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ABSTRACT Infant social cognition depends on at least two
evolved systems: the psychological- and sociomoral-reasoning
systems. Each system has at its core a distinct explanatory
framework of principles and concepts. The psvchological-
reasoning system enables infants to interpret agents’ inten-
tional actions and is constrained by a principle of rationality
(with its corollaries of consistency and efficiency). When
infants observe an agent act in a scene, the psychological-
reasoning system infers the mental states that underlie the
agent’s actions; if the scene changes, infants use these mental
states—together with the rationality principle—to predict the
agent’s likely actions. Recent evidence indicates that infants
are already capable of sophisticated mentalistic reasoning and
can attribute to agents not only motivational states (e.g.,
goals) and epistemic states (e.g., ignorance), but also coun-
terfactual states (e.g., false beliefs). The sociomoral-reasoning
system guides infants’ expectations about how individuals
should act toward others and is constrained by several prin-
ciples, including reciprocity, fairness, and ingroup (with its
corollaries of loyalty and support). When infants observe two
or more individuals interact in a scene, the sociomoral-
reasoning system determines what actions are obligatory, what
actions are permissible, and what actions are impermissible,
This chapter reviews key findings concerning each system in
infancy.

Beginning in the first year of life, infants attempt to
make sense of the actions of others. At least two causal-
reasoning systems contribute to this process: the
psychological-and sociomoral-reasoning systems (for a com-
prehensive review, see Baillargeon et al., 2014). Each
system operates largely without explicit awareness and
has at its core a distinct explanatory framework com-
prising key principles and concepts. The psychological-
reasoning system infers agents’ mental states (e.g.,
Leslie, 1994), and the sociomoral-reasoning system
determines what is obligatory, permissible, and imper-
missible in social interactions (e.g., Dwyer, 2009).

To illustrate the purview of each system, imagine that
infants are observing the following scene. Mary is stack-
ing rings on a table; the last ring rolls to the floor, and
Mary vainly attempts to reach it. At that point, Jane
enters the scene; she observes Mary’s efforts, walks over
to the fallen ring, and picks it up. The psychological-
reasoning system would enable infants to interpret

Mary’s and Jane’s individual actions by inferring the
mental states underlying these actions (e.g., Mary wants
to stack all the rings, she noticed that the last one fell,
and she is trying without success to reach it; Jane under-
stands what Mary is trying to do, and she purposefully
walks to the ring and picks it up). The sociomoral-
reasoning system would allow infants to form expecta-
tions about what Jane should do next (e dsi it
obligatory for Jane to give the ring to Mary? is it permis-
sible for Jane to drop the ring back to the floor? is it
impermissible for Jane to steal the ring?) and how Mary
should respond to Jane’s actions.

In this chapter, we review findings on psychological
and sociomoral reasoning in infancy (i.e., before age
2). These findings are important not only for develop-
mental psychology but also for cognitive science gener-
ally, because they inform and constrain theoretical
models about the nature and causal etiology of human
intuitive social cognition.

Psychological reasoning

AGENTS When infants encounter a novel entity, they
gather evidence about its ontological status. If the entity
is capable of autonomous motion (e.g., begins to move
Or reverses course on its own), infants categorize it as
self-propelled and endow it with internal energy (e.g.,
Luo, Kaufman, & Baillargeon, 2009). If the entity has
autonomous control over its actions (e.g., uses varied
means to achieve the same goal or responds purpose-
tully to changes in its environment), infants categorize
it as agentive and endow it with mental states (e.g.,
Csibra, 2008; Johnson, Shimizu, & Ok, 2007). Finally, if
the entity gives evidence that it is both self-propelled
and agentive, infants categorize it as an animal and
endow it with biological properties, such as filled insides
(Setoh, Wu, Baillargeon, & Gelman, 2013).

By 3 to 5 months of age, infants can already identify
and reason about novel nonhuman agents (e.g., Hamlin
& Wynn, 2011; Luo, 2011: Luo & Baillargeon, 2005).
These findings make it unlikely that infants gradually
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construct (e.g., through their own experiences as
agents) an abstract understanding of intentional action
that is then extended to novel agents; rather, these find-
ings support the view that psychological reasoning is an
adaptation that emerges early in life and enables infants
to interpret the actions of any entity they identify as an
agent.

MENTAL STaTES  Infants who observe an agent actin a
scene can attribute at least three kinds of mental states
to the agent: motivational states, which capture the
agent’s motivation and include goals and attitudinal
dispositions (e.g., Csibra, 2008; Woodward, 1998); epis-
temic states, which represent what the agent knows about
the scene and include knowledge and ignorance states
(e.g., Liszkowski, Carpenter, & Tomasello, 2008; Luo &
Johnson, 2009); and counterfactual states, which corre-
spond to reality-incongruent states such as false beliefs
and pretense (e.g., Onishi & Baillargeon, 2005; Onishi,
Baillargeon, & Leslie, 2007). A decoupling mechanism is
recruited by the psychological-reasoning system to help
represent counterfactual states (e.g., Baillargeon et al.,
2014; Leslie, 1994). For example, when the agent holds
a false belief about the scene, the decoupling mecha-
nism enables infants to temporarily put aside—or
decouple from—their own perspective on the scene in
order to adopt the agent’s perspective.

