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Detecting dominance relationships, within and across species, provides a clear fitness advantage because this ability helps individuals
assess their potential risk of injury before engaging in a competition.
Previous research has demonstrated that 10- to 13-mo-old infants
can represent the dominance relationship between two agents in
terms of their physical size (larger agent = more dominant), whereas
younger infants fail to do so. It is unclear whether infants younger
than 10 mo fail to represent dominance relationships in general, or
whether they lack sensitivity to physical size as a cue to dominance.
Two studies explored whether infants, like many species across the
animal kingdom, use numerical group size to assess dominance relationships and whether this capacity emerges before their sensitivity
to physical size. A third study ruled out an alternative explanation
for our findings. Across these studies, we report that infants 6–12 mo
of age use numerical group size to infer dominance relationships.
Specifically, preverbal infants expect an agent from a numerically
larger group to win in a right-of-way competition against an agent
from a numerically smaller group. In addition, this is, to our
knowledge, the first study to demonstrate that infants 6–9 mo
of age are capable of understanding social dominance relations.
These results demonstrate that infants’ understanding of social
dominance relations may be based on evolutionarily relevant
cues and reveal infants’ early sensitivity to an important adaptive function of social groups.
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ompetition for valuable resources such as mates, food, and
territory (1) is commonplace across the animal kingdom. To
minimize the cost of fighting (e.g., energy spent and personal
injury or death), natural selection appears to have favored the
emergence of cognitive adaptations that help individuals predict
whether they stand a chance against an opponent (2–5). For
example, many species, including ants, bees, birds, chimpanzees,
and humans, appear to represent dominance relationships among
conspecifics and use this information to decide whether to engage
in or avoid a physical conflict (6–10). One such cue often associated with dominance ranking is physical size, with larger individuals often benefiting from greater strength and power over smaller
individuals. Natural selection has also favored adaptations that
exploit this inference, such that under threat, certain species adopt
postures that make them appear bigger (11, 12) in order to
intimidate an opponent.
Underscoring the possibility that representations of social
dominance may be part of humans’ evolved psychology, recent
evidence has demonstrated that preverbal human infants infer
social dominance relationships by comparing the physical size of
two competing agents (13). In this earlier study, infants were
introduced to two agents (one twice as large as the other), each
with the goal of crossing to the opposite side of a platform. When
both agents tried to cross the platform at the same time, their
paths conflicted. Infants were shown two scenarios: one in which
the larger agent yielded to the smaller agent, and one in which
the smaller agent yielded to the larger agent. Although 10–13 mo
olds expected a smaller agent to yield to a larger agent, younger
infants (8–9 mo) failed to show any systematic belief about which
agent should prevail. Therefore, only older infants were able to
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use the relative physical size of two competing agents to infer
which one would get the right of way.
Because younger infants did not reliably use physical size as a
cue to social dominance, it remains unclear whether the younger
infants were incapable of representing dominance relationships
in general, or if they lacked sensitivity to this particular cue. To
address this issue, the present study examined whether infants’
understanding of social dominance extends to cues beyond physical size—namely, to numerical group size, and if so, whether such
a sensitivity emerges earlier in development.
For many group-living animals, including social insects (7),
wolves (14), hyenas (15), lions (16), primates (6), and human
children and adults (5, 10), the ability to infer social dominance
by assessing the numerical size of one’s own group relative to
another is particularly important for survival (15, 17). The importance of this capacity to evaluate one’s own group size relative to another is illustrated by groups of chimpanzees patrolling
their territory borders. To advertise the numerical strength of
their group to others (18, 19) and deter opposing groups from
approaching (20, 21), both males and females will engage noisy
pant-hoot calling. In general, both chimpanzees and lions are
more likely to approach if they outnumber intruders, but will
stay silent and refrain from engaging in intergroup conflict if they
do not (6, 16, 22, 23). Consequently, a group’s decision to engage
in competition is more likely to occur if there are more individuals in one’s own group than in the opposing group (22, 24).
