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Abstract 19 

Young learners would seem to face a daunting challenge in selecting to what they should attend, 20 

a problem that may have been exacerbated in human infants by changes in carrying practices 21 

during human evolution. A novel theory proposes that human infant cognition has an altercentric 22 

bias whereby early in life, infants prioritize encoding events that are the targets of others’ attention. 23 

We tested for this bias by asking whether, when the infant and an observing agent have a conflicting 24 

perspective on an object’s location, the co-witnessed location is better remembered. We found that 25 

8- but not 12-month-olds expected the object to be at the location where the agent had seen it. 26 

These findings suggest that in the first year of life, infants may prioritize the encoding of events to 27 

which others attend, even though it may sometimes result in memory errors. However, the 28 

disappearance of this bias by 12 months suggests that altercentricism is a feature of very early 29 

cognition. We propose that it facilitates learning at a unique stage in the life history when motoric 30 

immaturity limits infant’s interaction with the environment; at this stage observing others could 31 

maximally leverage the information selection process.  32 
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Introduction 33 

While many species learn by observation, human infants are the most prolific such learners (Call 34 

& Carpenter, 2002; Gweon, 2021), a feat that is undoubtedly facilitated by teaching (Csibra & 35 

Gergely, 2011). Yet, information is available when social actors are not actively communicating, as 36 

their attentional cues carry information about the environment that may be relevant for learning. 37 

The emergence of learning devices that ensure the young learner can align their attention with 38 

knowledgeable conspecifics (Braten, 2004) may have been especially important given changes in 39 

carrying practices during human evolution which likely led to periods of time in which the young 40 

infant was physically separated from its mother (Falk, 2004; Ross, 2001). Recently, it has been 41 

proposed that very early in life, while infants are still relatively immobile, an altercentric bias was 42 

selected for sampling and encoding of information (Southgate, 2020).  43 

Although it has long been held that infants are egocentric (Piaget, 1926), evidence for egocentrism 44 

comes mainly from older infants and young children. For example, 3-year-olds’ tendency to predict 45 

someone else’s actions based on the child’s own knowledge rather than the other’s knowledge 46 

(Wellman et al., 2001) was classically interpreted as an inability to overcome egocentricity (Perner, 47 

1991), which itself depends on the maturation of inhibitory control (Devine & Hughes, 2014). The 48 

difficulty in overcoming one's own perspective when reasoning about the perspective of others is 49 

also documented in adults (Keysar et al., 2000; Samson et al., 2010), suggesting — as Piaget also 50 

assumed — that egocentric interference persists throughout life. 51 

However, analogous work with preverbal infants suggests that unlike three-year-old children, 52 

infants as young as 6 months can correctly predict the action of another agent who has outdated 53 

information. Across numerous studies using nonverbal tasks, infants seemingly ignore their own 54 

perspective, and form expectations about others’ actions based rather on what the other has seen 55 

(Choi et al., 2022; Kovács et al., 2010; Luo, 2011; Luo & Johnson, 2009; Onishi & Baillargeon, 56 

2005; Southgate & Vernetti, 2014). Arguably the biggest challenge this infant data presents is how 57 

to account for the apparent absence of egocentric influence when infants have notoriously poor 58 

inhibitory control (Holmboe et al., 2018). Various accounts have attempted to address this 59 

challenge in different ways, but common to most is the assumption that it is the nonverbal nature 60 

of the task that allows infants to take others’ perspectives, or appear as if they can (Baillargeon et 61 

al., 2010; Butterfill & Apperly, 2013; Doherty, 2011; Heyes, 2014; Ruffman, 2014). 62 

Recently, a novel account proposed that it is not the nature of the task, but rather the nature of 63 

human infant cognition that may circumvent the need to manage conflicting perspectives 64 

(Southgate, 2020). Informed by work suggesting that both adults and infants experience 65 

interference from others’ perspectives (Kampis & Southgate, 2020; Kovács et al., 2010; Samson 66 

et al., 2010; van der Wel et al., 2014), this account proposes that infant cognition has an altercentric 67 

bias which prioritizes the encoding of information derived from another’s perspective over events 68 

witnessed in the absence of other agents (Southgate, 2020). The term altercentric describes how 69 
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our own perception and resulting cognitive processing can be altered by the presence of others 70 

(Kampis & Southgate, 2020). Several studies have measured behavior in situations where 71 

participants must respond based on their own perspective, but someone with a conflicting 72 

perspective is present (Kovács et al., 2010; Samson et al., 2010; Ward et al., 2019). For example, 73 

participants are slower to respond to confirmation of their own perspective when the other’s 74 

perspective differs (Holland et al., 2021), and faster to detect the presence of a ball in a scene 75 

when another agent should believe the ball to be there, even if the participant themselves should 76 

not (El Kaddouri et al., 2020; Kovács et al., 2010; Phillips et al., 2015). These studies suggest 77 

interference from a spontaneous encoding of the other’s perspective. Altercentric interference is 78 

also present in infants, in similar paradigms. For example, if another agent should expect a ball to 79 

be hidden behind an occluder, infants seem to share this expectation even when they themselves 80 

have seen the ball depart (Kovács et al., 2010). In another paradigm, how long 14-month-olds 81 

search for an object in a box is influenced by the agent’s perspective: if that agent should think that 82 

there is a ball remaining in the box, infants will search longer than if that agent shares the infant’s 83 

perspective that no ball remains in the box (Kampis & Kovács, 2022).  84 

The altercentric hypothesis proposes that young infants can track others’ perspectives without the 85 

need to manage conflicting perspectives because the two perspectives do not exert a competing 86 

influence on infants’ memory. For older children and adults, their own and the other’s perspective 87 

produce a conflicting representation about the location of the same object. However, for infants, 88 

the targets of others’ attention are hypothesized to be encoded and remembered better than events 89 

that occur in the absence of the other, and thus conflict is reduced or avoided (Southgate, 2020). 90 

Such a bias may have been selected for because for young infants whose ability to act on the world 91 

themselves is limited, attention to input selected by others may be most valuable. Drawing on a 92 

large body of work suggesting that in the first year of life, infants do not have a distinct 93 

representation of the self (Amsterdam, 1972), it is proposed that a key feature of early development 94 

that fosters an altercentric bias is the initial absence of self-awareness. The altercentric hypothesis 95 

proposes that the absence of a distinct self-representation is associated with a relatively weaker 96 

memory for events that the infant sees alone than events that are cued by others’ attention. When 97 

there is a conflict of perspectives, memory for an event that was not co-witnessed with another 98 

agent cannot compete with memory for an event that is observed by another agent. 99 