Elicited- and mnonelicited-response  false-belief tasks Until
recently, it was generally assumed that false-belief
understanding does not emerge until about age 4 and
constitutes a major milestone in the development of
mentalistic reasoning (e.g., Wellman, Cross, & Watson,
2001; Wimmer & Perner, 1983). This assumption was
based on findings from elicited-response tasks. In these
tasks, children are presented with a scene where an
agent holds a false belief about some aspect of the
scene, and they are asked a direct question about the
agent’s likely behavior. For example, children listen to
a story enacted with props: Sally hides her toy in a
basket and leaves; in her absence, Anne moves the toy
to a box. Children are asked where Sally will look for
her toy when she returns. At about age 4, children typi-
cally answer correctly, pointing to the basket; in con-
trast, most 3-year-olds point to the box, as though they
do not yet understand that Sally will hold a false belief
about her toy’s location (e.g., Baron-Cohen, Leslie, &
Frith, 1985).

The evidence that false-belief understanding is
present long before age 4 comes from nonelicited-response
tasks (e.g., Baillargeon, Scott, & He, 2010; Scott, He,
Baillargeon, & Cummins, 2012). In these tasks, children
are again presented with an agent who holds a false

belief; instead of asking how the agent will act, however,
investigators assess children’s understanding of the
agent’s false belief using various indirect measures. For
example, positive results have been obtained with
infants in the second year of life using violation-of-
expectation tasks (e.g., infants detect a violation when
Sally searches for her toy in its current location; Onishi
& Baillargeon, 2005), anticipatory-looking tasks (e.g.,
infants anticipate that Sally will approach the toy’s origi-
nal location; Senju, Southgate, Snape, Leonard, &
Csibra, 2011), anticipatory-pointing tasks (e.g., infants
spontaneously point to inform Sally about her toy’s new
location; Knudsen & Liszkowski, 2012), and prompted-
action tasks (e.g., infants respond appropriately to
prompts to help Sally, such as “Go on, help her!”; But-
telmann, Carpenter, & Tomasello, 2009). Evidence of
false-belief understanding has been obtained using
similar tasks with infants as young as 7 months of age
(e.g., Kovdcs, Téglas, & Endress, 2010).

Processing-load account  1f children are capable of repre-
senting false beliefs at an early age, why do they fail at
elicited-response tasks until about age 4? According to
the processing-load account (e.g., Baillargeon et al.,
2014), these tasks have considerable executive-function
demands (for alternative accounts, see Butterfill &
Apperly, 2013; Perner & Roessler, 2012). When children
are asked the test question (e.g., “Where will Sally look
for her toy?”), a response-selection process is activated
(e.g., Mueller, Brass, Waszak, & Prinz, 2007) that inad-
vertently triggers a “reality bias™: because agents usually
look for an object where it is located, the prepotent
response is that Sally will look for her toy in its current
location. Thus, instead of—or in addition to—tapping
their representation of Sally’s false belief, children tap
their own knowledge about the toy’s current location.
As a result, children cannot succeed unless their inhibi-
tion skills are sufficiently mature to suppress the prepo-
tent response generated by the reality bias (e.g., Birch
& Bloom, 2003; Leslie & Polizzi, 1998).

If young children’s difficulties were entirely due to
their inability to inhibit prepotent responses, we would
expect them to succeed at elicited-response tasks that
circumvent the reality bias. One such task is the
“undisclosed-location” task: instead of moving Sally’s
toy from the basket to the box, Anne takes it away to an
undisclosed location. As children do not know where
the toy is, the reality bias should have little effect,
leaving them free to answer the test question by tapping
their representation of Sally’s false belief. However,
young children typically perform at chance in
undisclosed-location tasks (Wellman et al.,, 2001).
According to the processingload account, the joint
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demands of the false-belief-representation and response-
selection processes overwhelm young children’s limited
working-memory resources, leading to chance perfor-
mance. This account predicts that young children
should succeed at undisclosed-location tasks when
response-selection demands are reduced through prac-
tice trials, and recent results confirm this prediction
(Setoh, Scott, & Baillargeon, 2011).

Tue Rationanrty PriNciere  Adults’ expectations
about agents’ actions are guided by a rationality prin-
ciple: all other things being equal, adults expect agents
to act rationally—indeed, this is what makes it possible
to predict their actions (e.g., Dennett, 1987; Fodor,
1987). Corollaries of the rationality principle include
expectations of consistency—agents should act in a
manner consistent with their mental states—and
¢fficiency—agents should expend as little effort as
possible to achieve their goals (e.g., Baillargeon et al.,
2014; Gergely, Nddasdy, Csibra, & Biré, 1995). Like
adults, infants expect agents to adhere to the rational-
ity principle. When infants observe an agent act in a
scene, the psychological-reasoning system attempts to
build a psychological explanation for the agent’s actions
by positing a causally coherent set of mental states that
portrays these actions as rational. If infants succeed in
building such an explanation, they can then use it
(along with the rationality principle) to predict how
the agent will behave when the scene changes.