Further, the relationship between numerical group size and inferences about social dominance has also been recently observed
among children ages 6–8 y (5). School-aged children predicted
that alliance strength would determine the likelihood of success
in a conflict, such that two individuals aligned together were
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expected to win against a single individual. Coupled with the
evidence reviewed from behavioral ecology, numerical group size
may serve as an evolutionarily relevant cue to social dominance
that humans are sensitive to within the first few years of life.
Indeed, if young human infants have core knowledge of social
relationships, as some have argued (13, 25), along with the capability to track the numerical size of small groups (26), it is possible
that infants may be able to draw on both capacities to support
inferences about the social dominance relationship between groups
that differ in numerical size. If infants infer that individuals from
larger groups are more dominant than individuals from smaller
groups, this would demonstrate that infants’ understanding of social dominance can extend beyond the direct relationship between
two competing individuals. Specifically, such a finding may shed
light on whether infants already have an understanding of how
social alliances operate—namely, that group members may help
their own during a conflict, which confers a benefit to having more
alliance members in close proximity during a conflict (10).
Here, we explored whether infants can infer the dominance
relationship between two agents from groups that differ in numerical size by modifying the methodology designed by Thomsen
et al. (13). In our study, infants were first introduced to two groups
that differed in numerical size (but equated for total surface area)
and color. Next, infants were familiarized to an agent from each
group independently achieving their goal of crossing a platform.
When both of these agents attempted to cross the platform simultaneously, they bumped into one another. Therefore, the only
way an agent could continue along their goal path was if one agent
yielded to the other by moving out of the way.
In study 1, we investigated whether 9- to 12-mo-old infants use
numerical group size as a cue to social dominance. In study 2, we
examined whether 6- to 9-mo-old infants (who have not yet been
shown to represent social dominance relationships between individuals) would also be sensitive to the cue of numerical group size.
Infants in studies 1 and 2 viewed the same sequence of events.
Study 1
We presented 48 infants between the ages of 9 and 12 mo (mean
age = 10.68 mo, SD = 25 d, 25 females) with short animations
that depicted the actions and goals of two novel agents, each
belonging to a group that differed in numerical size and color
(Fig. 1). Crucially, whereas the two groups differed in numerical
size, the total surface area of the groups was matched. Therefore,
only numerical size (and not continuous extent) could be used to
determine the dominance relationship among individuals from
these groups. Infants were first familiarized to one agent from
each group crossing a platform alone (Movies S1 and S2). Only
Pun et al.

Fig. 2. Example of one agent from both the numerically larger group and
numerically smaller group blocking each other’s goal path.
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Fig. 1. Example of the numerically larger group (n = 3) and numerically
smaller group (n = 2) introduced at the start of the study.

one agent from each group crossed the platform and both of
these agents were identical in physical size. Then, infants saw
both agents attempt to cross the platform at the same time,
resulting in the two agents bumping into each other (Fig. 2 and
Movie S3). Last, infants viewed two outcome trials, one where
the agent from the numerically larger group prevailed (expected
outcome; Movie S4) and one where the agent from the numerically smaller group prevailed (unexpected outcome; Movie S5).
Infants’ looking time to each trial was recorded. We reasoned
that if infants use numerical group size to infer which agent is
more dominant, then infants should be more surprised (and
therefore look longer) when the agent from the numerically
smaller group prevails (unexpected outcome).
We ran an ANOVA with a difference score (calculated from
infants’ looking times to the unexpected and expected outcomes)
entered as the dependent variable, and entered two betweensubjects factors: trial order (expected outcome trial first vs. unexpected outcome trial first) and gender. No main effect of trial
order was found (F1, 47 = 1.04, P = 0.31). In addition, no main
effect of gender (F1, 47 = 0.004, P = 0.95) or interaction between
trial order and gender (F1, 47 = 0.32, P = 0.58) was observed. To
rule out the possibility of age differences, we ran the same
analysis and entered age as a covariate. We found no significant
differences due to age (F1,47 = 0.52, P = 0.47).