Thus, an altercentric bias arises in young infants as a result of both the tendency for spontaneous 100 

encoding of others’ attention and the initial absence of self-representation. This prioritization of 101 

what is encoded in the other’s presence creates not merely an altercentric interference in which 102 

the other’s perspective is encoded as well as the participant’s own, but an altercentric bias in which 103 

the other’s perspective is encoded instead of the participant’s own. Thus, the difference, in terms 104 

of altercentric influence between infant and adult cognition is not simply one of degree. It is 105 

proposed that this bias will serve to constrain infants’ attention to information selected by others. 106 
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Built on a gaze following foundation shared with other species, this bias highlights high priority 107 

learning targets for human infants. 108 

The altercentric hypothesis thus makes a straightforward prediction that infants will misremember 109 

an object at a location where it was co-witnessed with another agent, rather than at a location 110 

where the infant subsequently sees the same object alone. Such a situation is analogous to the 111 

classic change-of-location false belief event in which an agent is absent when a target object is 112 

moved to a new location and so has a false belief about the location of the object. However, rather 113 

than testing where the infant expects the agent to search, we test where infants remember the 114 

object to be. This is analogous to the non-verbal equivalent of the memory control question that 3- 115 

and 4-year-olds are asked in false belief tasks to ensure they know the true location of the object 116 

(Wellman et al., 2001). 117 

General methodology 118 

In each reported condition, 8- and 12-month-old infants saw a 3D animation (see Procedure and 119 

Stimuli in Supplementary for details) where a ball was transported first behind one occluder, and 120 

later behind a second occluder (Figure 1). The younger age groups played briefly with a real-life 121 

identical ball before entering the testing room (Mareschal & Johnson, 2003) (see Supplementary 122 

for details). Infants’ memory for the location of the object was tested by lowering one of the 123 

occluders in each trial and revealing the object to be absent. The last frame of the reveal animation 124 

was frozen, and looking time at this static, empty, scene was the dependent measure. The outcome 125 

of any given trial was either congruent or incongruent with ‘reality’: on congruent trials, the occluder 126 

lowered was that behind which the object should be; on incongruent trials, the occluder lowered 127 

was that behind which the object should not be. A difference in looking time between outcomes 128 

(incongruent - congruent) is interpreted as a violation of expectation (VoE). Importantly, infants saw 129 

the exact same outcome in each trial pair (e.g., in both trials of a pair, the left-hand occlude might 130 

be lowered to reveal no ball), but the outcome was congruent with reality when the infant had last 131 

seen the object disappear behind the right-hand occluder, but incongruent with reality when infants 132 

had last seen the ball disappear behind the left-hand occluder (see Counterbalancing in the 133 

Supplementary text). Consequently, any difference in looking-time to the outcome must be due to 134 
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infants’ memory of the ball’s location – and whether or not their expectation of the ball’s location is 135 

violated. 136 

 137 

Figure 1. Still frames depicting the important events from the two principal conditions of interest in which 138 

the second hiding events are identical. Top: In the non-social Conveyor belt condition the ball in the center 139 

of the scene is first transported behind one occluder (first hiding), and then transferred behind the second 140 

(last hiding). In the Hand condition, a hand transports the ball. Bottom: In the social First condition, an agent 141 

witnesses the first hiding event, and then the curtains in front of her close and infants witness the second 142 

hiding alone. In the Both condition, the curtains only close after the last hiding event. At outcome either the 143 

first or the second occluder is lowered, always revealing the absence of the ball. 144 

Measures 145 

We preregistered both total looking time and the duration of the first uninterrupted look (Newcombe 146 

et al., 1999; Yoon et al., 2008) as dependent measures. Total looking time describes looking 147 

anywhere inside the screen-space with interruptions no longer than 2s, or for a maximum of 20s 148 

from the last frame of the reveal animation (see Supplementary for details on the decision). The 149 

first look measure is the duration from the last frame of the reveal animation until the first instance 150 

of the infant looking outside the screen-space for any amount of time. The first look dependent 151 

variable is thus a subset of total looking time. The two measures are highly correlated at the level 152 

of the entire dataset (r = 0.8, p < .001). We preregistered both measures as they carry potentially 153 

different tradeoffs. Total looking time has arguably more stability to random looking away events, 154 
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as it has the 2 second buffer. First look may be a more sensitive measure of violation of expectation, 155 

as it records only babies’ initial stare at the reveal event.  156 

All looking-times were log-transformed prior to analysis, as recommended for looking-time studies 157 

(Csibra et al., 2016). 158 

Coding 159 

Looking time was coded offline by the first author and double-coded in its entirety by a naïve second 160 

coder. Inter-rater reliability was over r > 0.95 and the final analysis is based on the coding by the 161 

first author. 162 

Ethics 163 

The study was approved by the Ethics Committee of the Department of Psychology at the 164 

University of Copenhagen, and caregivers signed an informed consent prior to participation. 165 

Experimental conditions 166 

The first 8 conditions report data from 8-month-olds. We chose 8-month-olds as our initial target 167 

age group for testing the altercentric hypothesis because previous data suggests altercentric 168 

interference at 7.5 months (Kovács et al., 2010), and it is an age well before the documented onset 169 

of self-representation. We preregistered a sequential testing strategy to first obtain evidence for 170 

object memory at the ball’s last location when no agent is present (Hand and Conveyor belt 171 

conditions) and then contrast this with the critical experimental condition in which the first hiding 172 

event is co-witnessed with an agent (condition First, with the False Belief logic). A control condition 173 

where the agent witnesses both locations (Both, analogous to True Belief) was also run. These 174 

conditions were preregistered and the description of the testing protocol, testing materials, and 175 

planned analyses can be found here: #33255 | As Predicted. Several additional exploratory 176 

conditions were also included (Transfer and Last) to further understand findings from condition 177 

Both. The procedure and data analysis were identical to the previous conditions. We also ran 178 

identical replications of the critical condition, First, and the mirror-symmetrical Last. We ran 179 

replications of these two conditions to increase our confidence in our data, and because it is these 180 

conditions that we then ran with two groups of 12-month-olds (#71401 | As Predicted) to test for 181 

the onset of the transition away from altercentrism. By 12 months of age, infants are becoming 182 

more mobile, and precursors of self-representation may be visible (Butterworth, 1992).  183 