Consistency In a well-known consistency task (e.g.,
Woodward, 1998), infants first receive familiarization
trials in which an agent faces two objects, object-A and
object-B, and repeatedly reaches for object-A. In the test
trials, the objects’ locations are switched, and the agent
reaches for either object-A (old-object event) or object-B
(new-object event). In another version of the task (e.g.,
Robson & Kuhlmeier, 2013), object-B is replaced with
new object-Cin the test trials, and the agent reaches for
either object-A (old-object event) or object-C (new-object
event). In either case, infants typically look longer at
the new- than at the old-object event. This result sug-
gests that during the familiarization trials, infants notice
that the agent continually chooses object-A over
object-B, and, based on this systematic choice informa-
tion, they attribute to the agent a particular disposition,
a liking or preference for object-A. During the test
trials, infants expect the agent to confinue acting on
this preference, and they detect a consistency violation
when the agent reaches for the other object instead.
Additional findings support this interpretation. First,
infants do notattribute a preference to the agent during
the familiarization trials if object-A is the only object

present (e.g., Luo & Baillargeon, 2005), or if the agent
does not know that object-B is present (e.g., Luo &
Johnson, 2009); in either case, there is no longer choice
information signaling the agent’s disposition toward
object-A. Second, infants attribute a preference to the
agent during the familiarization trials even if object-A
is the only object present, as long as the agent expends
effort to obtain object-A (e.g., in each familiarization
trial, the agent must open a container in order to
retrieve object-A; Bird, Verschoor, & Coenen, 2011).
Third, infants view preferences as attributes of individ-
ual agents: if Mary prefers object-A over object-B, infants
do not expect Jane to share the same preference (e.g.,
Buresh & Woodward, 2007; see Egyed, Kirdly, & Gergely,
2013, for an interesting exception involving pedagogi-
cal cues). Finally, infants attribute preferences when-
ever agents’ choices systematically deviate from random
sampling (e.g., when an agent chooses only ducks from
a box containing mainly frogs; Kushnir, Xu, & Wellman,
2010).

Efficiency In a well-known efficiency task (e.g., Csibra,
2008), infants first receive familiarization trials in which
an agent detours around an obstacle in order to reach
a target. In the test trials, the obstacle is removed, and
the agent either moves to the target in a straight line
(short-path event) or detours as before when approach-
ing the target (long-path event). Infants typically look
longer at the long- than at the short-path event. This
result suggests that during the familiarization trials,
infants attribute to the agent the goal of reaching the
target. During the test trials, infants expect the agent to
maintain this goal and to pursue it efficiently: with the
obstacle removed, a more efficient path to the target
becomes possible, and infants detect an efficiency viola-
tion when the agent ignores this path and follows the
familiar, less efficient path instead.

Additional findings support this interpretation. First,
similar results have been obtained with various detour
tasks, including an agent reaching over an obstacle to
grasp an object (e.g., Phillips & Wellman, 2005). Second,
when considering physical effort, infants evaluate not
only the shortest path possible for reaching a target, but
also the shortest action sequence possible for obtaining
an object: infants expect an agent who has access to two
identical objects to choose the one that can be retrieved
with fewer actions (Scott & Baillargeon, 2013). Third,
infants consider mental as well as physical effort when
reasoning about efficiency: if an agent is presented with
two identical objects, one under a transparent cover
and one under an opaque cover, infants expect the
agent to choose the visible object, which can be retrieved
with less mental effort (Scott & Baillargeon, 2013).
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Irrational agents The preceding results indicate that
when infants are able to build a well-formed psychologi-
cal explanation for an agent’s actions, they use this
explanation to predict how the agent will act when the
scene changes. As might be expected, when infants are
unable to build a well-formed explanation for an agent’s

actions, they hold no expectations about the agent’s -

subsequent behavior. Such negative results have been
obtained (1) when it is unclear why the agent is pursu-
ing a particular goal (e.g., the agent is attempting to
steal an undesirable object; Scott, Richman, & Baillar-
geon, 2014) or why the agent is refraining from pursuing
a particular goal (e.g., the agent is staring at an acces-
sible object but does not reach for it; Luo, 2010); (2)
when the agent’s actions are inconsistent with her
knowledge about the scene (e.g., the agent expresses
excitement over an empty container; Chow & Poulin-
Dubois, 2009); and (3) when the agent’s actions are
inefficient and involve either an unnecessary action
(e.g., the agent opens a container before grasping an
object that stands next to the container; Biré et al.,
2011) or an unnecessary detour (e.g., the agent jumps,
for no apparent reason, while approaching a target;
Gergely et al., 1995).

When presented with an inefficient action on a novel
object, infants occasionally give the agent the benefit of
the doubt: they assume that a rational agent would not
perform this action unless there was a reason for doing
so. Thus, after watching a model activate a light-box by
touching it with her forehead, while her hands lay idle
on either side of the light-box, infants tend to imitate
the model’s inefficient head action (Meltzoff, 1988).
Infants use their hands to activate the light-box, however,
if the model’s hands are occupied while she demon-
strates the (now merely expedient) head action
(Gergely, Bekkering, & Kirily, 2002).

Sociomoral reasoning

As it became clear that infants can make sense, at least
in simple situations, of the actions of a single agent,
researchers were naturally led to ask whether infants
also possess expectations about social interactions
among two or more agents, bringing about a new focus
on sociomoral reasoning.

