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A B S T R A C T

Infants can represent the quantity of a set of hidden objects, but if the number of objects hidden in 
a location exceeds three, infants experience “catastrophic forgetting”, failing to represent even a 
subset of the objects. Infants’ representations of an object also are impacted by other agents’ 
visual access to an object; infants represent what an agent observed about an object instead of 
what they themselves observed. Here, we asked whether an agent’s partial visual access to a set of 
objects would impact infants’ representations of the set’s quantity, and if so, whether this impact 
would apply when infants’ own representational limits are exceeded. Ten-14-month-olds (n = 85) 
completed an ordinal choice task in which they watched an experimenter distribute different 
quantities of crackers across two containers, and were allowed to crawl to one of the containers to 
obtain its contents. We manipulated whether the quantities hidden were within or outside of 
infants’ capacity limits (1 vs. 2 or 1 vs. 4) and whether a second experimenter, who infants saw 
had also observed the crackers being distributed, had partial knowledge of the arrays (observing 1 
vs. 1 or 1 vs. 2, respectively) or no knowledge. Infants’ container choices suggested that they used 
the observing agent’s perspective to represent quantity whenever she had partial knowledge of 
the arrays. Our results suggest that an agent’s quantity representations may mandatorily supplant 
infants’ own, and this may allow infants to represent a subset of objects in situations in which 
they would normally experience catastrophic representational failure.

Introduction

To maintain a stable representation of the world, infants must be able to keep track of objects as they become hidden from view. By 
at least 3.5 months of age, infants expect a hidden object to continue to exist when it is no longer visible (Baillargeon, 1987; Baillargeon 
& DeVos, 1991; Bower, 1967), and by at least 6 months can maintain a representation of the featural or categorical identity of a hidden 
object (Kibbe & Leslie, 2011, 2016, 2019; Wilcox, 1999). Infants’ capacity to represent hidden objects improves significantly across the 
first three years of life (e.g., Cheng et al., 2019; Kibbe, 2015; Kibbe & Applin, 2022; Kibbe & Leslie, 2013; Zosh & Feigenson, 2009), 
with infants able to represent more details of more objects with increasing age.

However, infants’ capacity to represent objects is limited by the number of hidden objects. This limit is well illustrated by infants’ 
performance in studies using the ordinal choice method (e.g., Feigenson et al., 2002; Feigenson & Carey, 2005). In an ordinal choice 
task, infants (usually 10–13-month-olds) observe an experimenter hide individual food items (e.g., graham cracker sections) across two 
separate containers, with one container always holding a larger quantity of crackers than the other. Infants are then allowed to crawl 
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toward one of the containers to retrieve its contents. The majority of infants select the container with the larger number of food items 
when given a choice between 1 and 2, 1 and 3, or 2 and 3 crackers, suggesting that they were able to concurrently maintain repre
sentations of the quantity of objects in each location and select the larger quantity to maximize their food reward. But when one of the 
locations contains 4 or more food items while the other contains fewer than 4, infants select the containers at random (Feigenson et al., 
2002; Feigenson & Carey, 2005; vanMarle & Wynn, 2011). Indeed, infants fail to represent any of the hidden objects when the number 
of objects exceeds their object-tracking limit of three objects in a location (Feigenson & Carey, 2005). This pattern of “catastrophic” 
failure has been replicated using a variety of methods (for review, see Feigenson et al., 2004; Hyde, 2011; Mou & vanMarle, 2014; 
Kibbe, 2015; Wang & Kibbe, 2024) and is observed in infants up to at least 20 months of age (Barner et al., 2007; Mou et al., 2026).

Recent work has shown that infants’ object representations also are impacted by other agents’ visual access to objects (see Kibbe & 
Stahl, 2023, for review). This work suggests that infants’ encoding of others’ perspectives on objects can actually supersede infants’ own 
perspective, a phenomenon identified by Southgate (2020; Kampis & Southgate, 2020) as an “altercentric bias” in infancy, which eases 
later in toddlerhood (Yeung et al., 2022; Southgate, 2024). For example, infants expect an object to be at the location it was last seen by 
another agent, even if the infant (but not the agent) observed the object subsequently moved to a different location (Kampis & Kovács, 
2021; Kovács et al., 2010; Manea et al., 2023). Infants also encode an object’s identity from an agent’s perspective instead of their own 
perspective, even when their perspective on the object’s identity differs from the agent’s (Kampis & Kovács, 2021; Kampis et al., 2024). 
And the same neural areas are recruited when infants represent a hidden object and when infants observe another agent representing a 
hidden object (Kampis et al., 2015), suggesting that infants’ own representations may share similarities with their representations of 
others’ representations. Together, these results suggest that infants automatically compute other agents’ representations of objects, 
and that these representations often overwrite infants’ own representations of objects in the world. Southgate (2020) argues that this 
strong altercentric bias in infancy arises from the fact that human cognition is tuned to others’ perspectives and minds (across the 
lifespan, Kampis & Southgate, 2020) combined with the fact that infants are still developing their own sense of self.

