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ABSTRACT—Before social cognition there is joint processing
of information about the attention of self and others. This
joint attention requires the integrated activation of a dis-
tributed cortical network involving the anterior and poste-
rior attention systems. In infancy, practice with the
integrated activation of this distributed attention network
is a major contributor to the development of social cognition.
Thus, the functional neuroanatomies of social cognition and
the anterior—posterior attention systems have much in
common. These propositions have implications for under-
standing joint attention, social cognition, and autism.

KEYWORDS—attention; joint attention; cognitive neuro-
science; autism; interconnectivity

Infants follow the direction of other people’s gaze in the first year
of life (Scaife & Bruner, 1975). This seminal observation led to a
reconsideration of the Piagetian notion of infant egocentrism,
and it indicated that the ability to share a common point of
reference develops before language. Ultimately, the term joint
attention was adopted to refer to this domain. It is an expression
of the exquisitely honed human capacity to coordinate attention
with a social partner, which is fundamental to our aptitude
for learning, language, and sophisticated social competencies
throughout life. For example, every teacher’s admonition to
students to “pay attention!” is really a request to “pay attention
to what I [the teacher| am attending to.” Without the capacity for
joint attention, success in many pedagogical contexts would be
difficult to achieve. Similarly, joint attention is vital to social
competence at all ages. Adolescents and adults who cannot
follow, initiate, or join with the rapid-fire changes of shared at-
tention in social interactions may be impaired in their capacity
for relatedness and relationships.

Address correspondence to Peter Mundy, Department of Psychology,
University of Miami, 5665 Ponce De Leon Blvd., Coral Gables FL,
33146; e-mail: pmundy@miami.edu. After January 2008, address
correspondence to Peter Mundy, Director of Education Research, UC
Davis M.I.N.D. Institute, 2825 50th Street, Sacramento, CA., 95817.

Volume 16—Number 5

Copyright © 2007 Association for Psychological Science

Even though it is a vital skill, we know surprisingly little about
the development of joint attention. Is joint attention a distinct
form of human attention or simply a social manifestation of
general aspects of attention? If it is the former, does the devel-
opment of this distinct form of human attention play a central
role in the emergence of human social cognition? In particular,
does joint attention develop after social cognition—as current
thinking would have it—or does human social cognition follow
from the development of joint attention? These questions form
the outline of this article, which begins with a more detailed
definition of joint attention.

WHAT IS JOINT ATTENTION, AND WHY IS IT
IMPORTANT?

Joint-attention behaviors in infancy fall into two categories: re-
sponses to the bids of others or spontaneous initiations (Mundy
etal., 2007). Responding to joint attention (RJA) refers to infants’
ability to follow the direction of the gaze and gestures of others in
order to share a common point of reference. Alternatively, initi-
ating joint attention (IJA) involves infants’ use of gestures and eye
contact to direct others’ attention to objects, to events, and to
themselves. The function of IJA is to show or spontaneously seek
to share interests or pleasurable experience with others (Fig. 1).
The development of joint attention heralds a new stage of
infant—caregiver interactions that facilitates social learning. For
example, early language learning often takes place in unstruc-
tured, incidental situations in which a parent refers to a new
object. How does the infant know which one of myriad potential
referents the parent means? To identify the referent, an infant
uses RJA and the direction of gaze of its parent to increase the
likelihood of attending to the correct object in incidental novel-
word-learning opportunities (Baldwin, 1995). Thus, joint at-
tention serves a self-organizing role in social information pro-
cessing in early, unstructured social-learning situations.
Several studies support the idea that joint attention reflects
mental and behavioral processes that facilitate human learning
and development. The frequency with which infants engage in
joint attention is related to their language acquisition, even when
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Fig. 1. Illustrations of two expressions of joint attention development: responding to joint attention (a) and initiating joint
attention (1JA; b, ¢1,2,3). Two types of IJA behavior are depicted: 1JA involving a conventional gesture of pointing to share

attention regarding a room poster (b), and IJA involving alternating looking at a toy (c1, ¢3) with making eye contact with
another individual (¢2), to share attention with respect to the object.

variance associated with general cognition is controlled (e.g.,
Morales et al., 2000; Mundy et al., 2007). Joint attention is also
associated with the depth of information processing in infants
(Striano, Chen, Cleveland, & Bradshaw, 2006), as well as with
individual differences in childhood measures of 1Q, self-regu-
lation, and social competence (Mundy et al., 2007).

Clinical research indicates autism is characterized by
chronic, pronounced impairments in IJA rather than RJA. This
IJA impairment is described as “the lack of spontaneous sharing
experiences with others such as showing” (e.g., Fig. 1¢) in the
current American and European psychiatric diagnostic systems
(Mundy, 2003). Moreover, individual differences in joint atten-
tion are related to the intensity of social symptoms, respon-
siveness to intervention, and long-term social outcomes in
children with autism.