VALUEs Because many sociomoral expectations pre-
suppose an ability to assess the values of social actions,
initial investigations explored this ability in infants. In
general, the value of a social action is determined by its
valence (positive, negative, or neutral) and magnitude
(more or less) (e.g., Jackendoff, 2007; Premack, 1990).
As might be expected, positive actions are those that

have a beneficial effect on others, whereas negative
actions are those that have a detrimental effect.
Research with infants age 10 months and older indi-
cates that (1) they can assess the valence of both
positive (e.g., helping, sharing) and negative (e.g., hin-
dering, hitting) actions (e.g., Behne, Carpenter, Call, &
Tomasello, 2005; Premack & Premack, 1997); (2) they
show an affiliative preference for individuals who
produce positive actions over individuals who produce
negative actions (e.g., Hamlin, Wynn, & Bloom, 2007);
(3) through evaluative contagion, they show affiliative
preferences for individuals who behave positively toward
individuals who have produced positive actions and for
individuals who behave negatively toward individuals
who have produced negative actions (e.g., Hamlin,
Wynn, Bloom, & Mahajan, 2011); and (4) they expect
others to have similar affiliative preferences (e.g.,
Fawcett & Liszkowski, 2012; Hamlin et al., 2007).

Tue RecrprociTy PRINCIPLE - Adults expect individu-
als to act in accordance with a reciprocity principle: if A
acts in some way toward B, who chooses to respond,
then B’s reciprocal action should match A’s initial
action in value, though it need not match in form (e.g.,
Jackendoff, 2007; Premack, 1990). Recent evidence
indicates that by the second year of life, infants already
possess an expectation of reciprocity (e.g., Dunfield &
Kuhlmeier, 2010; He, Jin, Baillargeon, & Premack,
2014).

In one violation-of-expectation experiment, for
example, 15-month-olds watched live events involving
two unfamiliar women who sat at windows in the right
wall (E1) and back wall (E2) of a puppetstage appara-
tus (He et al,, 2014). During the familiarization trials,
E1 either gave a cookie to E2 ( give-cookie condition) or
stole E2’s cookie (steal-cookie condition). During the test
trial, while E2 watched, E1 stored stickers one by one
in a colorful box; as she was about to store her last
sticker, a bell rang, and E1 exited, leaving her last sticker
on the apparatus floor. Next, either E2 stored the sticker
in the box, thus helping E1 by completing her actions
(storesticker event), or E2 tore the sticker into four
pieces and dropped them on the apparatus floor (tear-
sticker event). In either case, after finishing her actions,
E2 looked down and paused until infants looked away
and the trial ended.

In the give-cookie condition, infants looked reliably
longer at the final paused scene if shown the tear
sticker as opposed to the store-sticker event; in the
steal-cookie condition, the opposite looking pattern
was found. These results suggested two conclusions.
First, infants expected E2 to follow the reciprocity prin-
ciple: when El had acted positively toward E2, infants

10 DEVELOPMENTAL AND EVOLUTIONARY COGNITIVE NEUROSCIENCE



detected a reciprocity violation if E2 acted negatively
toward E1; conversely, when E1 had acted negatively
toward E2, infants detected a reciprocity violation if E2
acted positively toward E1. Second, infants could detect
these violations even though E2's reciprocal actions
toward El differed in form from E1’s initial actions
toward E2, pointing to an abstract expectation of reci-
procity. These conclusions were supported by a second
experiment identical to the first except that in the test
trial E2 entered the apparatus only after E1 had exited.
E2 found the sticker on the apparatus floor and, as
before, either stored it or tore it up. Infants in both
conditions looked about equally at the storesticker
and tear-sticker events. Because E2 did not know to
whom the sticker belonged, her actions were not wit-
tingly directed at E1. Therefore, the reciprocity princi-
ple did not apply, and infants held no expectations
about E2’s actions.

Tue FARNESs PRINCIPLE According to the fairness
prinéiple, all other things being equal, individuals
should treat others fairly when allocating windfall
resources, dispensing rewards for effort or merit, and
so on (e.g., Haidt & Joseph, 2007; Premack, 2007).
Traditionally, investigations of fairness in 3- to 5-year-
olds have used first-party tasks, where the children
tested are potential recipients, and third-party tasks,
where they are not. Perhaps not surprisingly given
young children’s pervasive difficulty in curbing their
self-interest, a concern for fairness has typically been
observed only in third-party tasks (e.g., Baumard,
Mascaro, & Chevallier, 2012; Olson & Spelke, 2008).
Extending these results, recent investigations using
third-party tasks have revealed that infants in the second
year of life already possess an expectation of fairness
(e.g., Geraci & Surian, 2011; Schmidt & Sommerville,
2011; Sloane, Baillargeon, & Premack, 2012).

In one violation-of-expectation experiment, for
example, 19-month-olds watched live events in which
an experimenter divided two objects between two iden-
tical animated puppet giraffes (Sloane et al., 2012). At
the start of each trial, the two giraffes protruded
from openings in the back wall of the apparatus; in
front of each giraffe was a small placemat. The giraffes
“danced” until the experimenter entered the apparatus
carrying two identical objects (e.g., edible cookies), and
announced, “I have cookies!”; the giraffes then
responded excitedly, “Yay, yay!” (in two distinct voices).
Next, the experimenter placed either one object in
front of each giraffe (equal event) or both objects in
front of the same giraffe (unequal event). Finally, the
experimenter left, and the two giraffes looked down at
their placemats and paused until the trial ended.