Based on simulations by Oakes (Oakes, 2017), each of the conditions in the 8-month-old group 184 

included 32 infants (Last replication had 31). The 12-month-old groups are composed of 48 infants, 185 

https://aspredicted.org/blind.php?x=6PV_5VQ
https://aspredicted.org/3J1_68J
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resulting in a total of 351 infants. All participants were recruited from a database of infants whose 186 

parents had volunteered them for participation. 187 

Data analysis 188 

In the main text, we report the output of the preregistered Bayesian analysis. Bayesian models 189 

have several advantages: they do not lose information due to averaging of trials to satisfy the 190 

independence assumption; do not rely on single point estimates, but provide the full (posterior) 191 

probability distribution and do not suffer from the problem of multiple comparisons, which one has 192 

to correct for when doing frequentist analyses (McElreath, 2020). This is particularly relevant in a 193 

complex design such as ours, where we need to estimate not only the effect of outcome within a 194 

single condition but also how the effect of outcome varies across multiple conditions and age 195 

groups. Finally, it has advantages in clarity, as the entire output of the statistical analysis can be 196 

read in one single figure (Figure 2). For a discussion of the approach, see Methods/Bayesian 197 

model. Commented scripts for reproducing or altering the model can be found on the OSF 198 

repository. For frequentist statistics, see Methods as well. 199 

In line with the preregistration, we fitted a multilevel Bayesian linear regression model to the log-200 

transformed first-looks and to the log-transformed total looking time for both age groups. The model 201 

assumes that the logarithm of looking times produced in any given trial is sampled with noise from 202 

a normal distribution whose mean is a linear function of (i) the subject producing that particular 203 

measurement; (ii) the outcome-condition combination underlying that measurement; (iii) the trial 204 

pair; and (iv) the outcome order in that pair. This allowed us to assess (i) whether there is a 205 

difference between congruent and incongruent outcomes in each condition and, if so, in which 206 

direction; (ii) the pairwise difference between conditions; and (iii) whether there is an outcome-207 

condition interaction at the level of the entire dataset. The two identical replications of the First and 208 

Last conditions in the 8-month-old age group were merged with their corresponding original 209 

samples. The analyses were performed in R 4.1.2 (R Core Team, 2021), using the rethinking 210 

package 2.01 (McElreath, 2020).  211 

For all questions of interest, we report 89% credible intervals (CI) (McElreath, 2020; Wagenmakers 212 

et al., 2018). Unlike confidence intervals, these intervals have a straightforward interpretation: with 213 

89% probability, the true value lies in this interval — provided our modeling assumptions are 214 

justified. Thus, when we are interested in ruling out a null value, and the 89% credible interval 215 

excludes this value, we may conclude that the null value is excluded with 94.5% probability (5.5% 216 

for each tail). While we rely on this threshold for testing our hypotheses against the data, it is 217 

https://osf.io/kxgz7/?view_only=6fd26b35e78e4fbaab9e2dedd243ef75
https://osf.io/kxgz7/?view_only=6fd26b35e78e4fbaab9e2dedd243ef75
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important to keep in mind that uncertainty is a continuous measure and should be discretized for 218 

binary decisions with caution. 219 

In the cases where we ran identical replications (First, Last), we report the identical conditions as 220 

single conditions since each individual tested provides us with additional evidence. In the 221 

frequentist analyses reported in the Supplementary the replications are separated. 222 

 223 

Figure 2. Estimated effect of trial outcome (Incongruent - Congruent) by condition and age group: priors and 224 

posteriors. Diamonds represent means, error bars represent the 89% credible interval around the mean. 225 

Gray: prior distribution (equal, a priori, for all conditions); colored: posterior distributions by condition. For 226 

the 8-month-old group, the direct replications are merged with the original studies (conditions First and Last) 227 

1. Location memory with and without agency 228 

On the basis of previous work, we expected infants of this age to remember the last location of the 229 

object, when no other perspective is involved. In most studies in which location memory in young 230 

infants has been demonstrated, a hand manipulates and places the object (Baillargeon & Graber, 231 

1988; Newcombe et al., 1999; Ruffman et al., 2005; Wilcox et al., 1996). Hands belong to agents, 232 

thus giving away cues of agency. While a hand by itself does not give away spatial cues of 233 

perspective, infants may link hands to agents and agents to perspectives. As the critical condition 234 

(called First) was intended as a strict contrast between a first co-witnessed displacement and a 235 

second ‘witnessed-alone’ displacement, the ideal second displacement would be without 236 

perspective — or agency — cues. Thus, two initial conditions depicted either a hand (agency) or a 237 

conveyor belt (no agency) transporting the object behind each occluder. Should infants evidence 238 

similar sensitivity to the incongruent outcome in both conditions, in the critical co-witnessing 239 
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condition (First), the object will be transported using the conveyor belt to minimize agency cues for 240 

the second displacement. 241 

(a) Materials and methods 242 

 (i) Participants 243 

We tested 32 full-term 8-month-old infants, randomly assigned to each condition (Hand mean age: 244 

235 days, range: 215-159 days, SD 11, 24 girls; Conveyor mean age: 236 days, range: 208-252 245 

days, SD 12, 14 girls). Over both conditions of this initial study, a further 50 infants were excluded 246 

because of fussiness (n = 14), inattentiveness during the object transfer (n=24), experimenter error 247 

(n = 9), reaching the 20s looking time during the measurement period for both trial of a trial pair (n 248 

= 2) and parental interference (n = 1). For the Hand condition, all 32 infants contributed both pairs; 249 

in Conveyor, 30 infants contributed both pairs and 2 infants contributed 1 pair (in both cases the 250 

first pair)1.  251 

(ii) Stimuli  252 

Infants observed movies2 in which either a hand or conveyor belt transported a ball behind 253 

occluders (Figure 1, top). In 4 familiarization trials, the hand first grabbed the ball from the center 254 

of the scene and placed it behind one of two occluders (Hand condition), or the ball was transported 255 

by the conveyor belt behind one of two occluders (Conveyor condition). At the end of each of the 256 

familiarization trials, infants saw one of the occluders lowered. The aim of the familiarization was 257 

to expose infants to reality congruent outcomes that included both the ball present and absent.  258 

Next, on 4 test trials, the hand or conveyor belt moved the ball behind one of the occluders and 259 

then transferred it behind the other. Each test trial ended with one of the occluders lowered, each 260 

time revealing no ball. Thus, the outcome was either congruent (videos: Conveyor, Hand) or 261 

incongruent (Conveyor; Hand) with reality. To best match the additional movements that the hand 262 

introduces, the conveyor belt trials included a spotlight that moved around the scene, matching the 263 

same parts of the screen occupied by the hand’s action. The spotlight’s movement was 264 