As predicted, infants looked longer to the unexpected outcome
trial, in which an agent from the numerically larger group yielded
to an agent from the numerically smaller group (mean = 9.72 s)
compared with the expected outcome trial: (mean = 5.86 s), 95%
CI [1.43, 6.30], t(47) = 3.19, P = 0.003, d = 0.62 (Fig. 3). Our main
finding was further supported when the data were examined
nonparametrically. Of 48 participants, 36 (75% of the sample)
looked longer to the unexpected outcome trial in comparison with
the expected outcome trial: χ2 (1, 47) = 12.00, P = 0.001.
To our knowledge, this study is the first to demonstrate that
infants use the numerical size of a group as a cue to social
dominance, and expect an agent from a numerically larger group
to be dominant. Although physical size (13) and numerical group
size are both sufficient cues to dominance, our study shows that
physical size is not a necessary cue, because the two competing
agents in our study were matched along this dimension. Importantly, infants are not only capable of differentiating between the
numerical quantity of groups and determining whether one
group is larger or smaller (26), but they use this information to
infer the dominance relationship between competing individuals
from those groups. Furthermore, it is important to note that the
noncompeting group members from both groups did not assist
in any way during the conflict. Thus, infants must have inferred

Of 48 participants, 35 (73% of the sample) looked longer to the
unexpected outcome trial in comparison with the expected outcome trial, χ2 (1, 48) = 10.08, P = 0.001.
Results from study 2 demonstrate once again that infants can
use the relative numerical size of two groups to infer the social
dominance relationship between competing individuals from
those groups. Like older infants, younger infants expect an agent
from a numerically larger group to be socially dominant. This
result is especially interesting in light of previous experiments
where infants younger than 10 mo of age failed to represent
social dominance relationships among two competing individuals
that differed in their physical size (13).

Fig. 3. Mean looking time to unexpected outcome trial compared with
expected outcome trial for 9- to 12-mo-old infants. Error bars denote SE of
the mean.
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which competing agent would be dominant through their alliance
with a numerically larger group; this may suggest that infants
understand that the presence of alliance members confer a
competitive advantage, even if they are not directly involved in
an observed conflict.
Study 2
It is possible that the reported failure of infants’ ability to reason
about social dominance relationships before 9 mo of age (25)
reflects a genuine lack of infants’ capacity to establish such
representations. Alternatively, younger infants may be capable of
understanding social dominance relations, but simply do not use
physical size to infer dominance. To determine whether infants’
ability to infer social dominance from the numerical size of a
group emerges before their sensitivity to relative physical size, we
conducted the same experiment as in study 1 with a sample of 48
infants between the ages of 6 and 9 mo. Importantly, this sample
included the age ranges that reportedly fail to use physical size to
reason about social dominance (13). These infants (mean age =
7.40 mo, SD = 30 d, 20 females) viewed the same sequence of
events as the 9- to 12-mo-old infants in study 1.
We ran an ANOVA with a difference score (calculated from
infants’ looking times to the unexpected and expected outcomes)
entered as the dependent variable, and entered two betweensubjects factors: trial order (expected outcome trial first vs. unexpected outcome trial first) and gender. A main effect of trial
order was found (F1, 47 = 9.37, P = 0.004, ηp2 = 0.18). This effect
was mainly driven by infants viewing the unexpected outcome
trial first, such that infants looked longer on average when
viewing the unexpected outcome trial first, as opposed to viewing
the unexpected outcome trial second (Table S1). No main effect
of gender (F1,47 = 2.14, P = 0.15) or interaction between trial
order and gender (F1,47 = 0.00, P = 0.98) was observed. To rule
out the possibility of age differences, we ran the same analysis
and entered age as a covariate. We found no significant differences due to age (F1,47 = 1.45, P = 0.24).
