) encoded in the 

noncued location. Four-month-olds who engaged the more immature facilitation-based 

orienting mechanism at encoding had shorter looking times to the cued items, relative to the 

paired items presented in the noncued location at encoding. These data demonstrate that 

both the facilitation and IOR orienting mechanisms supported learning at the individual 

level and thus confirmed our first prediction that infants would best learn the category 

information presented in the location of their attention bias.

We next dichotomized infants into two groups, those who showed facilitation (i.e., Spatial 

Cueing scores > 1 SEM below zero, N = 14) and those who showed IOR (i.e., Spatial Cueing 

scores > 1 SEM above zero, N = 17). Paired sample t-tests examining looking to the cued 

versus noncued locations during the memory test trials indicated that only the group of 
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infants who engaged IOR-based orienting showed reliably different looking to the exemplars 

from the cued versus noncued categories. Specifically, these infants showed reduced looking 

to the exemplars from the noncued category (M = .23, SD = .10) and greater looking to the 

exemplars from the cued category (M = .34, SD = .17; t(16) = 2.47, p = .025; Cohen’s dz = .

60), indicating greater learning of the noncued category during encoding. Infants whose 

Spatial Cueing score indicated facilitation-based orienting did not show a reliable difference 

at test (MCued = .27, SD = .16, MNoncued = .33, SD = .17; t(13) = −0.92, p = .374, Cohen’s dz 

= .25). As predicted, IOR-based orienting was shown here to be a more powerful learning 

mechanism at the group level for subsequent memory and categorization than facilitation-

based orienting.

Attention to Head and Body Features

Our final analysis was based on prior research showing that previous pet experience 

interacted with infants’ attention to the diagnostic head region during cat/dog category 

learning. We predicted that selective attention would support learning from the diagnostic 

head information for subsequent memory even in the absence of pet experience. We 

examined infants’ responses during the Head-Only and Body-Only test trials, in which 

infants saw novel exemplars from the cued and noncued categories that limited the features 

available for processing. To do so, we entered proportion of looking data into an ANCOVA 

with Target Location (cued, noncued) and Feature (Head-Only, Body-Only) as within-

subject factors, Animal Condition (cat, dog) as a between-subjects factor, and the same 

continuous covariates used previously, including Age, Duration of Looking, and Spatial 

Cueing score. We additionally included the number of pets in infants’ homes (‘Number of 

Pets’), and the Spatial Cueing Score × Number of Pets interaction into these analyses.

Results indicated a significant Target Location × Feature × Duration of Looking interaction 

(F(1,32) = 6.85, p = .013, ηp
2 = .18), which reflected a relationship between longer overall 

looking times during encoding and greater interest in the Head-Only item from the cued 

category (r(32) = .45, p = .008) and the Body-Only item from the noncued category at test 

(r(32) = .35, p = .04). However this effect did not interact with Spatial Cueing score, Animal 

Condition, or infant’s prior pet experience. Results from the omnibus ANCOVA also 

indicated a significant Target Location × Feature × Spatial Cueing Score × Number of Pets 

interaction (F(1,32) = 4.96, p = .033, ηp
2 = .13). Follow-up analyses revealed a significant 

Target Location × Spatial Cueing Score × Number of Pets interaction effect on responses to 

the Head-Only exemplars (F(1,32) = 5.11, p = .031, ηp
2 = .14, Figure 5A) but not Body-only 

exemplars (F(1,32) < .001, p = .986, Figure 5B). Partial correlations revealed that the Spatial 

Cueing Score × Number of Pets interaction term was positively related to looking to the 

exemplar from the cued (r(32) = .48, p = .005) but not noncued category (r(32) = −.19, p = .

275) during the Head-Only trial. We used simple slopes analyses to further examine the 

relationship between Number of Pets and looking to the Head-Only exemplar from the 

category presented in the location of the predicted attention-bias during spatial cueing/

encoding (i.e., the cued location for infants showing facilitation-based orienting, the 

noncued location for infants showing IOR-based orienting). Results revealed that the 

relationship between Number of Pets and looking to cued Head-Only exemplar was 

significantly steeper when infants showed facilitation (B = −0.14, SEM = 0.06; t(35) = 
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−2.37, p = .024) relative to the relationship between Number of Pets and looking to the 

noncued Head-Only exemplar when infants showed IOR (B = 0.02, SEM = 0.05; t(35) = 

0.49, p = .629). Figure 5A shows that the 4-month-olds who engaged more immature 

facilitation-based orienting relied on pet experience to learn items presented in the location 

of their attention bias, as indicated by shorter look durations to category exemplars encoded 

in the cued location among infants with a higher number of pets at home. Looking time to 

the Head-Only exemplars presented in the location of the IOR attention bias was stable 

among infants who showed IOR, regardless of pet ownership.