 

1 See Supplementary for description of exclusion criteria and a discussion about why after this first pair of 

conditions we relaxed our needlessly strict criteria. 
2 See Supplementary for the details of the presentation procedure. 

https://osf.io/764sf/?view_only=51a0b7f0c3c94d0091093a2b4dc09775
https://osf.io/kqtj5?view_only=6fd26b35e78e4fbaab9e2dedd243ef75
https://osf.io/qgacn/?view_only=51a0b7f0c3c94d0091093a2b4dc09775
https://osf.io/xak3h?view_only=51a0b7f0c3c94d0091093a2b4dc09775
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asynchronous to the conveyor belt, so as not to give the impression that it caused the conveyor 265 

belt to move.  266 

(b) Results  267 

For descriptives, all conditions, see Supplementary Table 1. Supplementary Figure 1 depicts the 268 

descriptives for the 4 pre-registered conditions. 269 

Within-participant outcome differences: Participants’ first looking durations were overall higher 270 

for the Incongruent compared to the Congruent outcome. In the Conveyor condition, the mean 271 

effect size = 0.220, 89% (McElreath, 2020) credible interval: [0.001, 0.442]. In the Hand condition, 272 

the effect size is smaller, and the credible interval (hence CI) does not exclude 0 (mean = 0.191, 273 

89% CI: [–0.034, 0.412]). Total Looking Time posteriors show a similar pattern to those estimated 274 

for first looking durations although neither credible interval excluded 0 (Conveyor: mean = 0.098, 275 

89% CI: [–0.136, 0.330]; Hand: effect size mean = 0.166, 89% CI: [–0.058, 0.399]). 276 

Outcome-condition interaction: The Incongruent-Congruent manipulation did not affect the two 277 

conditions differently: for first looks, the mean of the estimated interaction effect was = 0.028, 89% 278 

CI: [–0.283, 0.349]; for total looking time, the effect mean = -0.068, 89%CI: [–0.392, 0.254]. 279 

(c) Discussion 280 

These results confirm that, with first look as the dependent measure, 8-month-olds looked longer 281 

to the incongruent than congruent outcome, suggesting that they remembered the last location of 282 

the ball. Furthermore, location memory was not modulated by whether infants saw the hand or 283 

conveyor belt transporting the object. Thus, in all subsequent conditions, infants observed the 284 

conveyor belt transporting the ball.  285 

For total looking time, we noticed that, across the two conditions, close to a third of participants had 286 

at least one trial out of the 4 where they looked at the screen for close to 20s in total (for example, 287 

n = 18 looked 18-20s). This may have introduced an artificial ceiling to the total looking time 288 

measure, whereas first looks are, by definition, much less affected. Since the cutout was 289 

preregistered and the ceiling is only going to affect results where the effect is relatively small, we 290 

kept it for the rest of the conditions with the same age group. 291 

2. Perspective cue on First vs Both witnessed locations 292 

Having confirmed that 8-month-olds are able to remember the last location in which they have seen 293 

the ball, we moved on to probe the main claim of altercentric hypothesis: that the presence of an 294 

agent during the first hiding event will fundamentally change infants’ memory for the ball’s location. 295 

The ‘First’ condition provides the critical test because it predicts the opposite pattern of looking time 296 

from that of the non-social object displacement reported above. The pre-registered prediction was 297 

that infants will misremember the ball at the first location, and thus look longer to the outcome with 298 

the ball’s absence at the first location (congruent with reality) than at the second (incongruent with 299 
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reality). In other words, if infants misremember the object at the hiding location co-witnessed with 300 

the agent, the congruent outcome should be more surprising for them than the incongruent 301 

outcome. In a further ‘Both’ condition, another group of infants observed the same ball 302 

displacements, but the agent observed both the first and second displacement (both hiding 303 

locations were co-witnessed). The events are equivalent to those of a ‘True Belief’ control condition 304 

of a Theory of Mind task, but without the agent returning at the end. Since the second location is 305 

where both the infant and the agent last saw the object, we expected infants would look longer to 306 

the absence of the object at the second location, as in the non-social conditions (Hand or 307 

Conveyor).  308 

(a) Materials and methods 309 

 (i) Participants 310 

As before, we had 32 participants per condition (First, Both, First replication). In the First condition, 311 

the average age of participants was 245 days (232-266, SD 9, 10 girls). In the Both condition, the 312 

mean age was 248 days (240-259, SD 11, 14 girls). In condition Both, the mean age was 248 days 313 

(240-259, SD 11, 14 girls). For the crucial First condition, we also ran an identical replication. The 314 

average age of the replication was 247 days (242-256, SD 6, 12 girls). 315 

A further 7 infants were excluded in First, for fussiness (n = 2), inattentiveness (n = 1) experimenter 316 

error (n = 3), and reaching the looking time cap for both test trials of the first pair (n = 1). In Both, 3 317 

infants were excluded due to inattentiveness. In First replication 6 infants were excluded for 318 

inattentiveness (n = 5) and reaching the cap (n = 1). 319 

Of the 32 infants in Both, 27 contributed both trial pairs (see Supplementary for exclusion criteria 320 

adjustments). For the First condition, 29 infants contributed both pairs and 3 infants contributed 321 

only the first pair; in Both, 27 contributed both trial pairs and for the First Replication condition, 26 322 

infants contributed both trial pairs. 323 

 (ii) Stimuli  324 

In the Familiarization trials an agent was present in the background and visually tracked the ball as 325 

it was transported by the conveyor belt. On test trials, infants saw the same sequence of ball 326 

movements as in Conveyor, but these new conditions differed in how much of the ball’s movements 327 

the co-witnessing agent observed. In First, the agent appeared prior to the first displacement and 328 

observed the ball as it was transported behind the first occluder. The curtains then closed to hide 329 

the agent, after which the ball emerged from behind the first occluder and was transported behind 330 

the second occluder (video or Figure 1, bottom). The second displacement was thus witnessed by 331 

the infant alone. In Both (video), the agent was revealed prior to the first displacement and observed 332 

the ball as it was transported by the conveyor belt behind the first occluder and then the second, 333 

before the curtains closed to hide the agent. Both displacements were thus witnessed by the infant 334 

https://osf.io/gdtmj/?view_only=51a0b7f0c3c94d0091093a2b4dc09775
https://osf.io/zkgyu/?view_only=51a0b7f0c3c94d0091093a2b4dc09775
https://osf.io/nkqzp/?view_only=51a0b7f0c3c94d0091093a2b4dc09775
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and the agent. As before, one of the occluders was then lowered to reveal the absence of the ball 335 

at either the first or second location. The last frame of the video was paused until the infant looked 336 

away for 2 consecutive seconds or until 20 seconds had elapsed. 337 

(b) Results 338 

Within-participant differences: As predicted, the direction of the effect was reversed for the First 339 

condition (and its identical replication), with looking time to the Incongruent outcome shorter than 340 

that to the Congruent outcome. With first looks, the mean estimated effect size was -0.330, 89% 341 