The previous research described above that showed an altercentric bias for object representation in infancy did so only for situ
ations in which a single object was under consideration. That is, both the infant and the agent observed a single object, infants’ and 
agents’ perspectives differed about that single object, and infants’ representation of that object appeared to be supplanted by the 
agent’s perspective on that object. Furthermore, while an agent was present in the studies examining infants’ representations of 
quantity described above (i.e., the experimenter distributing the crackers), the agent’s perspective always matched the infants’. It is 
currently unknown whether and to what extent an agent’s representations impact infants’ representations of the quantity of objects 
hidden in a location.

On the one hand, infants’ representations of small sets of objects are thought to be supported by the same representations they use 
to represent single objects (Feigenson et al., 2004; Hyde, 2011; Cheng & Kibbe, 2025). When infants encounter a small number of 
objects, they deploy unique object indexes to each individual object, tracking each object as it moves through space (Leslie et al., 1998; 
Kibbe & Leslie, 2026). If an agent’s perspective on a single object impacts infants’ representations of a single object, then an agent’s 
perspective on a small set of single objects in a given location may also impact infants’ representations of the quantity of objects in that 
location. That is, infants’ own set of object index representations may be supplanted by the agent’s. If that is the case, then infants who 
are faced with tracking greater than three objects in a location may fare better if an observing agent is aware of only a subset of those 
objects; that is, if the agent’s perspective supplants infants’ own representations, infants may be able to retain representations of some 
of the objects without experiencing catastrophic representational failure.

On the other hand, there are reasons to suppose that infants’ own representational limits may complicate the altercentric picture. 
Even when the number of hidden objects is within infants’ capacity limits (i.e., 3 or fewer), infants represent fewer details about objects 
when their attention must be spread across multiple objects (Kibbe & Leslie, 2013; Kibbe & Applin, 2022). As the number of things 
infants must attend to increases, including both objects and agents, infants may bump up against their own representational limits and 
have more difficulty effectively representing their own or others’ representations. One study provides some support for this possibility. 
In Applin and Kibbe's (2019) study, infants were familiarized with an agent repeatedly reaching for one shape over another. The two 
shapes were then hidden behind separate occluders such that they were hidden from the infant but visible to the agent, and the infants 
heard a tone that indicated that the agent was about to reach. Infants reliably made anticipatory looks to the location of the goal object, 
but failed to notice when the object was revealed to have changed shape, suggesting that infants represented the agent’s action on the 
object (predicting she would reach in a particular location), but subsequently failed to maintain a representation of the specific object 
hidden in that location. This study suggests that, when infants’ attention is spread across a complex scene with multiple objects, they 
may default to encoding less information about objects. Furthermore, as infants’ object tracking capacity limits are exceeded (i.e., 
when 4 or more objects are hidden in a location), it is unclear to what extent such representational limits may impact their ability to 
reliably encode other information from a complex scene, including agents’ perspectives.

Do infants represent other agents’ representations of quantity? And if so, does the total number of hidden objects affect whether an 
agent’s perspective impacts infants’ representations of quantity? Here, we asked whether an agent’s partial knowledge of the quantity 
of objects hidden in a location would impact 10–14-month-old infants’ behavior in an ordinal choice task, using a 2 × 2 experimental 
design.

Infants were assigned to a Within Capacity condition or an Outside Capacity condition. In the Within Capacity condition, an 
experimenter distributed two graham crackers in one location and one graham cracker in the other (within infants’ object tracking 
limit), while in the Outside Capacity condition, an experimenter distributed four graham crackers in one location and one in the other 
(exceeding infants’ object tracking limit). Additionally, within each condition, infants were assigned to either a Partial Knowledge 
condition or a No Knowledge condition. For infants in the Partial Knowledge condition, an agent seated next to the distributor watched 
her distribute the crackers across the two locations, but only observed half of the crackers in the larger set being hidden and became 
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“distracted” while the remainder were hidden. This meant that in the Within Capacity condition, infants observed 2 vs. 1, while the 
observer observed 1 vs. 1, and in the Outside Capacity condition, infants observed 4 vs. 1, while the observer observed 2 vs. 1. For 
infants in the No Knowledge condition, the observer’s movements were identical to the Partial Knowledge condition, except that her 
eyes were closed throughout, so she did not observe any of the objects being hidden. Thus, the only difference between the Partial 
Knowledge and No Knowledge conditions was whether the agent’s eyes were open or closed, and therefore whether she observed any 
or none of the crackers being hidden.