A paired-samples t test comparing the mean looking time (s)
that infants ages 6–9 mo spent looking at the screen following the
unexpected outcome trial (mean = 10.41 s) and the expected
outcome trial (mean = 6.75 s) was significant, 95% CI [1.37,
5.95], t(47) = 3.22, P = 0.002, d = 0.57 (Fig. 4), replicating our
finding observed with the older sample from study 1. Thus, even
younger infants are more surprised when an agent from a numerically smaller group prevails at the expense of an agent from
a numerically larger group. As with study 1, this finding was further supported when the data were examined nonparametrically.
2378 | www.pnas.org/cgi/doi/10.1073/pnas.1514879113

Study 3
In studies 1 and 2, we presented infants with two groups varying in
numerical size, but matched in total surface area. Infants looked
longer when an agent from the numerically larger group yielded to
a same sized agent from the numerically smaller group. Though we
interpret this result as evidence that infants use numerical size of a
group to reason about the dominance relationship between individuals from those groups, there is another possible interpretation
to consider. With the limited cues to depth inherent in our computer display, the relative size vs. distance of each individual on the
screen might have been difficult to discern after viewing one agent
yield to the other agent on the platform. It is possible that infants
noticed this change in state and remained fixated on the screen to
compare the relative size and distance of the agent that yielded to
the remaining individual(s) from the agents’ own group. Accordingly, this account would predict that infants looked longer to our
unexpected outcome trial, because there were more size and depth
comparisons to assess between the individuals in the larger group
(three individuals) relative to the smaller group (two individuals).
To address this alternative hypothesis, we conducted a study
with 48 infants between the ages of 6 and 12 mo (mean age =
8.40 mo, SD = 1.44 mo, 22 females). In this study, we modified
the stimuli presented in studies 1 and 2 by eliminating the conflict between an agent from each group. To begin, participants
viewed the group introduction sequence (same as studies 1 and 2).
Then, participants observed one agent from each group move
simultaneously to the platform below. In one trial, infants viewed
the agent from the numerically larger group attempt to cross the
platform. However, a barrier already present in the middle of the
platform obstructed the agent’s path (Fig. 5). Once the agent
reached the middle of the platform, the agent bumped into the
barrier three times. Then, the agent bowed down and retreated
toward the back of the platform (in a manner identical to the

Fig. 4. Mean looking time to unexpected outcome trial compared with
expected outcome trial for 6- to 9-mo-old infants. Error bars denote SE of
the mean.
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retreating motion observed in studies 1 and 2; Movie S6). In the
other trial, infants viewed the same sequence of events when
the agent from the numerically smaller group attempted to cross
the platform (Movie S7). Because this new stimuli eliminated
conflicting goals between agents, infants should not automatically
reason about social dominance relationships. Thus, if infants’ attention to each trial is driven by an effort to compare the relative
size and distance of the retreating agent to the remaining individual(s) from the agents’ own group, then infants should look
longer to the trial in which the agent from the numerically larger
group retreats toward the back of the platform.
We ran an ANOVA with a difference score (calculated from
infants’ looking times to the trial in which an agent from the
larger group retreats and the trial in which an agent from the
smaller group retreats) entered as the dependent variable, and
entered two between-subjects factors: trial order (agent from
larger group retreats first vs. agent from smaller group retreats
first) and gender. A main effect of trial order was found (F1,47 =
6.27, P = 0.016, ηp2 = 0.13). This effect was mainly driven by
infants looking longer, in general, to the second trial presented
(Table S2). No main effect of gender (F1,47 = 0.12, P = 0.73) or
interaction between trial order and gender (F1,47 = 0.37, P = 0.55)
was observed. To rule out the possibility of age differences, we ran
the same analysis and entered age as a covariate. We found no
significant differences due to age (F1,47 = 0.23, P = 0.63).