CI: [-0.498, -0.162]; total looking time mean = -0.282, 89% CI: [-0.454, -0.118]. The negative values 342 

indicate the direction, as for all conditions we look at Incongruent – Congruent. Here, looking time 343 

to Congruent was longer. In the Both condition, the mean estimated effect size included 0 with both 344 

measures: first looks mean = 0.032, 89% CI: [-0.207, 0.271]; total looking time mean = 0.019, 89% 345 

CI: [-0.214, 0.249]. See Supplementary, Table 1, for descriptives. 346 

Outcome-condition interaction: Condition First is different from all previous conditions with both 347 

first looks and total looking time. For First vs. Conveyor, the mean of estimated interaction effect, 348 

with first looks = 0.550, 89% CI: [0.277, 0.823], and for total looking time, the mean = 0.380, 89% 349 

CI: [0.094, 0.663]. In First vs. Hand first looks were = 0.521, 89% CI: [0.240, 0.801] and total looking 350 

time = 0.448, 89% CI: [0.165, 0.730]. First vs Both were also different, with a mean = 0.362, 89% 351 

CI: [0.069, 0.656] for first looks and a mean = 0.301, 89% CI: [0.015, 0.582] for total looking time. 352 

(c) Discussion  353 

The results of the First condition are consistent with our pre-registered prediction that co-witnessing 354 

the first hiding with another agent would reverse infant’s expectation about the location of the ball 355 

(Figure 2 & Supplementary Figure 1). That infants looked longer to the absence of the ball at the 356 

first hiding location rather than the second thus reveals the predicted memory error when the 357 

perspective of the infant and the agent diverges; and suggests that infants may prioritize encoding 358 

the scene as it was when co-witnessed with the on-screen agent (see Supplementary for a separate 359 

reporting of the replication).  360 

Nonetheless, the finding from the Both condition did not conform to our prediction that infants would 361 

look longer to the Incongruent outcome, as they did in the non-social conditions. This was predicted 362 

because this outcome is both incongruent with what the infant has last seen, and with what the co-363 

witnessing agent has last seen.  364 

A possible explanation for why infants did not have a stronger expectation of the object at the final 365 

location than at the first location in the Both condition could be that co-witnessing led them to 366 

encode the object at both locations. The possibility of memory traces in multiple locations has 367 

previously been proposed as an explanations for infants’ apparent memory failures on classic tasks 368 

of object permanence (Harris, 1989; Munakata, 2001). If so, we reasoned that a situation in which 369 
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the agent and the infant only co-witnessed the final location should generate in infants a clearer 370 

expectation of the object at its last location. 371 

3. Perspective cue on the Last location only 372 

We ran two exploratory conditions in which we varied the timing of the agent’s appearance in the 373 

scene, and thus what she co-witnessed. In one, the agent appears only for the second part of the 374 

object’s transition from first to second hiding locations (Last), which aims to ensure that the infant 375 

and agent have only co-witnessed the object at its last location. However, the sudden appearance 376 

of the agent in the middle of the object’s transition from first to second location could potentially 377 

disrupt infants’ tracking of the ball. We therefore also ran a version in which the agent appears once 378 

the object disappears behind the first occluder so that the infant and the agent do not co-witness 379 

the first hiding, but they co-witness the entirety of the ball’s transition from first to second location 380 

(Transfer).  381 

(a) Materials and methods 382 

 (i) Participants 383 

The average age for the 32 participants in the Transfer condition was 245 days (230-256, SD = 9; 384 

15 girls). We ran — and later identically replicated — the Last condition, with n = 32 in the original 385 

and n = 31 in the replication. For the first run the mean age was 251 (244-254, SD = 4; 13 girls) 386 

and for the replication the mean age was 247 (236-260, SD = 6; 18 girls). A further 9 infants were 387 

excluded in Transfer because of inattentiveness during the object transfer (n = 7), fussiness (n = 388 

1) and reaching the 20s cap in both measurement periods of the first pair of trials (n = 1). For the 389 

Last condition and its replication, 32 infants were excluded. The higher number of exclusions were 390 

due to a counterbalancing error in the outcome’s side discovered after running the participants (for 391 

details, see the part named Counterbalancing error in Last in the Supplementary). In addition, 392 

infants were excluded due to inattentiveness (n = 12) and one infant for reaching the maximum 393 

looking time cap in both trials of the first pair (n = 1). In the Transfer condition, 28 infants contributed 394 

both pairs, and 4 infants contributed only the first pair. For the Last condition and its replication, 52 395 

infants contributed both pairs, and 11 infants contributed only the first pair. 396 

 (ii) Stimuli  397 

Familiarization events were identical to those before. In the Transfer condition (video), infants 398 

observed test trials in which the agent appears after the ball has disappeared behind the first 399 

occluder but before it emerges to begin its transition to the second location. While the agent 400 

appears when the ball is hidden in its first location, she only attends to the ball — and tracks its 401 

movement — from the midpoint in its transition to the second hiding location. In the Last condition 402 

(video), infants observed test trials in which the agent appears as the ball pauses briefly during its 403 

https://osf.io/dcm6f/?view_only=51a0b7f0c3c94d0091093a2b4dc09775
https://osf.io/t8mx3/?view_only=51a0b7f0c3c94d0091093a2b4dc09775
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transition from the first to the second hiding location. In both conditions, the curtains close to hide 404 

the agent before one of the occluders is lowered to reveal the absence of the ball at either the first 405 

or second location. 406 

(b) Results 407 

Within-participant differences: In both of the exploratory conditions the posterior on the effect 408 

size was centered close to zero with both measures. In condition Transfer the mean estimated 409 

effect size for first looks was 0.040, 89% CI: [-0.200, 0.262] and for total looking time 0.042, 89% 410 

CI: [-0.180, 0.264]. Condition Last (identical replication included), had the mean = 0.023, 89% CI: 411 