This 2 × 2 design allowed us to examine how an agent’s partial knowledge of an array impacts infants’ behavior in an ordinal 
choice task, and whether this impact depends on whether the number of objects hidden in a location exceeds infants’ object tracking 
capacity limits. Specifically, we considered four possible hypotheses for the impact of an agent’s partial knowledge on infants’ 
behavior depending on the quantity of objects hidden, summarized in Table 1.

One hypothesis is that, while an agent’s perspective appears to overwrite infants’ own representations when tracking a single 
object, this might not extend to representations of quantity. This hypothesis supposes that the altercentric bias may arise in simple 
scenes (like when a single object is hidden in a single location), but may recede as scene processing becomes more complex, such as 
when a scene contains multiple hidden objects. Under this no impact hypothesis, an agent’s observation of the objects will not influence 
or supersede infants’ representations of quantity. Therefore, given our design we would expect infants to successfully select the larger 
quantity in the Within Capacity conditions and fail to reliably select the larger quantity in the Outside Capacity conditions, regardless 
of the observer’s knowledge (consistent with previous work that did not have an observer agent present; e.g., Feigenson et al., 2002; 
Feigenson & Carey, 2005).

A second hypothesis is that an agent’s perspective may overwrite infants’ representations of quantity, but only when the number of 
objects hidden is within infants’ object tracking capacity. It is possible that when the number of hidden objects is outside of infants’ 
object tracking capacity (and infants’ own object representations fail catastrophically; Feigenson & Carey, 2005; Wang & Kibbe, 2024), 
that this catastrophic failure could potentially extend to all representations of information in the scene that is not directly observable, 
including another agent’s perspective. Therefore, the within-capacity impact hypothesis predicts that infants in our design should 
succeed only in the Within Capacity No Knowledge condition, when the number of objects is within infants’ capacity and the ob
server’s knowledge is not interfering (a classic 2 vs. 1 success). Otherwise, this hypothesis predicts failure due to either catastrophic 
forgetting (both Outside Capacity conditions) or observer representation interference (Within Capacity Partial knowledge condition −
observer represents 1 vs. 1).

A third hypothesis is that the agent’s observation of the objects impacts infants’ representations of quantity only when infants’ 
object tracking limits are exceeded (i.e. when 4 or more objects are hidden) but not when the number of objects hidden falls within 
their object tracking limit. That is, under situations in which infants’ representational capacity is exceeded, infants may represent an 
agent’s partial knowledge, preventing catastrophic failure, but they may not be obligated to do so when their representational ca
pacities are not taxed. This hypothesis is consistent with previous work suggesting that infants may be able to take advantage of certain 
social cues, like agents’ affiliations, to group objects together, allowing them to represent more than three objects concurrently (e.g., 
Stahl & Feigenson, 2014; Stahl et al., 2023) The strategic impact hypothesis predicts that infants should succeed at every condition 
except the Outside Capacity No Knowledge condition − that is, they should use their own representations whenever possible (both 
Inside Capacity conditions) and take advantage of the agent’s partial knowledge when their capacity limits are overwhelmed (Outside 
Capacity Partial Knowledge condition).

A final hypothesis is that the agent’s representation of object quantity impacts infants’ representations irresistibly, regardless of the 
actual quantity of hidden objects. This hypothesis is consistent with the “altercentric bias” – that infants’ representations of an object’s 
location or identity is always superseded by an agent’s representation of that object, even when it conflicts with the infants’ own (e.g., 
Southgate, 2020; Kampis & Southgate, 2020). The mandatory impact hypothesis predicts that the altercentric bias would apply to 
representations of quantity as well, and that therefore infants should succeed in the Within Capacity No Knowledge condition (a 2 vs. 1 
comparison from the infants’ perspective) and the Outside Capacity Partial Knowledge condition (a 2 vs. 1 comparison from the 

Table 1 
Quantities observed by the infant and the Observer in each condition, and hypothesized patterns of infants’ choices (✓ = majority of infants select the 
larger container; x  = infants select the containers at random) under four candidate hypotheses for how the Observer may impact infants’ behavior.