Discussion

We asked whether the development of selective attention orienting is an agent of 

developmental change in learning and memory. We focused on a single age group (4-month-

olds) undergoing rapid development of attention orienting mechanisms (Amso & Johnson, 

2008; Butcher et al., 1999; Hood, 1993; Johnson & Tucker, 1996; Richards, 2000). Our 

results showed that the transition from simple facilitation-based orienting mechanisms to 

more mature selective attention IOR-based orienting had implications for learning of 

information appearing in the attended locations. Positive spatial cueing scores, indicative of 

IOR, were related to shorter look durations at test to animal category exemplars presented in 

the attended, noncued location at encoding, indicating learning of the noncued category. 

This was true whether the test exemplar was a familiar or novel item from the familiar 

category, indicating that IOR-based orienting, supported both simple memory and broader 

category learning. In contrast, infants who had negative spatial cueing scores, indicative of 

facilitation-based orienting, showed weaker evidence of memory for familiar exemplars and 

category learning from information presented in the cued location. Although individual 

infants who showed the strongest facilitation-based orienting learned about the category 

appearing in the cued location, additional analyses indicated that the more basic facilitation-

based orienting was not strongly related to improvements in learning and memory at the 

group level. This finding extends previous work showing that IOR-based orienting 

supported enhanced encoding and recognition memory among older infants and children 

who were capable of robust IOR (Markant & Amso, 2013, 2014). The present data further 

show that the emergence of selective attention orienting mechanisms during early 

development promoted more effective learning and memory.

Additionally, individual differences in the orienting mechanism engaged during encoding 

interacted with infants’ prior experience with pets to impact category learning. Specifically, 

previous experience with pets influenced learning about the diagnostic head region, but only 

when basic facilitation-based orienting was engaged during encoding. It is important to note 

here that the spatial cueing/encoding phase included only whole animals. As such, test trials 

with Head- and Body-Only familiar category but novel-item exemplars were quite 

challenging and our data do not show strong group-level learning effects based on these 

features alone. Nonetheless, we did find differences in the relationship between pet 

experience and the attention orienting mechanism engaged during encoding. Infants without 

pets at home who engaged in facilitation-based orienting showed poorer learning of the head 

region of exemplars presented in the cued location during encoding, as indicated by longer 

looking times at test. However, looking times to novel Head-Only exemplars from the 
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familiar category decreased as a function of pet experience, indicating that experience 

bootstraps learning in the absence of a robust selection via suppression attention orienting 

mechanism. In contrast, the number of pets at home had little impact among infants who 

engaged suppression/IOR during encoding, as these infants showed the same level of 

learning about the head region regardless of their previous experience with pets.

The interaction between attention orienting mechanisms and prior experience with pets was 

specific to infants’ learning about the head region. This is consistent with prior research 

indicating that features of the head region are diagnostic in distinguishing cat/dog categories 

(French et al., 2004; Mareschal et al., 2000; Mareschal & Quinn, 2001) and that attention to 

the head region is critical for successful learning about these categories at 4 months of age 

(Quinn et al., 2001; Quinn & Eimas, 1996; Spencer & Quinn, 1997). Previous research has 

also shown that infants at this age were biased towards looking at the head region (Hurley & 

Oakes, 2015; Quinn et al., 2009) and that infants who had previous pet experience were 

more likely to allocate attention to the head region (Hurley & Oakes, 2015; Kovack-Lesh et 

al., 2014). In the present study, previous pet experience similarly modulated learning about 

the head region among infants who engaged in facilitation-based orienting during encoding. 

Moreover, the lack of any effects for the Body-Only test exemplars suggests that infants 

learned less about the animals’ bodies during encoding, further underscoring the important 

role of the head region during category learning at this age.

The present results are also consistent with previous work showing that individual 

differences in online attention processing interact with pet experience to influence 4-month-

old infants’ learning of cat/dog categories (Kovack-Lesh et al., 2008, 2014, 2012). In these 

studies infants’ prior experience with pets interacted with their specific looking patterns 

during familiarization, including the frequency of gaze shifts between two paired images 

(Kovack-Lesh et al., 2008, 2012) and the proportion of time spent looking at the head region 

(Kovack-Lesh et al., 2014). The present study extends this work by showing that infants’ 

prior experience with pets interacts not just with overt patterns of eye movements but also 

with the underlying, covert orienting mechanisms that support attention processing during 

encoding.