[-0.142., 0.190]; and total looking time mean was -0.040, 89% CI: [-0.206, 0.127].  412 

Outcome-condition interaction: The two new conditions do not differ from each other (mean = -413 

0.083, 89% CI: [-0.373, 0.212]) and neither is different from the condition Both (vs. Transfer, mean 414 

= -0.023, 89% CI: [-0.344, 0.302]; vs. Last, mean = -0.060, 89% CI: [-0.337, 0.218]). They are both 415 

different from condition First (vs. Transfer, mean = -0.325, 89% CI: [-0.039, -0.609]; vs. Last, mean 416 

= -0.241, 89% CI: [-0.002, -0.478]) (for total looking time, see OSF). 417 

(c) Discussion 418 

Thus, these additional conditions did not shed light on the null result in the Both condition, instead 419 

yielding further evidence that the presence of a co-witnessing agent who, together with the infant, 420 

observes the ball at its final location, does not lead infants to have an expectation that the ball 421 

should be present at this final location. This is puzzling because a) in the absence of an agent (non-422 

social conditions), infants evidence an expectation that a ball they see disappear behind a second 423 

occluder should be present behind that occluder and b) in the presence of an agent who co-424 

witnesses the ball only at the first location (condition First), infants generate a clear expectation 425 

that the ball should be behind the first occluder.  426 

We considered whether in the crucial condition, First, the agent’s disappearance after the first 427 

hiding may have distracted infants from the ball’s second displacement. Thus, we coded and 428 

compared how much of the ball’s second transfer infants witnessed in this First condition (when 429 

the agent disappeared before the second transfer) compared to the identical movement in the non-430 

social Conveyor condition (when no agent was present for either the first nor the second transfer, 431 

see Table 1). This analysis revealed that infants spent most of the 4 second transition period 432 

watching the ball in both the non-social (82%, SD 7.3%) and First conditions (81.5%, SD 8%) 433 

indicating that the agent’s disappearance did not change infants’ visual attention to the subsequent 434 

transition from first to second location. Thus, despite infants spending the majority of the second 435 

transfer focused on the movement of the ball, they did not remember its final location when its first 436 

location was co-witnessed. Furthermore, while in the condition First, infants spent less time 437 

watching the ball during its first hiding because there is also an agent on-screen (61.6%, SD 20.9%) 438 

than its second hiding (81.5%, SD 8.0%), it is at the first location that they appear to remember it. 439 

https://osf.io/mjq6y?view_only=6fd26b35e78e4fbaab9e2dedd243ef75
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This indicates that infants' memory of the ball in its first location was not due to increased visual 440 

attention to its disappearance.  441 

This observation led us to speculate that it may be infants’ attention to the agent and ball relation, 442 

rather than just the ball, that predicts where they remember the ball to be. We reasoned that 443 

examining looking during the second transfer could inform our null results in the Both, Transfer, 444 

and Last conditions where the agent is present during the second transfer. To address this, we 445 

categorized infants as those who looked predominantly at the ball (object attention) vs. those who 446 

distributed their attention between the ball and the agent (distributed attention) during the transfer 447 

(see Supplementary for details of how infants were categorized). Merging data across the two 448 

conditions in which the agent was present for the entirety of the second displacement (Both and 449 

Transfer)3, we ran a Bayesian Repeated Measures ANOVA in JASP 0.17.1 (Wagenmakers et al., 450 

2018) as an exploratory analysis. We ran an interaction model with Attention (object vs. distributed) 451 

as a between-subjects factor and Outcome (Incongruent, Congruent) as a within-subjects factor. 452 

The null model contained the factors separately. The interaction model (outcome*Attention) had 453 

favorable posterior odds ratios under multiple different ways of categorizing infants (see 454 

Supplementary for details; cutouts) and follow-up Bayesian paired samples t-tests indicate that 455 

infants who distributed their attention, looked longer at the Incongruent than the Congruent 456 

 

3 In condition Last the agent is revealed during the transfer period, after the ball reached the middle of the 

screen; the transfer is also one second longer to accommodate the reveal, and has the sound of the curtains, 
played to get infants’ attention to the agent reveal. Given all those differences we did not code this condition 
as any interpretation would have been difficult. 

https://osf.io/7b9hm?view_only=6fd26b35e78e4fbaab9e2dedd243ef75
https://osf.io/v2zm8?view_only=6fd26b35e78e4fbaab9e2dedd243ef75
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outcome, as we had originally hypothesized for these conditions. Attending only to the ball, on the 457 

other hand, did not yield a looking time advantage for either outcome. 458 

 459 

condition Conveyor First Both Transfer 

First  

hiding  

(3 seconds) 

agent 

present? 

NO YES YES NO 

percentage 

LT 

95.3%  

(SD 07.9%) 

61.6% 

(SD 20.9%) 

63.3%  

(SD 22.8%) 

92.8% 

(SD 07.2%) 

Second 

hiding  

(4 seconds) 

agent 

present? 

NO NO YES YES 

percentage 

LT 

82.0%  

(SD 07.3%) 

81.5% 

(SD 08.0%) 

67.0% 

(SD 18.0%) 

59.5% 

(SD 22.3%) 

 460 

Table 1. Percentage of looking at the ball during the two hiding events. In some conditions, the agent in the 461 

background competes for the infants’ interest. 462 

 463 

This exploratory analysis provides some insight into the puzzling null results from the three 464 

conditions where an agent co-witnessed the final transfer together with the infant. Specifically, it 465 

indicates that what infants attend to during this second transfer influences what they remember. 466 

We do not know why some infants divided their attention between the agent and ball and some 467 

focused predominantly on the ball. This difference between infants could plausibly reflect 468 

differences in maturation of attention disengagement (Elsabbagh et al., 2013) or differences in the 469 

extent to which the infant prioritizes the others’ attention. More infants were categorized as ball-470 

lookers (i.e., predominantly looking towards the moving ball and not towards the agent) when there 471 

was an agent present for the second hiding (in conditions Both + Transfer: 33/64) than when there 472 

was an agent present for the first hiding (First + Both: 22/64). This suggests that as a group, more 473 

babies divided their attention between the agent and ball, earlier in the trial. 474 