Within Capacity 
(2 vs. 1)

Outside Capacity 
(4 vs. 1)

Partial Knowledge No 
Knowledge

Partial Knowledge No 
Knowledge

Infant sees 2 vs. 1 2 vs. 1 4 vs. 1 4 vs. 1
Observer sees 1 vs. 1 Nothing 2 vs. 1 Nothing

Hypotheses
No impact ✓ ✓ x x

Within-capacity impact x ✓ x x
Strategic impact ✓ ✓ ✓ x

Mandatory impact x ✓ ✓ x
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Fig. 1. Depiction of the actions of the Distributor (on the left) and the Observer (on the right) in the Partial Knowledge condition. The No 
Knowledge condition proceeded similarly, except the Observer’s eyes were closed throughout.
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agent’s perspective), but should fail in the Within Capacity Partial Knowledge condition (a 1 vs. 1 comparison from the agent’s 
perspective) and the Outside Capacity No Knowledge condition (a 4 vs. 1 comparison from the infant’s perspective).

Method

Participants

Participants were n = 85 10–14-month-old infants (mean = 12.3 months; range = 10.2 months – 14.3 months; 40 girls). Infants 
were recruited from the greater Boston area and were assigned to one of two between-participants Quantity conditions (a Within 
Capacity condition or an Outside Capacity condition), and within each Quantity condition were assigned to one of two between- 
participants Observer Knowledge conditions (Partial Knowledge of No Knowledge). This resulted in four total between-participants 
conditions (Within Capacity Partial Knowledge, n = 25; Within Capacity No Knowledge, n = 24; Outside Capacity Partial Knowl
edge, n = 18; Outside Capacity No Knowledge, n = 17).

Data were collected between 2015 and 2020, at which point data collection was abruptly stopped due to the Covid-19 pandemic, 
which made it impossible to continue testing infants in person with agents’ and experimenters’ faces in full view. Sample size was 
determined prior to data collection based on a review of previous literature that used the ordinal choice method, all of which included 
n = 16 infants per experimental condition (for meta-analysis and effect size estimates for ordinal choice tasks, see Wang & Kibbe, 
2024). A priori, we aimed to exceed 16 infants for each of our conditions, including at least 18 infants per condition, with the goal 
of having a fairly even distribution of infants across the age range in each condition. We met our intended sample size of 18 or greater 
in three of our four conditions, and exceeded 16 but fell one short of our goal of 18 in our Outside-Capacity No Knowledge condition 
before data collection was disrupted by the pandemic.

An additional 41 infants were tested but were excluded from the experiment due to parental interference (2), experimenter error 
(6), standing or walking to the containers (such that they could see what was inside before choosing; 7), or failure to approach a 
container during either the warm-up or test trial (26). The study was approved by the Boston University Charles River Campus 
Institutional Review Board (protocol #3594E).

Materials

Materials consisted of two containers (green sand pails, 20 cm across × 18 cm tall) into which could be hidden graham cracker 
sections (approximately 6 × 3 cm each). The experimenter wore a bell-covered bracelet on her right hand to guide infants’ attention 
toward each cracker as it was hidden. To familiarize infants with the procedure, we also used a smaller container (a yellow sand pail, 
13.5 cm across x 12.5 cm tall) and a set of plastic toy keys. The yellow container also was used to hold the to-be-distributed crackers 
during the test trial.

Procedure

Infants were seated on the floor with their caregiver behind them, approximately 1.5 m from two experimenters, the Distributor 
and the Observer. Caregivers were instructed to hold their infants securely until the Distributor gave a verbal cue (“What can you 
find?”) at which point they were instructed to release their infants and let them crawl.

Warm-up trial. Infants first completed a single warm-up trial. The Distributor and Observer first turned to each other. The 
Distributor waved to the Observer and said “Hi!” and the Observer responded by waving back and saying “Hi!” The Distributor then 
placed the yellow container at a center point between herself and the Observer, about 1 m from the infant. She showed the infant the 
set of plastic keys, shook them, and said, “Look at this!” She then hid the keys inside the container, looked at the infant and said “What 
can you find?”, and then returned her gaze to the container. The Observer kept her gaze fixed on the container throughout the Dis
tributor’s actions. Once the infant crawled to the container and retrieved the keys, the Distributor said “Yay, great job!”, gently took the 
keys from the infant, and placed the container and keys behind her back out of view. The caregiver was then instructed to return the 
infant to the floor in front of their lap and hold them securely. If an infant was reluctant to approach the container, the Distributor 
provided encouragement, repeating the verbal prompt and removing, shaking, and replacing the keys. If the infant still refused to 
approach the container after several prompts, the study was terminated. Infants who completed the warm-up trial proceeded to the 
single test trial.