A paired-samples t test comparing the mean looking time (s) to
each trial type revealed that infants did not look significantly
longer to the trial in which the agent from the larger group
retreated (mean = 10.53 s) compared with the trial in which the
agent from the numerically smaller group retreated (mean = 10.20 s),
95% CI [−2.20, 2.86], t(47) = 0.26, P = 0.79, d = 0.04. Furthermore,
when the data were examined nonparametrically, half of the infants
(n = 24) looked longer to the trial in which the agent from the
larger group retreated, and half looked longer to the trial in which
the agent from the smaller group retreated, χ2 (1, 47) = 0.00, P =
1.00. Therefore, infants’ mean looking times were not driven by
one particular trial type. Although a null result, this finding suggests that it is unlikely infants in studies 1 and 2 looked longer to an
agent from a numerically larger group yielding to an agent from a
numerically smaller group because participants were trying to use
changes in apparent physical size to make sense of the size and
depth of the 2D characters on the screen.
Discussion
To our knowledge, this is the first study to demonstrate that infants
as young as 6 mo of age can represent the dominance relationship
between two competing agents in terms of the numerical size of
Pun et al.
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Fig. 5. Example of one agent from the numerically larger group (n = 3)
being obstructed by a barrier.

their respective social groups. Whereas previous research has
demonstrated that 10- to 13-mo-olds are capable of using physical
size to predict whether an individual should be dominant or subordinate to another (13), younger infants were unable to do so.
Thus, our data suggest that the reported failure among younger
infants to represent social dominance in this earlier study may have
been due to the specific cue tested—specifically, understanding the
relationship between physical size and social dominance may require more time for infants to learn.
Why might numerical group size be an earlier emerging cue to
social dominance than physical size? Interestingly, perceptual cues
such as physical size may not always serve as a reliable indicator of
social dominance, especially among species that form cooperative
social relationships with conspecifics. For example, in nonhuman
primates, male chimpanzees striving to achieve a higher status
position cannot attain this on their own, and must rely on the support
of other males (27, 28). Supporting a male that achieves a higher
status position confers benefits to the subordinate males as well.
Specifically, higher-status males can provide greater mating opportunities to coalition partners as well as support and protection during
a conflict against other coalitions or neighboring groups (6, 27, 29).
Therefore, higher-status positions are not necessarily reserved for the
largest individuals, but rather can be achieved by smaller (and/or
younger) individuals that can successfully cultivate social alliances
(30, 31). In comparison with physical size, numerical group size may
be a more reliable or salient indicator of social dominance. Often the
consequences of being outnumbered are greater than the consequences of being outsized. The mob behavior of several avian species
on larger birds of prey being just one example where group size
trumps physical size (32). Another possibility is that infants respond
to group size earlier than physical size not because of conceptual
changes in their representations of social dominance, but because
infants find number more salient than physical size (which corresponds with surface area). For instance, Brannon et al. (33) showed
that 6-mo-old infants could discriminate a twofold increase in number but not a twofold increase in surface area.
The early sensitivity to the relationship between numerical size
and social status may in part be due to both assessments sharing
a common representational system. Specifically, in adults, social
status comparisons (e.g., military rank) are processed in the same
brain region (inferior parietal cortex) in which numerical ratio
discrimination is computed (34, 35). Further, judgments of numerical quantity and social status exhibit a similar constraint; this
is known as the numerical distance effect and semantic distance
effect, respectively, where individuals take longer to compare
two points closer on a scale (e.g., 34 vs. 35; associate professor vs.
assistant professor) than points further on the same scale (e.g.,
30 vs. 50; associate professor vs. janitor) (34–36).