Infants Jooked reliably longer at the final paused
scene in the unequal than in the equal event, suggest-
ing that, by 19 months, infants expect a distributor to
divide resources fairly between two similar recipients.
This conclusion was supported by two control condi-
tions. In one, the giraffes were inanimate (they never
moved or talked), and infants looked about equally at
the two test events. In the other, instead of bringing in
and distributing the two objects in each trial, the experi-
menter removed covers resting over the giraffes’ place-
mats to reveal the objects; infants again looked equally
at the two test events, suggesting that they did not
merely expect similar individuals to have similar
numbers of items.

THE INGROUP PRINCIPLE According to the ingroup
principle, members of a social group should act in ways
that sustain the group (e.g., Baillargeon et al., 2014;
Brewer, 1999). The ingroup principle has two corollar-
ies, loyalty and support, each of which carries a rich set
of expectations. Ingroup loyalty dictates that in situa-
tions involving ingroup and outgroup individuals, one
should (1) prefer and align with ingroup as opposed to
outgroup individuals, (2) protect ingroup individuals
who are threatened by outgroup aggressors, and (3)
display favoritism toward ingroup over outgroup indi-
viduals (e.g., when allocating scarce resources). Ingroup
support dictates that when interacting with ingroup
individuals, one should (1) engage in prosocial actions
such as helping ingroup members in need of assistance
and comforting ingroup members in distress, and (2)
limit negative interactions within the ingroup by refrain-
ing from unprovoked negative actions, curbing retalia-
tory actions, and engaging in social acting, the
well-intentioned deception adults routinely practice
(e.g., white lies) to support ingroup members (Baillar-
geon et al,, 2013; Yang & Baillargeon, 2013). Although
all of these expectations are being explored with
infants (see Baillargeon et al., 2014), due to space con-
straints we focus below on the first expectation in
each set,

Ingroup loyalty Infants align their toy and food choices
with those endorsed by speakers of their native lan-
guage (e.g., Kinzler, Dupoux, & Spelke, 2012; Shutts,
Kinzler, McKee, & Spelke, 2009). In one preferential-
reaching experiment, for example, 10-month-olds from
English-speaking families sat at a table in front of a
computer monitor and received four test trials (Kinzler
et al., 2012). Each trial had a speech phase in which
infants heard, in alternation, a woman who spoke
English and a woman who spoke French, followed by a
toy-modeling phase, in which the two women stood side
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by side, each silent, smiling, and holding a different Loy
animal; reallife replicas of the toys rested on the table
below the monitor. Following the toy-modeling phase,
infants were wheeled closer to the table to select one of
the toys. Across trials, infants reliably chose the toy held
by the English speaker. These results suggest that when
infants face two unfamiliar women, one from their
speech community and one from a different speech
community, they extend ingroup status to the woman
from their speech community and align their choices
with hers, in accordance with the ingroup principle.

Ingroup support Infants help an experimenter in need
of assistance (e.g., Warneken & Tomasello, 2006, 2007),
as long as they extend ingroup status to the experi-
menter through either an appropriate familiarization
phase (e.g., Barragan & Dweck, 2012) or affiliative
primes (e.g., Over & Carpenter, 2009). For example,
Warneken and Tomasello (2007) presented 14-month-
olds with three out-of-reach scenarios in which a famil-
iarized experimenter required help (e.g..he accidentally
dropped a marker on the floor and unsuccessfully
reached for it). Most infants helped the experimenter
in at least one scenario. Infants are less likely to comfort
a familiarized experimenter in distress, perhaps because
appropriate interventions are harder to identify (e.g.,
Svetlova, Nichols, & Brownell, 2010). In third-party
tasks, however, infants do expect an adult to comfort
a crying baby (e.g., Jin et al, 2012; Johnson et al.,
2010). In one violation-of-expectation experiment, for
example, 12-month-olds watched videotaped responsive
and unresponsive test events (Jin et al.,, 2012). In the
responsive event, a woman folded towels on the left side
of a room; at the back of the room were a chair with
additional towels and a large stroller (one could not see
whether there was a baby inside the stroller). Next, a
baby began to cry; the woman walked to the stroller and
bent over it, as though attempting to comfort the crying
baby. The unresponsive event was similar except that it
involved a different woman, who walked to the chair to
pick up more towels, ignoring the crying baby. Infants
looked reliably longer at the unresponsive than at the
responsive event; this effect was eliminated when the
baby laughed in the recorded soundtrack.

Conclusion

The evidence reviewed in this chapter suggests that
infant social cognition involves at least two evolved
systems that work together seamlessly, beginning in the
first year of life. The psychological-reasoning system
enables infants to interpret the intentional actions of
agents and is constrained by a principle of rationality

(with its corollaries of consistency and efficiency). The
sociomoral-reasoning system guides infants’ expecta-
tions about social interactions and is constrained by
several principles, including reciprocity, fairness, and
ingroup (with its corollaries of loyalty and support).
Although much research is needed to understand each
system and its neurological basis, the present review
makes clear that key components of adult social cogni-
tion are already in place in infancy.

ACKNOWLEDGMENTS ~ Preparation of this chapter was supported
by an NICHD grant to Renée Baillargeon (HD-021104). We
thank Dan Hyde for helpful comments.