Test trial. In the Partial Knowledge condition (Fig. 1), the Distributor held up the two green containers and said “Look at this!”, and 
then showed the insides of the containers so that infants could see they were both empty. She then placed the containers simulta
neously on the floor about 1 m apart (Fig. 1a), and proceeded to distribute crackers between the two containers.

The order of placement (whether the larger set was placed first or last) and side of the placement (whether the larger set was hidden 
in the left or the right container) was counterbalanced across infants. For illustrative purposes, here we describe the condition in which 
the larger set (either 2 or 4) was placed first and on the infant’s right and the set of 1 was placed last and on the infant’s left (as shown in 
Fig. 1).

The Observer directed her attention to the right-side container and said “Ooh!” (Fig. 1b). The Distributor then proceeded to place 
crackers in the right-side container. She held up the first cracker in the air between the two containers, looked at the infant and said 
“Look!” while jingling the bells around her wrist, and then placed the cracker in the container (Fig. 1b). She then proceeded to hide the 
remaining crackers in the larger set, holding each in the center and jingling her wrist before placing the cracker in the container (the 
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Distributor only said “Look!” when the first cracker in the set was hidden). After the Distributor had placed half of the larger set (1 
cracker in the Within Capacity condition, 2 crackers in the Outside Capacity condition), the Observer said “Oh!” in a tone suggesting 
she had forgotten something, and turned her head to look up and away from the Distributor and the containers (Fig. 1c). Once the 
Distributor had hidden the remaining crackers in the larger set (an additional 1 cracker in the Within Capacity condition, an additional 
2 crackers in the Outside Capacity condition), the Observer returned her gaze to a neutral point between the two containers. She then 
said “Ooh!” and directed her gaze to the left-side container, and the Distributor looked at the infant and said “Look!” and placed the 
single cracker in the left-side container (Fig. 1d). The Distributor then looked at the infant and said “What can you find?” (Fig. 1e), and 
both Distributor and Observer returned their gaze to a neutral point on the floor between the two containers to avoid influencing 
infants’ container choice.

Once infants touched a container, the experiment ended, and infants were allowed to eat a cracker (with caregiver permission). If 
an infant was reluctant to crawl, the Distributor repeated the prompt, “What can you find?” If the infant did not crawl after several 
prompts, they were excluded from analysis.

The No Knowledge condition proceeded similarly to the Partial Knowledge condition, with the following exceptions. The 
Distributor and Observer first greeted each other, as described above. The Observer then closed her eyes. The Distributor asked, “Can 
you see me?” and the Observer replied, “No, I can’t see anything!” The Observer then kept her eyes closed for the entire experiment. All 
of the Observer’s movements and vocalizations in the No Knowledge condition were otherwise identical to the Partial Knowledge 
condition: With her eyes closed, the Observer oriented toward each container as the Distributor began placing crackers in that 
container and said “Ooh!”, and after the first half of the larger set was hidden, the Observer turned her head away and said “Oh!”, 
returning her attention to the center after the remainder of the larger set was hidden.

Crucially, in all conditions, the Distributor ensured that infants observed the entire trajectory of each cracker from the moment the 
cracker was shown to the infant, to the moment it was placed inside one of the containers (as is common practice for ordinal choice 
tasks; see, e.g., Feigenson & Carey, 2005). The Distributor first drew infants’ attention to each cracker by waving the cracker slightly 
while jingling the bells she wore around her wrist, and then continued to gently jingle the bells as she moved the cracker into its 
container. The Distributor observed infants’ gaze direction throughout to make sure the infant was watching, and if necessary, jingled 
the bells more vigorously and said “Look! Look at this!” until infants’ attention returned to the cracker.

The quantities observed by the infant and the Observer in the four different conditions are shown in Table 1. In the Within Capacity 
conditions, the infant observed 1 versus 2 crackers hidden, and the Observer witnessed 1 versus 1 (Partial Knowledge) or nothing (No 
Knowledge). In the Outside Capacity conditions, the infant observed 1 versus 4 crackers hidden, and the Observer witnessed 1 versus 2 
(Partial Knowledge) or nothing (No Knowledge).