Although infants appear to attribute greater dominance to an
individual from a numerically larger group, it is unclear what kinds
of inferences infants make about group members that do not directly participate in the conflict. For instance, even though the two
competing agents in studies 1 and 2 were physically the same size,
the relative size of these individuals with respect to their own
group members differed. More specifically, the competing agent
from the numerically larger group was always physically larger
than the other members of her group, and the competing agent
from the numerically smaller group was always physically smaller
than the other member of her group. Given the differences in
relative physical size within groups, it is possible that infants used
relative physical size to evaluate within-group dominance rankings
first, before using these rankings to predict the outcome of a between-groups competition. Consequently, infants may expect an
agent with a higher within-group dominance ranking (i.e., the
largest individual within the group) to also have a between-groups
advantage, even when facing an opponent that is identical in size.
Although future research will need to explore this possibility,
this account cannot fully explain our findings based on the
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methodology we used. First, Thomsen et al. (13) showed that infants younger than 10 mo of age were unable to use the physical
size of agents to represent dominance relationships. Thus, if infants relied on physical size to evaluate within-group dominance
relationships before assessing between-group dominance relationships, only infants older than 10 mo of age would have
expected an individual from a numerically larger group to be
dominant over an individual from a numerically smaller group in
our study. However, we found that 6- to 9-mo-old infants can use
the relative numerical size of two groups to infer the social
dominance relationship between competing individuals from those
groups. Second, Mascaro and Csibra (25) demonstrated that 12and 15-mo-old infants have to witness one agent prevail over
another agent when encountering competing goals to make inferences about the agents’ dominance relationship. Because none
of the infants in our study observed a direct competition between
agents within the same group, our infants would not have enough
information to assess dominance relationships within each group.
Future research may also want to examine infants’ expectations
of the behavior of group members during a conflict. It is possible
that infants may expect individuals from the same group to help an
own group member during a perceived conflict. Consistent with
this hypothesis, in a recent study with 6- to 8-y-olds, alliance
strength was found to be an important predictor of a group’s
success, such that allies were expected to win against a single individual with no allies (5). Because infants as young as 3 mo of age
understand that an agent’s goal (such as trying to climb up a hill)
can be helped or hindered by another individual (37, 38) and by
7 mo also expect social group members to act alike (39), it is
possible that infants may expect additional members of a group to
help one another during a conflict. This hypothesis could be directly tested by examining infants’ surprise when an individual
from one group refuses to help someone from their own group or
helps someone from an opposing group.
Furthermore, how infants weigh the benefits of increased group
size with the potential cost of loss or injury of group members can
speak to theories of intergroup conflict that posit distinct functional
roles for different members of a group (10). For example, Lanchester
(10) has proposed that the Linear and Square Law can help assess
the benefits of increased group size with the cost of losing individuals in battle. More specifically, the Linear Law is based on the
assumption that there is little-to-no fitness advantage for individuals from the numerically larger group to concentrate attacks on
individuals from the numerically smaller group until they are
needed to replace others that have been removed from the battle
(owing to injuries or fatalities). According to the Linear Law individual fighting abilities and the number of individuals in a group
will both influence the group’s resource holding potential (the
capacity for one’s group to impose costs on the other group), such
that the resource holding potential of the larger group will increase
as a linear function of their numerical size advantage. Therefore, a
larger group may strategize to send out their “best” fighters first, to
eliminate more members of the smaller group.
Conversely, the Square Law assumes that all individuals from the
numerically larger group will simultaneously attack the individuals
from the numerically smaller group (10). According to the Square
Law, numerical group size has the greatest influence on the group’s
resource holding potential, and is less dependent on individual
fighting ability. Consequently, the resource holding potential of the
larger group will increase as a square function of their numerical
size advantage. Therefore, working together as a unit provides the
greatest advantage when fighting a smaller group of individuals.
Studies with infants’ and young toddlers’ expectations of the
behavior of group members during an intergroup conflict may
help reveal the extent to which they hold beliefs about the timing
of when a group member will intervene (before or after a group
member is defeated), how many group members will intervene
on behalf of a compatriot (one or many), and the particular
2380 | www.pnas.org/cgi/doi/10.1073/pnas.1514879113

order with which group members may intervene (larger individuals first or random). Identifying the constraints on infants’
reasoning about the role of group members in intergroup conflict
may help to clarify which (or whether) such laws are part of an
early emerging system for reasoning about intergroup cognition.