REFERENCES

BaiLLarceoN, R, HE, Z., SETOH, P,, Scort, R. M., SLOANE, S.,
& YaNG, D. Y. (2013). False-belief understanding and why
it matters: The social-acting hypothesis. In M. R. Banaji &
S. A. Gelman (Eds.), Navigating the social world: What infants,
children, and other species can teach us (pp. 88-95). New York,
NY: Oxford University Press.

BarLLarceox, R, ScorT, R. M., & HE, Z. (2010). False-belief
understanding in infants. Trends Cogn Sci, 14, 110-118.

BArLLARGEON, R, ScotT, R. M., HE, Z., SLOANE, S., SETOH, P.,
Jin, K, Wo, D, & Bian, L. (2014). Psychological and socio-
moral reasoning in infaney. In M. Mikulincer & P. R. Shaver
(Eds.) and E. Borgida & J. Bargh (Assoc. Eds.), APA hand-
book of personality and social psychology: Vol. 1. Attitudes and
social cognition (pp. 79-150). Washington, DC: APA.

BaroN-CoHEN, S., LesLIE, A. M., & Frrrh, U. (1985). Does
the autistic child have a “theory of mind™? Cognition, 21,
37-46.

BarraGaN, R. C., & DwECk, C. S. (2012). Is a norm of reciprocity
necessary for young children to help? Paper presented at the
Biennial International Conference on Infant Studies, Min-
neapolis, MN,

Baumarp, N, Mascaro, O., & CHEVALLIFR, C. (2012). Pre-
schoolers are able to take merit into account when distrib-
uting goods. Dev Psychol, 48, 492-498,

BEHNE, T., CARPENTER, M., CALL, ]., & ToMmaseLLO, M. (2005).
Unwilling versus unable: Infants’ understanding of inten-
tional action. Dev Psychol, 41, 328-337.

BircH, S. A. J., & Brooy, P. (2003). Children are cursed: An
asymmetric bias in mental-state attribution. Psychol Sci, 14,
283-286.

Bir6, S., VERSCHOOR, S., & COENEN, L. (2011). Evidence for
a unitary goal concept in 12-month-old infants. Dev Sei, 14,
1255-1260.

BrewERr, M. B. (1999). The psychology of prejudice: Ingroup
love and outgroup hate? J Soc Issues, 55, 429-444.

BuresH, |. S., & Woonwarp, A. L. (2007). Infants track action
goals within and across agents. Cognition, 104, 287-314.

BuTTELMANN, D., CARPENTER, M., & ToMASELLO, M.
(2009). Eighteen-month-old infants show false-belief under-
standing in an active helping paradigm. Cognition, 112,
337-342.

BUTTERFILL, S. A., & ApPERLY, . A. (2013). How to construct
a minimal theory of mind. Mind Lang, 28, 606-637.

12 DEVELOPMENTAL AND EVOLUTIONARY COGNITIVE NEUROSCIENCE



Cuow, V., & PouLiN-Dusors, D. (2009). The effect of a look-
er’s past reliability on infants’ reasoning about beliefs. Dev
Psychol, 45, 1576-1582.

CsiBra, G. (2008). Goal attribution to inanimate agents by

DENNETT, D. C. (1987). The intentional stance. Cambridge, MA:
MIT Press.

DUNFIELD, K., & KUHLMEIER, V. A. (2010). Intention-mediated
selective helping in infancy. Psychol Sci, 21, 523-527.

DWYER, S. (2009). Moral dumbfounding and the linguistic
analogy: Methodological implications for the study of moral
judgment. Mind Lang, 24, 274-296.

Ecyep, K., Kirivry, L., & GErRGELY, G. (2013). Communicating
shared knowledge in infancy. Psychol Sci, 24, 1348-1353.
FawceTT, C., & Liszkowski, U. (2012). Infants anticipate
others’ social preferences. Infant Child Dev, 21, 239-249,
FoDOR, J. A. (1987). Psychosemantics: The problem of meaning in

the philosophy of mind. Cambridge, MA: MIT Press.

GERACI, A., & SURIAN, L. (2011). The developmental roots of
fairness: Infants’ reactions to equal and unequal distribu-
tions of resources. Dev Sci, 14, 1012-1020.

GERGELY, G., BEKKERING, H., & Kiriry, I. (2002). Rational
imitation in preverbal infants. Nature, 415, 755.

GeRrGELY, G., Nipaspy, Z., CsiBra, G., & Biré, S. (1995).
Taking the intentional stance at 12 months of age. Cogni-
tion, 56, 165-193.

Harpt, J., & JosepH, C. (2007). The moral mind: How five
sets of innate intuitions guide the development of many
culture-specific virtues, and perhaps even modules, In
P. Carruthers, S. Laurence, & S. Stich (Eds.), The innate
mind: Vol. 3. Foundalions and the future (pp. 367-391).
Oxford, UK: Oxford University Press.

Hamun, J. K., & Wynn, Ko (2011). Young infants prefer
prosocial to antisocial others. Cognitive Dev, 26,
30-39.

HaMmuin, J. K., WynN, K, & Broowm, P. (2007). Social evalua-
ton by preverbal infants. Nature, 450, 557-559.