Experimental sessions were video recorded. Infants’ container choice (whether they chose the larger set or the set of 1) was coded 
from video by trained research assistants who were naïve to which container held the larger quantity. The distance between the 
containers was such that infants were unable to touch two containers simultaneously. Therefore, there were no disagreements in which 
container infants selected. If infants selected one container, and then crawled to the second container, their first choice was used.

Analysis approach and hypotheses

Our primary analysis is a nominal logistic regression on infants’ container choice with Quantity (Within Capacity or Outside 
Capacity) and Observer Knowledge (Partial Knowledge or No Knowledge) as factors. This two by two experimental design allowed us 
to consider four possible hypotheses for the role of the Observer’s knowledge in infants’ behavior across the different quantity con
ditions. The four hypotheses, and predicted patterns of infants’ container choices under each hypothesis, are summarized in Table 1. 
We summarize the predicted statistical outcomes for each hypothesis, below.

Under the no impact hypothesis, we would predict no effect of the Observer’s knowledge on infants’ choices. Support for this hy
pothesis would come from observation of a main effect of Quantity with no main effect of Observer Knowledge and no interactions. 
That is, infants should select the larger quantity when the quantity comparison is within their object tracking capacity (2 vs. 1), but 
choose randomly when the quantity comparison is outside of their tracking capacity (4 vs. 1), regardless of the Observer’s knowledge, 
replicating previous studies using ordinal choice that did not have an observer present (e.g., Feigenson et al., 2002; Feigenson & Carey, 
2003, vanMarle & Wynn, 2011).

Under the within-capacity impact hypothesis, we would predict that the Observer’s knowledge only impacts infants’ choices when the 
number of hidden objects falls within infants’ object tracking limit; otherwise, they experience a catastrophic representational failure 
that extends to all representations, including their representation of the agent’s representations. Support for this hypothesis would 
come from a main effect of Quantity, with infants selecting the containers randomly in both the Observer conditions when the quantity 
comparisons are outside capacity (4 vs. 1), and an interaction between Quantity and Observer Knowledge, with infants selecting the 
larger quantity in the Within Capacity condition (2 vs. 1) only when the Observer has no knowledge of the array, but not when the 
Observer has partial knowledge (such that they observed 1 vs. 1).

Under the strategic impact hypothesis, we would predict that the Observer’s knowledge only impacts infants’ choices when the 
quantity comparison exceeds infants’ object tracking capacity. Support for this hypothesis would come from a main effect of Quantity, 
with infants selecting the larger quantity in both the Observer conditions when the quantity comparisons are within capacity (2 vs. 1), 
and an interaction between Quantity and Observer Knowledge, with infants selecting the larger quantity in the Outside Capacity 
condition (4 vs. 1) only when the Observer has partial knowledge of the array (and therefore observed 2 vs. 1).

Under the mandatory impact hypothesis, we would predict that the Observer’s knowledge impacts infants’ choices whenever the 
Observer has partial knowledge of the contents of the arrays, regardless of whether the total number of objects falls within or outside 
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infants’ object tracking limit. Support for this hypothesis would come from observation of an interaction between Quantity and 
Observer Knowledge with no main effects. Specifically, we would expect infants to select the larger container in the Within Capacity 
No Knowledge condition (in which the infant sees 2 vs. 1 and the observer sees nothing) and in the Outside Capacity Partial Knowledge 
condition (in which the infant sees 4 vs. 1 and the Observer sees 2 vs. 1), but infants should choose randomly in the Within Capacity 
Partial Knowledge knowledge condition (when the infant sees 2 vs. 1 but the Observer sees 1 vs. 1) and in the Outside Capacity No 
Knowledge condition (when the infant sees 4 vs. 1 and the Observer sees nothing).

While our primary analysis of interest examined condition-based effects on infants’ choice behavior, we also conducted a secondary 
analysis comparing infants’ choices within each condition to chance (.5) using directional, one-tailed binomial tests. We included these 
directional tests since previous work that has used the ordinal choice method includes such tests, thereby facilitating comparison with 
other papers (e.g., Feigenson et al., 2002; Feigenson & Carey, 2005; Mou et al., 2026; vanMarle & Wynn, 2011; vanMarle et al., 2016). 
Specifically, these analyses test the directional hypothesis that, within a condition, infants either chose the containers at random (~50 
% of infants choosing the larger set), or they chose the container with the larger quantity (> 50 % of infants choosing the larger set).

This study was not preregistered. All analyses were conducted in SPSS and all measures are reported. Data are available at https:// 
osf.io/numjr/overview?view_only=1e4554a5ce174ecb839ad626130f3660.