4. Older infants 475 

The First Condition revealed the presence of an altercentric bias in 8-month-olds when the infant 476 

and the agent held conflicting perspectives. As this bias was hypothesized to be a particular feature 477 

of very early cognition (Southgate, 2020), we ask whether the bias remains at 12 months when a) 478 

infants are more mobile and versed in their environment and b) precursors of self-awareness may 479 

be present. A second aim was to follow-up on the speculation above, that 8-month-olds’ failure on 480 
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the Both, Last and Transfer conditions may be due to challenges with dividing attention later in the 481 

trial. As 12-month-olds’ selective attention abilities are likely to be more robust, we hypothesized 482 

that they would show evidence of remembering the object in the final location on the Last condition, 483 

in which the agent only sees the object at the final location. These conditions (First, Last) were 484 

preregistered (#71401 | As Predicted) as unlike with the exploratory conditions (Transfer, Last and 485 

the replications of First and Last), we could conceive the predictions based on the theory under 486 

test and because we wanted to change the maximum looking time in the procedure (see below). 487 

(a) Materials and methods 488 

 (i) Participants 489 

For the pair of conditions with 12-month-olds, 96 infants (48 each) were randomly assigned to either 490 

the First 12 or Last 12 conditions (Mean age: 370 days; SD = 4; 44 girls). A further 23 infants were 491 

excluded because of fussiness or inattentiveness (n = 15), experimenter error (n = 7: subjects were 492 

presented with trials with the counterbalancing error), equipment malfunction (n = 1). Of the 96 493 

infants, 94 contributed both trial pairs. We preregistered samples of n = 32 for each condition, in 494 

line with the previous studies, but choose to test 16 more in each, as the data at n = 32 was 495 

insensitive. The criterion for data sensitivity we adopted was based on a Bayesian version of the t-496 

tests we used for the analysis of our data (see frequentist analyses in Supplementary), where the 497 

Bayes factor is between 3:1 and 0.3:1 for either the alternative hypothesis or the null (Dienes, 2014; 498 

Rouder et al., 2009). Thus, we randomly selected 16 new trial orders out of the 32 and used the 499 

same 16 trial orders in both conditions.  500 

 (ii) Stimuli 501 

Infants viewed the stimuli of conditions First and Last. The only difference from the runs with the 8-502 

month-olds was that we extended the duration of the freeze frame to a maximum of 30 seconds.  503 

(b) Results  504 

Within-participant differences: With the 12-month-olds, the effect size was centered on 0, 89% 505 

CI: [-0.187, 0.186] in the First 12 condition. The Total looking time measure was similar at a mean 506 

= 0.033, 89% CI: [-0.151, 0.219]. This suggests that, unlike the 8-month-olds, 12-month-olds did 507 

not longer at the Congruent than Incongruent outcome. In the Last 12 condition, first look mean = 508 

0.146, 89% CI: [-0.034, 0.327], whereas with total looking time, the entire distribution of posteriors 509 

was above zero, with the mean = 0.262, 89% CI: [0.082, -0.445]. This suggests that, unlike the 8-510 

month-olds, 12-month-olds looked longer to the Incongruent than Congruent outcome. We assume 511 

https://aspredicted.org/3J1_68J
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that the reason why total looking time was a sensitive dependent measure for 12-, but not 8-month-512 

olds is because we raised the maximum cap from 20 to 30s for the older groups. 513 

Outcome-condition interactions: Is First 12 different from Last 12? Credible intervals for both 514 

measures contain zero, 89% CI: [-0.410, 0.115] for first look and 89% CI: [-0.486, 0.028] for total 515 

looking time.  516 

Age differences: We were interested in whether 8- and 12-month-olds differed in their looking 517 

times to the outcomes of the First and Last conditions. With first look as the dependent variable, 518 

the effect of outcome differed between 8- and 12-month-olds in the First condition: mean = 0.333, 519 

89% CI: [0.079, 0.585], but not in the Last condition: mean = 0.123, 89% CI: [-0.123, 0.356]. With 520 

total looking time, there was an age difference for both First and Last conditions (First mean = 521 

0.314, 89% CI: [0.065, 0.568]; Last mean = 0.302, 89% CI: [0.060, 0.547].  522 

(c) Discussion 523 

This last set of results suggests that, unlike 8-month-olds, 12-month-olds do remember the last 524 

location of the ball on co-witness Last trials. However, we found no evidence for the altercentric 525 

bias that we observed in 8-month-olds when perspectives diverged on the First condition. In fact, 526 

12-month-olds did not show a differential expectation that the ball should be in either location in the 527 

First condition. We return to possible explanations for this finding below.  528 

General Discussion 529 

The altercentric bias hypothesis proposes that infants’ memory for events that are the targets of 530 

others’ attention is privileged. A clear prediction of this hypothesis is that, if there is a conflict 531 

between what the self and other have experienced, infant memory will prioritize representations 532 

derived from tracking the targets of the other’s attention. In an object displacement event like that 533 

used in the current study, this prioritization of co-witnessed events will lead infants to misremember 534 

the location of the object. We first obtained evidence that, with these stimuli, 8-month-old infants 535 

would remember the location of an object at its final location. They looked longer towards an 536 

outcome which did not reveal the object at the location behind which it was last seen, than at an 537 

identical outcome when the object had not last been seen behind that occluder. Given that the 538 

outcomes were identical across trial pairs, and the only factor that varied was whether the object 539 

should be behind the occluder, we interpret longer looking towards the absence of the object on 540 

Incongruent outcomes as reflecting infants’ memory for the location of the ball. Next, we asked 541 

whether we could reverse infants’ expectation of the ball’s location by including an agent who co-542 

witnesses the hiding at its first location. In a preregistered condition and replication, we indeed 543 

found that 8-month-olds had a stronger expectation that the ball should be in the first location than 544 

the second, even though in both conditions they attended equally to the second displacement. 545 

Coding of infants’ attention to the ball (Table 1) indicates that 8-month-olds’ attended to the second 546 

displacement and did so to the same degree whether or not (First vs. Conveyor) an agent 547 

https://osf.io/mjq6y?view_only=6fd26b35e78e4fbaab9e2dedd243ef75
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disappeared prior to this event. This strongly suggests that infants were not simply distracted by 548 

the agent’s disappearance and failed to notice the ball moving to its final location. Rather, they 549 

watched the ball moving to its final location, but expected it to be in the first, co-witnessed location. 550 