Hamuin, J. K., Wyan K, BLooy, P, & Manajan, N. (2011).
How infants and toddlers react to antisocial others. Proc Natl
Acad Sci USA, 108, 19931-19936.

HE, Z., JiN, K., BAILLARGEON, R., & PREMACE, D. (2014). Do
infants understand tit-for-tat? Evidence for early expecta-
tions about reciprocation and retaliation. Manuscript
under review.

JACKENDOFF, R. (2007). Language, consciousness, culture: Essays
on mental structure. Cambridge, MA: MIT Press.

Jin, K., HousTtoN, J., BAILLARGEON, R., Roisman, G. L,
SrLoaNE, 8., & GroH, A. M. (2012). 8-month-olds expect an
adult to respond to a crying but not to a laughing infant. Paper
presented at the Biennial International Conference on
Infant Studies, Minneapolis, MN,

Jonnson, S. C, Dweck, C. S, Cuen, F. S., Stern, H. L.,
Ox, S+., & Barta, M. E. (2010). At the intersection
of social and cognitive development: Internal working
models of attachment in infancy. Cognitive Sci, 34,
807-825.

Jonnson, S. C., SHvIzU, Y. A, & OXK, S.J. (2007). Actors and
actions: The role of agent behavior in infants’ attribution
of goals. Cognitive Dev, 22, 310-322.

KinzLEer, K. D., Duroux, E., & SpeLkE, E. S. (2012). “Native”
objects and collaborators: Infants’ object choices and acts
of giving reflect favor for native over foreign speakers.
J Cogn Dev, 13, 67-81.

Exupsen, B., & Liszrowskl, U. (2012). Eighteen- and
24-month-old infants correct others in anticipation of
action mistakes. Dev Sci, 15, 113-122.

Kovacs, A. M., TEcLAs, E., & Express, A. D. (2010). The
social sense: Susceptibility to others’ beliefs in human
infants and adults. Science, 330, 1830-1834.

Kusnnigr, T, Xvu, F, & WeLLman, H. M. (2010). Young chil-
dren use statistical sampling to infer the preferences of
other people. Psychol Sci, 21, 1134-1140.

Lesvie, A. M. (1994). Pretending and believing: Issues in the
theory of ToMM. Cognition, 50, 211-238.

LesLie, A. M., & Povrizzi, P. (1998). Inhibitory processing
in the false belief task: Two conjectures. Dev Sci, 1,
247-253.

Liszrowskl, U., CARPENTER, M., & ToMmaseLLo, M. (2008).
Twelve-month-olds communicate helpfully and appropri-
ately for knowledgeable and ignorant partners. Cognition,
108, 732-739.

Lvo, Y. (2010). Do 8month-old infants consider situational
constraints when interpreting others’ gaze as goal-directed
action? Infancy, 15, 392-419.

Luo, Y. (2011). Three-month-old infants attribute goals to a
non-human agent. Dev Sci, 14, 453-460.

Luo, Y, & BarLLARGEON, R. (2005). Can a self-propelled box
have a goal? Psychological reasoning in 5-month-old infants.
Psychol Sci, 16, 601-608.

Lvo, Y, & Jonnson, S. C. (2009). Recognizing the role of
perception in action at 6 months. Dev Sci, 12, 142-149.

Lvo, Y, Kaurman, L., & BarLarceon, R. (2009). Young
infants’ reasoning about events involving inert and self-
propelled objects. Cognitive Psychol, 58, 441-486.

MEeLTZOFF, A. N. (1988). Infant imitation after a 1-week delay:
Long-term memory for novel acts and multiple stimuli. Dev
Psychol, 24, 470-476.

MUELLER, V. A., Brass, M., Waszag, F.,, & Prinz, W. (2007).
The role of the preSMA and the rostral cingulated zone in
internally selected actions. Neurolmage, 37, 1354-1361.

Ovson, K. R, & SPELKE, E. S. (2008). Foundations of coopera-
tion in young children. Cognition, 108, 222-231.

Oni1sHI, K. H., & BaiLLarGEON, R. (2005). Do 15-month-old
infants understand false beliefs? Science, 308, 255-258.

OwisHi, K. H., BaiLrarceon, R, & Lesuig, A. M. (2007).
15-month-old infants detect violations in pretend scenarios,
Acta Psychol, 124, 106-128.

OvVER, H., & CArRPENTER, M. (2009). Eighteen-month-old
infants show increased helping following priming with affil-
iation. Psychol Sei, 20, 1189-1193.

PERNER, J., & ROESSLER, J. (2012). From infants’ to children’s
appreciation of belief. Trends Cogn Sci, 16, 519-525.

Puamries, A. T, & Weriman, H. M. (2005). Infants'
understanding of object-directed action. Cognition, 98,
137-155.

Premack, D. (1990). The infant's theory of self-propelled
objects. Cognition, 36, 1-16.

PrEMACK, D. (2007). Foundations of morality in the infant.
In O. Vilarroya & F. I. Argimon (Eds.), Social brain matters:
Stances on the neurobiology of social cognition (pp. 161-167).
Amsterdam: Rodopi.

PrEmack, D., & PREMACK, A. ]. (1997). Infants attribute value
+/— to the goal-directed actions of self-propelled objects.
J Cogn Neurosci, 9, 848-856.