Results

For our primary analysis, we analyzed infants’ choices using a nominal logistic regression with Quantity (Within Capacity or 
Outside Capacity) and Observer Knowledge (Partial Knowledge or No Knowledge) as between-participants factors. We observed no 
main effect of Quantity (Х2 = .45, p = .503) or Observer Knowledge (Х2 = .81, p = .368). We did observe a significant interaction 
between Quantity and Observer Knowledge (Х2 = 9.95, p = .002). Adding infants’ age in days as a covariate resulted again in a 
significant Quantity X Observer interaction (Х2 = 11.63, p < .001), but no effects relating to Age. The results of this analysis, and 
inspection of Fig. 2, suggests that infants’ choices across conditions were consistent with the mandatory impact hypothesis.

For our secondary analyses, we followed this up with directional tests comparing infants’ choices to random guessing. A majority of 
infants selected the larger quantity in the Within Capacity No Knowledge condition (when infants saw 1 vs. 2 and the Observer saw 
nothing; 17/24 infants, binomial test p = .032, one-tailed) and in the Outside Capacity Partial Knowledge condition (when infants saw 
1 vs. 4 but the Observer saw 1 vs. 2, 16/19 infants, binomial test p = .002, one-tailed), while infants’ choices were closer to random in 
the Within Capacity Partial Knowledge condition (when infants saw 1 vs. 2 but the Observer saw 1 vs. 1, 11/25 infants, binomial test p 
= .345, one-tailed) and in the Outside Capacity No Knowledge condition (when infants saw 1 vs. 4 but the Observer saw nothing; 11/ 
25 infants, binomial test p = .315, one-tailed).

Discussion

Previous research has shown that infants can represent multiple hidden objects, but their representations fail “catastrophically” 
when the number of hidden objects exceeds three (Feigenson & Carey, 2003, 2005; Wang & Kibbe, 2024). Previous research also has 

Fig. 2. Percentage of infants choosing the larger set or the set of 1 cracker across the four experimental conditions. The dashed line represents the 
percentage that would be expected if infants were choosing randomly (50 %).
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shown that infants’ own representations of a single object also can be overwritten by another agent’s perspective on an object 
(Southgate, 2020; ). Here, we asked whether and to what extent infants’ representations of quantity are impacted by another agent’s 
partial knowledge of the number of hidden objects in a location when the number of objects hidden in a location was within or 
exceeded infants’ object tracking limit.

Our results provide support for the hypothesis that infants automatically use an agent’s representation of quantity instead of their 
own in an ordinal choice task, at least under the conditions tested here. When an agent represented one container as containing more 
than the other, infants chose the larger quantity, even when the number of objects in that location exceeded infants' own object 
tracking limit. However, when an agent represented the two containers as containing the same quantity, infants chose randomly, even 
when the number of objects in the locations was within infants' object tracking limit. When the agent did not have visual access to the 
arrays, infants showed the typical pattern of behavior in an ordinal choice task without an observer agent present.

We suggest that infants represent another agent’s quantity representations irresistibly (consistent with the altercentric bias hy
pothesis of Southgate, 2020), and that these representations overwrite their own representations of quantity. Further, these repre
sentations can actually scaffold infants in situations when they would typically be overwhelmed by their own object tracking 
limitations. This mandatory offloading of representation onto others is powerful, because it allows infants to retain something about an 
array when they typically would retain nothing, providing a more stable representation of the world (albeit a possibly non-veridical 
representation) that infants can use to guide behavior and learning.

Are there other possible explanations for infants’ behavior? Previous research suggests that infants can use perceptual cues like 
sounds or spatial separation of sets to “chunk” sets of objects and exceed their object tracking limits (e.g., Feigenson & Halberda, 2008). 
The observer’s movement and sound could have provided infants with such chunking cues, allowing them to group objects in the larger 
set to help them represent the entire set. However, we think this possibility is unlikely, since the agent’s motions and sounds were 
equated across Knowledge conditions – if the agent’s sounds and movement prompted infants to chunk the array, they should have 
been able to use those cues in both of the Knowledge conditions in the Outside Capacity condition, and infants should have succeeded 
in both Within Capacity conditions as well.