More broadly, these results are consistent with data showing that attention orienting 

mechanisms interact with both intrinsic and extrinsic factors to impact learning at multiple 

developmental time points. Previous research demonstrated that attention orienting 

mechanisms interacted with IQ to predict recognition memory among children and 

adolescents (Markant & Amso, 2014) and with parental socioeconomic status (SES) to 

predict recognition memory among 9-month-old infants (Markant, Ackerman, Nussenbaum, 

& Amso, under review). Specifically, IQ was the only predictor of recognition memory 

among children who engaged facilitation-based orienting during encoding. In contrast, IQ 

did not predict recognition memory among children who engaged IOR-based orienting 

involving distractor suppression during encoding; instead, the extent of suppression was the 

only predictor of recognition memory. Similarly, SES predicted infants’ recognition 

memory when they engaged in facilitation-based orienting during encoding, with infants 

from lower SES environments showing poorer recognition memory relative to those from 

high SES environments. However, this effect of SES was mitigated when infants engaged in 
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IOR-based orienting during encoding, as infants from low SES environments performed at 

the same level as those from high SES environments (Markant et al., under review). The 

present data indicating that infants’ prior pet experience influences learning in the context of 

facilitation-based orienting but not IOR-based orienting replicates this pattern and suggests 

that selective attention functions as a robust online learning mechanism during visual 

exploration. Together, this work suggests that prior to the emergence of selective attention 

mechanisms, infants’ learning is more dependent on frequent exposure to environmental 

features (e.g., experience with pets). This reliance on frequent or salient environmental 

features may be adaptive as it allows very young infants to clearly prioritize objects of value 

in their world. However, the development of more mature selective attention mechanisms 

allows for online learning that is less sensitive to frequency/salience but supports flexible 

learning across multiple contexts.

IOR has been classically studied as a mechanism that promotes novelty during visual search, 

as suppression at previously attended locations biases attention to novel, previously 

unexplored locations (Klein & MacInnes, 1999; Klein, 1988, 2000; Posner et al., 1985). Eye 

movement sequences during visual search and exploration are executed on a millisecond 

basis. During these sequences, each successive eye movement leaves behind a lingering 

attentional trace at the previously attended (cued) location (Golomb, Nguyen-Phuc, et al., 

2010; Golomb, Pulido, et al., 2010), which can interfere with encoding of information at the 

currently attended location. Previous work has shown that engaging an IOR-based orienting 

mechanism during encoding, which effectively suppresses the attention trace at the 

previously attended/cued location, supported enhanced encoding and subsequent recognition 

memory at 9 months of age, during childhood and adolescence, and in adulthood (Markant 

& Amso, 2013, 2014; Markant, Worden, & Amso, 2015). The present results add to this 

work by demonstrating that 4-month-old infants who engaged the more mature IOR-based 

orienting during encoding showed more robust category learning than those who failed to 

engage IOR-based orienting during encoding. Thus IOR benefits both visual search and 

learning and memory, suggesting that the emergence of selective attention mechanisms at 4- 

to 6-months of age may be critical not just for the developing attention system but also for 

the learning and memory system. Given that eye movements are one of premotor infants’ 

primary means of exploration in early postnatal life, the emergence of IOR in early infancy 

may improve the efficiency of infants’ learning as they execute series of successive eye 

movements during visual exploration.
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Figure 1. 
Complete set of cat (A) and dog (B) category exemplars used as stimuli during the spatial 

cueing/encoding phase. (C) Cat and dog stimuli used in each of the four test trials.
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Figure 2. 
(A) An example of one of the 56 spatial cueing/encoding trials. (B) Each of the four trials 

presented at test.
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Figure 3. 
Distribution of infants showing facilitation (dark grey), IOR (black), or no spatial cueing 

effect (light grey).
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Figure 4. 
Partial plot reflecting the relationship between Spatial Cueing score and infants’ looking to 

category exemplars at test, expressed as a subtraction of proportion of looking to the 

exemplars encoded in the cued – noncued locations during the spatial cueing/encoding 

phase.
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Figure 5. 
Simple slopes plots illustrating the interaction between Spatial Cueing score and Number of 

Pets on infants’ looking to (A) the Head-Only and (B) Body-Only exemplars for infants 

whose Spatial Cueing scores indicated facilitation-based orienting at encoding (spatial 

cueing scores 1 SD below the mean), and IOR-based orienting at encoding (spatial cueing 

scores 1 SD above the mean).
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