Materials and Methods
All research was conducted in accordance with the Behavioral Research
Ethics Board guidelines (approval no. H10-00147). The University of British
Columbia approved all experiments. A legal guardian provided consent on
behalf of each participant.
Studies 1 and 2.
Participants. For studies 1 and 2, 48 infants for each age group were recruited
from a local science center and tested in a soundproof testing room located onsite. In study 1, we analyzed the data from infants between the ages of 9 and
12 mo (mean age = 10.68 mo, range = 9.36–12.00 mo, SD = 25 d, 25 females).
According to parental report, 47% of infants included in the final sample were
classified as Caucasian, 32% as East Asian, and 21% as other ethnicities. An
additional 28 participants were excluded from the sample because they did
not watch the screen during the critical sequence in which one of the agents
bowed down and moved out of the other agent’s path of motion (n = 12),
fussed out (n = 10), or because of sibling or parental interference (n = 6). These
exclusion rates are typical for studies with infants in community-based testing
centers where infants are removed from otherwise highly stimulating environments before their participation in the study, and are comparable to the
exclusion rate for the study conducted by (13), which also investigated infants’
understanding of social dominance in a museum setting.
In study 2, we analyzed the data from infants between the ages of 6 and 9 mo
(mean age = 7.40 mo, range = 6.00–9.12 mo, SD = 30 d, 20 females). According
to parental report, 66% of infants included in the final sample were classified as
Caucasian, 18% as East Asian, and 16% as other ethnicities. An additional 21
participants were excluded from the sample because they did not watch the
screen during the critical sequence in which one of the agents bowed down and
moved out of the other agent’s path of motion (n = 11), fussed out (n = 7), or
because of sibling or parental interference (n = 3).
Procedure. For all studies, the procedure was identical. Each participant was
seated on the lap of their caregiver in a sound proof testing room for the
duration of the study, ∼140 cm from the center of a television screen
measuring 48” in diameter. To ensure that caregivers would not influence
their child’s behavior, they were instructed to either keep their eyes closed
or were asked to wear a pair of opaque glasses for the duration of the study.
Caregivers were also asked to remain silent and to not otherwise direct the
child’s’ attention during the course of the study. The experimenter sat adjacent to the infant and caregiver, separated by a distance of ∼4 feet and
hidden behind a black curtain. The experimenter remained behind the
curtain and out of the infants’ line of sight for the duration of the study.
Stimuli. For studies 1 and 2, the stimuli were identical.
Group introduction sequence. All participants were first familiarized to two
groups of novel animated characters – one group of blue characters and one
group of green characters similar to the animations designed by Thomsen
et al. (13) (Fig. 1). To introduce these groups, the green characters appeared
on the opposite side of the screen from the blue characters, and infants
observed each set of characters bounce in synchrony with other members of
their group for a duration of 3 s. For example, members of the green group
bounced together, followed by members of the blue group (order was counterbalanced across participants). One group was always numerically larger than
the other, and this was counterbalanced between participants. We chose numerical groups consisting of two agents and three agents, because previous
research has demonstrated that infants as young as 6 mo are able to reliably
distinguish between the ratio of 2:3 individual objects in a variety of contexts
and methodologies (26). To ensure that infants’ attention was exclusively
drawn to numerical magnitude and not overall continuous extent (40), we
equated the amount of surface area occupied by each group on the screen.
Goal familiarization trials. Following the group introduction sequence,
participants observed one agent from one of the groups move to a platform
on the bottom of the screen and then move to the opposite side of the screen.
To ensure that infants understood that the agent had the goal of crossing the
platform, this sequence repeated for a minimum of two trials and a maximum
of four trials. The total number of trials depended on whether the infant
looked away from the screen (for at least 1 s), as others have previously done
(13). Next, infants observed one agent from the other group perform the
same actions, albeit moving across the screen in the opposite direction as the
first agent, once again for a maximum of four repetitions of the same
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color-matched group members from which they belonged (either in the
upper left- and right-hand corners of the screen).