Rossox, S. J., & KUHLMEIER, V. A. (2013). Selectivity promotes
9-month-old infants (o encode the goals of others. Paper

BAILLARGEON ET AL.: INFANT SOCIAL COGNITION 13



presented at the Biennial Meeting of the Society for
Research in Child Development, Seattle, WA.

Scamior, M. F. H, & SOMMERVILLE, J. A. (2011). Fairness
expectations and altruistic sharing in 15-month-old human
infants. PLoS ONE, 6, 23223,

Scott, R. M., & BAILLARGEON, R. (2013). Do infants really
expect others to act efficiently? A critical test of the rational-
ity principle. Psychol Sci, 24, 466—474.

Scott, R. M., HE, Z., BamLrarceon, R, & Cummins, D.
(2012). False-belief understanding in 2.5-year-olds: FEvi-
dence from two novel verbal spontaneous-response tasks.
Dew Sci, 15, 181-193.

ScotT,R. M., RicHMAN, J., & BAILLARGEON, R. (2014). Infants
understand the art of deception: New evidence for mental-
istic reasoning in infancy. Manuscript under review.

SENJU, A., SOUTHGATE, V., SNAPE, C., LEoNARD, M., &
CsiBRra, G. (2011). Do 18-month-olds really attribute mental
states to others? A critical test. Psychol Sci, 22, 878-880.

SETOH, P, ScorT, R. M., & Barrrarceon, R. (2011). False-belief
reasoning in 2.5-year-olds: Evidence from an elicited-response low-
inhibition task. Paper presented at the Biennial Meeting of
the Society for Research in Child Development, Montreal,
Canada.

SeTOH, P, Wu, D., BAlLLARGEON, R., & GELMAN, R. (2018).
Young infants have biological expectations about animals,
Proc Natl Acad Sci USA, 110(40), 15937-15949.

SHUTTS, K., KiNzLEr, K. D., McKzE, C. B., & SPELKE, E. S,
(2009). Social information guides infants’ selection of
foods. | Cogn Dev, 10, 1-17.

SLOANE, S., BAILLARGEON, R., & PrEmack, D. (2012). Do
infants have a sense of fairness? Psychol Sci, 23, 196-204.
SvETLOVA, M., NicHo1s, S. R, & BrownELL, C. (2010). Tod-
dlers’ prosocial behavior: From instrumental to empathic

to altruistic helping. Child Dev, 81, 1814—1897.

WARNEKEN, F,, & TomaseLLo, M. (2006). Altruistic helping in
human infants and young chimpanzees. Science, 31 I
1301-1303.

WARNEKEN, F., & ToMAaSELLO, M. (2007). Helping and coop-
eration at 14 months of age. Infaney, 11, 271-204.

WELLMAN, H. M., Cross, D., & WATSON, J. (2001). Meta-
analysis of theory of mind development: The truth about
false belief. Child Dev, 72, 655-684.

WiMMER, H., & PERNER, J. (1983). Beliefs about beliefs: Rep-
resentation and constraining function of wrong beliefs in
young children’s understanding of deception. Cognition, 13,
103-128.

Woobpwarp, A. L. (1998). Infants selectively encode the goal
object of an actor’s reach. Cognition, 69, 1-34.

Yanc, D. Y., & BaiLLarGEON, R. (2013). Difficulty in under-
standing social acting (but not false beliefs) mediates the
link between autistic traits and ingroup relationships.
J Autism Dev Disord, 43, 2199-2206.

14 DEVELOPMENTAL AND EVOLUTIONARY COGNITIVE NEUROSCIENCE



THE COGNITIVE
NEUROSCIENCES

Fifth Edition

Michael S. Gazzaniga and George R. Mangun,
Editors-in-Chief

Section Editors: Sarah-Jayne Blakemore
James J. DiCarlo
Scott T. Grafton
Peter Hagoort
Todd F. Heatherton
Sabine Kastner
Leah Krubitzer
Elizabeth A. Phelps
Todd M. Preuss
Adina Roskies
Walter Sinnott-Armstrong
Peter L. Strick
Giulio Tononi
Anthony D. Wagner
B. A. Wandell
Rachel I. Wilson

A BRADFORD BOOK
THE MIT PRESS

CAMBRIDGE, MASSACHUSETTS
LONDON, ENGLAND



© 2014 Massachusetts Institute of Technology

All rights reserved. No part of this book may be repro-
duced in any form by any electronic or mechanical means
(including photocopying, recording, or information storage
and retrieval) without permission in writing from the
publisher.

MIT Press books may be purchased at special quantity
discounts for business or sales promotional use. For infor-
mation, please email special_sales@mitpress.mit.edu.

This book was set in Baskerville by Toppan Bestset
Premedia Limited.
Printed and bound in the United States of America.

Library of Congress Cataloging-in-Publication Data

The cognitive neurosciences / edited by
Michael S. Gazzaniga and George R. Mangun. -
[5th edition].
pages cm
“A Bradford Book”
Includes bibliographical references and index.
ISBN 978-0-262-02777-9 (hardcover : alk. paper)
1. Cognitive neuroscience. . Gazzaniga, Michael S.,
editor of compilation. II. Mangun, G. R. (George
Ronald), 1956 editor of compilation. [II. Title:
Cognitive neurosciences.
QP360.5.C63952 2014
612.8"233-dc232013048606

10987654321