We interpret this as indicating that if there is a conflict in perspectives, 8-month-old infants 551 

remember better what they co-witness with another agent than what they subsequently witness 552 

alone, as predicted by the hypothesis (Southgate, 2020).  553 

12-month-olds did not show this altercentric bias. However, while the bias is no longer present, 12-554 

month-olds still do not remember the last location of the object if the first location (but not the last) 555 

was co-witnessed. One possibility is that 12 months is a point of transition where some infants are 556 

now less susceptible to the others’ perspective, but some remain so, and thus group data reflects 557 

both groups of infants such that it appears that they have no strong expectation as to the ball’s 558 

location. Originally conceived, the altercentric bias hypothesis was suggested as a learning aid for 559 

a life history stage where, due to motoric immaturity, infants are largely observers and encoding 560 

events already selected by others could be beneficial. However, as infants become more mobile, 561 

they may become more able to select information for themselves. Or, as infant memory undergoes 562 

dramatic changes between 8 and 12 months (Nelson, 1995), this could shift some infants towards 563 

a greater reliance on their own, first-person experience, and less susceptibility to influence from 564 

the other’s perspective. Finally, and also in line with the original hypothesis, as self-representation 565 

emerges, the altercentric bias is hypothesized to recede. While clear evidence of self-566 

representation is found in mirror self-recognition observable from around 18 months, precursors 567 

may be found at the beginning of the second year of life (Amsterdam, 1972). 568 

Nevertheless, we found an apparent absence of memory for the object’s location when the agent 569 

witnessed both object displacements, in 8-month-olds. Across three conditions (Both, Transfer, and 570 

Last), infants did not evidence a greater expectation that the object should be revealed at its last, 571 

actual, location. This was unexpected because when the observing agent witnesses everything, 572 

there is no conflict in perspectives, and we had predicted that infants would remember the object's 573 

last location – as they did in the non-social Hand and Conveyor conditions. An exploratory analysis 574 

of infants' visual attention to the ball vs. agent during the transfer of the ball from the first to the 575 

second location indicated that infants who distributed attention between the agent and the ball 576 

indeed remembered the ball's last location, as predicted. Infants who attended predominantly to 577 

the moving ball, in contrast, tended to misremember the ball at its first location - similarly to infants 578 

who had only co-witnessed the first hiding with another agent in the critical First condition. Although 579 

not predicted, this finding is consistent with the core of the altercentric hypothesis: tracking the 580 

agent’s attention to the ball seems to be the main drive of infants’ expectations about the ball’s 581 

location. This data is also consistent with previous work showing that it is infants’ attention to the 582 
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agent, not the object, which appears to determine what they remember about that object (Kovács 583 

et al., 2017).  584 

The data from these conditions is also consistent with a recent review of infant non-verbal Theory 585 

of Mind studies which suggested that while there was evidence for infants’ ability to understand 586 

false-belief (similar to our First condition), there was little evidence that infants generate correct 587 

expectations from true-belief events (similar to our Both condition) (Rubio-Fernández, 2019). Why 588 

this should be so is unclear. However, in our study, although we observed variance in attention to 589 

the agent and ball on conditions where an agent was present during the first object displacement 590 

(First and Both), more infants attended solely to the object on the second hiding than the first (that 591 

is, in Both and Transfer). It is possible that at 8 months, dividing attention between the agent and 592 

ball becomes more effortful as the trial goes on, such that the movement of the ball becomes more 593 

difficult to disengage from. That 12-month-olds did remember the last location of the ball under 594 

these conditions could be viewed as consistent with this interpretation.  595 

While we used looking time to index object location memory, our data cannot tell us what infants 596 

expected to see at the location revealing the object’s absence. Historically, different scholars have 597 

hypothesized that in similar tasks of object permanence, infants may have memory traces at both 598 

locations, and which could both contribute to their expectations of object existence (Harris, 1989; 599 

Munakata, 2001). Research on memory for object identity suggests that infants younger than 12 600 

months are less sensitive to a change in object identity than to a change in object location (Kibbe 601 

& Leslie, 2011; Mareschal & Johnson, 2003; Simon et al., 1995). which may be related to 602 

knowledge of object action affordance4 (Kaufman et al., 2003). Recent research shows that, when 603 

tracking a moving object, even adults have only a coarse approximation of the object’s form (Li et 604 

al., 2022). Thus, it is plausible that what infants represent at the co-witnessed location — or what 605 

they generate from tracking the other’s attention — is a representation of something relevant at this 606 

location, but not necessarily a detailed representation of the object (e.g., a pink ball). The fact that 607 

it was the group that distributed their attention between agent and ball that seemed to have the 608 

stronger expectation of the ball in its actual location, is consistent with a representation of 609 

‘something’ rather than a specific object. It is also an open question what infants do or do not 610 

encode about the event they see alone. In the First condition where infants co-witnessed the first 611 

but not the second hiding with the agent, our data shows the biggest relative reduction in looking 612 

time for the non-co-witnessed location. Insofar as looking time tracks expectation, it is here that 613 

infants seem to have the least uncertainty: they act as if they predicted that no ball should be at the 614 

last location. 615 

Throughout this paper, we have described the co-witnessing advantage for object memory as a 616 

representation derived from infants’ attention to the location of others’ attention. Under this view, it 617 

 

4 We remind the reader that in the current series of studies infants played briefly with the ball they see in the 

animations seconds before watching those animations.  
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is thus not necessary for infants to represent someone’s visual attention or perspective as their 618 

perspective, in order for infants to benefit from tracking and being cued by this perspective. It is 619 

hypothesized that an altercentric bias would serve to constrain infants’ attention to events that their 620 

adult caregivers have deemed already worthy of attention and in this way, such a bias is proposed 621 

to serve an important learning function. Therefore, the hypothesis presents a way for infants to 622 

benefit from tracking others’ perspectives without needing to represent their perspective as such. 623 

Originally conceived, the altercentric bias hypothesis aimed to explain how young infants could 624 

apparently accurately predict where another agent holding a false-belief about an object’s location 625 

would search, even when the other’s representation of the object’s location should conflict with the 626 

infant’s own — a difficult challenge even for much older children. This data offers an answer to this 627 

puzzle (Saxe, 2013). Specifically, it suggests that infants can accurately predict where an agent 628 

with a false belief will search because infants have a stronger representation of the object at the 629 

location where the other has seen it, than they have at the location where they themselves have 630 

last seen the object. For young infants, this becomes the first-person representation that also drives 631 

how they expect others to behave. If correct, this implies that infants are not thinking about where 632 

the other thinks the ball to be, but they are using their — albeit erroneous — representation of the 633 

object’s location to predict where someone else will likely search. This data reveals something 634 

unique about very early human cognition: that far from being egocentric, infants may filter the world 635 

through the eyes of more knowledgeable others.  636 
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