Study 3.
Participants. For study 3, 48 infants were recruited from a local science center and
tested in a soundproof testing room located on-site. We analyzed the data from 48
infants between the ages of 6 and 12 mo (mean age = 8.40 mo, range = 6.12–11.52
mo, SD = 1.44 mo, 22 females). According to parental report, 41% of infants included in the final sample were classified as Caucasian, 24% as East Asian, and 35%
as other ethnicities. An additional 13 participants were excluded from the sample
due to fussing out (n = 8) or sibling/parental interference (n = 5).
Procedure. Identical to studies 1 and 2.
Stimuli. In study 3, infants saw two test trials. Each trial began with infants
viewing the group introduction sequence (as above). After the group introduction sequence, one agent from each group (the same agents viewed in
the goal familiarization trials in studies 1 and 2) moved simultaneously to the
platform below. One agent remained stationary, and the other proceeded to
move to the opposite side from which they came. In one trial, infants viewed
the agent from the numerically larger group attempt to cross the platform.
However, a barrier placed in the middle of the platform obstructed the
agent’s path. Once the agent reached the middle of the platform, the agent
bumped into the obstacle for a total of three times. Then, the agent bowed
down and moved along the platform (in a direction perpendicular from
which they were moving previously; Movie S6). Once the agent bowed and
moved to the back of the platform, the animation froze and total looking
duration for that trial was recorded until the infant looked away for more
than two consecutive seconds, or until 30 s had elapsed. In the other trial,
infants viewed the agent from the numerically smaller group attempt to
cross the platform, who was also obstructed by the barrier (Movie S7). The
order of these two trials was counterbalanced across participants.
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sequence or until the infant looked away for at least 1 s. The order in which
infants viewed the agent from the numerically larger (or numerically
smaller) group cross the platform first in the first set of familiarization trials
was counterbalanced across participants. Importantly, both agents who
crossed the platform were identical in physical size (Movies S1 and S2).
Intertrial. The intertrial began with infants viewing the group introduction
sequence, in which both groups bounced one at a time. After the group
introduction sequence, one agent from each group (the same agents viewed
in the goal familiarization trials) moved to the platform below simultaneously and proceeded to move to the opposite side from which they came.
Moving across the platform, albeit in opposing directions, the two agents
bumped into each other in the middle of the platform, slightly backed up, and
then bumped into each other again. For a third and final time, the agents
slightly backed up and then bumped into each other again. (Fig. 2 and Movie
S3). This intertrial firmly established that when each agent pursued their
goal of crossing the platform at the same time, a conflict ensued.
Test trials. Following the intertrial event, infants viewed two test trials in
which one agent on the platform yields to the other agent. Thus, after the two
agents bumped into each other a third time during the intertrial event, one of
the agents bowed down and moved out of the way so the other agent could
cross to the other side of the platform. Based on our hypothesis that infants may
use the numerical size of two groups to infer dominance relationships among
individuals from those groups, in the unexpected outcome trial, the agent from
the numerically larger group moved out of the way so that the agent from the
numerically smaller group could cross the platform (Movie S5). In the expected
outcome trial, the agent from the numerically smaller group moved out of the
way to allow the agent from the numerically larger group could cross the
platform (Movie S4). The order of these two trials was counterbalanced. After
the agent crossed the platform, the animation froze and total looking duration for that trial was recorded until the infant looked away for more than
two consecutive seconds, or until 30 s had elapsed.
The methods described in the goal familiarization trial, intertrial, and test
trials described each agent moving in an identical manner to Thomsen et al.
(13). The only modifications made to the stimuli were done to address our
particular research question, such that the two competing agents were of
the same physical size and were first shown bouncing exclusively with the