A more plausible alternative explanation is that infants in the Partial Knowledge conditions may not have actively represented 
another agent’s representation. Instead, they may have used the agent’s gaze direction as a cue to pay attention to only a subset of the 
objects. That is, when the agent was watching the array being hidden, infants may have focused on the agent, but when the agent 
looked away, infants may have focused on the objects being hidden. This would mean that infants only represented the objects that 
were hidden when the agent wasn’t paying attention. However, we think this possibility is unlikely for a few reasons. First, the 
experimenter who distributed the crackers made sure that infants’ attention was on each cracker, and ensured that infants looked at 
and followed the full path of each cracker as it was hidden. Second, if infants only attended to the arrays when the agent was not paying 
attention, we would expect infants to select the larger container in both Partial Knowledge conditions, since the choice in both con
ditions would be between something and nothing. However, this is not what we observed (Fig. 2).

A related possible alternative explanation is that, for infants in the Partial Knowledge condition, the agent’s diverted attention 
away from the containers may have simply “reset” the scene for infants. That is, while infants may have fully attended to each object, 
they may have retained representations only of the objects that were hidden after the agent looked away. We also think this possibility 
is unlikely. In previous studies examining infants’ representations of objects (e.g., manual search tasks; Wang & Kibbe, 2024), a single 
experimenter typically engages with the infants and the objects, and then diverts their gaze away from the scene (e.g., by looking 
down) to avoid influencing infants’ behaviors during the measurement period. In those studies, the disengagement is abrupt and highly 
salient, but infants’ behaviors suggest that they have maintained representations of the objects in the scene (e.g., they search inside a 
box for missing objects following the experimenter’s abrupt disengagement). Further, on a practical note, if shifts in agents’ attention 
lead to an obliteration of previous representations for infants, it would be very difficult indeed for infants to make sense of others’ 
actions (see Kibbe & Stahl, 2023 for related discussion). Nevertheless, this possibility is consistent with the results we observed, and 
further research is needed to experimentally rule it out.

One puzzling aspect of our study, and indeed other studies that have shown altercentric biases in infants (e.g., Kampis & Kovács, 
2021; Southgate et al., 2007), is that there were two other minds that had access (or not) to the arrays of objects: in our case, the 
Distributor (who had the same knowledge as the infant) and the Observer (whose knowledge differed from the infant’s). Why did 
infants appear to represent the Observer’s perspective on the arrays rather than the Distributor’s? One possibility is that infants 
preferentially attend to the mental states of agents whose perspectives appear to differ from their own (for extensive discussion, see 
Southgate, 2020; Kampis & Southgate, 2020). Since representing and selecting among multiple agents’ mental states is challenging for 
children (Leslie et al., 2004), infants may allocate limited attentional resources to an agent that appears to have differential access to a 
scene, thereby making better use of their limited representational resources. For infants who are still developing the distinctions 
between minds (including their own and others’), this may consequently mean encoding the scene from that agent’s perspective rather 
than their own. Further work is needed to better understand the range of cues that infants’ may use (e.g., the agent’s gaze direction or 
focus of attention) in situations where the agent’s and infants’ perspectives conflict, or in situations in which an agent is present but has 
no access to information in the scene.

Future work is also needed to investigate the limits on infants’ mandatory offloading of representation of quantity onto other 
agents. For example, in our study, the agent’s representation of quantity always fell within infants’ own object tracking limit. It is 
currently unknown whether such a limit applies to infants’ representations of an agent’s quantity representation. There also are open 
questions about how long infants are subject to the mandatory impact of another agent’s perspective before they shift to a more mature 
ability to manage both their own and others’ perspectives. Southgate (2020) suggests that the altercentric bias eases in toddlerhood. In 
our study, the agent’s perspective appeared to impact infants similarly across our age range (see also Kampis & Kovács, 2021, for 
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evidence of an altercentric bias in 14-month-olds), but other studies using more simplified scenes suggested that the altercentric bias 
begins to recede at least around 12 months (Manea et al., 2023). It is possible that the complexity of the scene or the complexity of the 
information infants must represent could “push around” the altercentric bias in toddlerhood. Future work should examine the extent to 
which the altercentric bias is impacted by the representational demands of a task.

This work also has some limitations. Although our overall sample size was sufficient for our planned analyses, the sample sizes 
within each condition, while comparable or greater than previous work that has used the ordinal choice method (e.g., Feigenson & 
Carey, 2005; Feigenson et al., 2002; vanMarle & Wynn, 2011; see Hyde, 2011; Wang & Kibbe, 2024, for review), were fairly small, and 
the sample itself is limited to infants in the greater Boston area. We also used a single method − ordinal choice − which requires infants 
to track two sets into occlusion and execute a crawling behavior to make a choice. Further work is needed to evaluate the strength and 
generality of these findings beyond the sampling approach and method tested here.
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