Comparative research also suggests that important distine-
tions between humans and other primates involve joint attention.
Chimpanzees show the capacity for RJA but little evidence of
1JA or spontaneous attempts to share experiences with members
of their own species (Tomasello & Carpenter, 2005). This sug-
gests that a basic understanding of goal-directed perception and
action, manifested in RJA, might be common to advanced pri-
mates but that a deeper facility and understanding of sharing
attention and intentions, as manifest in IJA, may be unique to
human beings (Tomasello & Carpenter, 2005).

Thus, experimental, clinical, and comparative research sug-
gests that joint attention reflects vital aspects of human psy-
chological development. Current models of joint attention
provide some insight into the nature of this development.
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SOCIAL COGNITION AND JOINT ATTENTION

The social-cognitive model of joint attention proposes that, as
infants monitor and represent their own goal-related intentional
activity, they also monitor and represent the goal-related be-
havior of others (Tomasello, Carpenter, Call, Behne, & Moll,
2005). The early development of social cognition, beginning at
about 9 to 12 months, allows infants to integrate these two
sources of information; infants thereby become able to impute
the conditional proposition that if self-intentions lead to goal-
related behavior, then goal-related behavior in others must fol-
low from their intentions. Thus, this model suggests that social
cognition is necessary for the development of functional joint
attention in infancy. Furthermore, social cognition is thought to
be equally common to all types of joint attention. Therefore,
initiating and responding to joint attention should be highly
correlated in development.

Research supports elements of the social-cognitive model. In
one revealing study, testers presented gaze-following trials to 9-,
10-, and 11-month-olds. The testers turned their heads either
with their eyes open or with their eyes closed (Brooks & Meltzoff,
2005); the task for the infants was to respond to joint attention
and turn their attention in the direction of the gaze or head turn of
the tester. All the children performed equally well in the “eyes
open” condition. However, in the “eyes closed” condition the
10- and 11-month-old infants rarely followed the testers’ head
turns, but the 9-month-olds followed at a rate comparable to their
rate in the eyes-open condition (see Fig. 2). Thus, the 10-month-
olds were able to inhibit following in this condition, presumably
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Fig. 2. Responsiveness (looking score) of infants to an experimenter’s
head turn with eyes closed versus eyes open. While 9-month-olds appear to
follow head orientation to look in the correct direction on responding-to-
joint-attention trials, 10- and 11-month-olds appear to understand that eye
orientation (eyes-open condition) rather than simply head orientation
(eyes-closed condition) is critical to sharing attention with others. From

Brooks & Meltzoff (2005).

based on a social-cognitive awareness of the meaning of the
referential intent of visual gaze. However, the 9-month-olds were
not able to inhibit their responding behavior because they
lacked this aspect of social cognition.

Note that Brooks and Meltzoff’s (2005) data also indicate that
9-month-olds engage in joint attention behavior before they fully
develop aspects of social-cognitive awareness. Indeed, RJA may
be measured at least as early as 6 months and predicts language
ability at 24 months, attesting to the functional validity of
measuring RJA at that age (Morales et al., 2000). These obser-
vations challenge the social-cognitive model. So do observations
that IJA and RJA are not highly correlated in development; that
they display different patterns of age-related growth in infancy;
and that they have unique associations with subsequent devel-
opment (Mundy et al., 2007). An alternative to the social-cog-
nitive perspective appears to be needed to account for these
observations.

ATTENTION AND JOINT ATTENTION

Mundy, Card, and Fox (2000) suggested that joint attention is an
outcome of two interacting attention-regulation systems de-
scribed by Michael Posner and his colleagues (e.g., Posner &
Rothbart, 2007). One is the posterior orienting and perceptual
attention system, which plays a primary role in RJA develop-
ment in infancy. This relatively involuntary system begins to
develop in the first months of life and prioritizes orientation
toward biologically meaningful stimuli. It is supported by the
parietal and superior temporal cortices (Fig. 3), which serve
aspects of representational development, imitation, and the
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Fig. 3. Lateral (side) and medial (interior) areas of the cerebral cortex
associated with initiating joint attention and the anterior attention system.
These include Brodmann areas 8 (frontal eye fields), 9 (prefrontal asso-
ciation cortex), 24 (dorsal anterior cingulate), and 11 and 47 (orbital
prefrontal association cortex). Those regions associated with the Re-
sponding to Joint Attention and the posterior attention system include
areas 7 (posterior parietal association area); 22, 41, and 42 (superior
temporal cortex); and 39 and 40 (parietal, temporal, and occipital asso-
ciation cortices).

perception of the eye and head orientations of others, as well as
the perception of spatial relations between self, other, and the
environment. The neural substrates and functions of this system
are common to many primates. A shorthand way of expressing
one goal-related cognitive output from this system is the indi-
vidual’s understanding that “where others’ eyes go, their be-
havior follows” (Jellema, Baker, Wicker, & Perrett, D., 2000).

Alternatively, IJA is supported by the later-developing ante-
rior attention system. This system controls volitional, goal-di-
rected attention allocation that is constrained and corrected by
reward-related self-appraisal of behavior. It involves a neural
network that includes the frontal eye fields (dorsal frontal
cortical areas associated with intentional eye control), the pre-
frontal association cortex, the orbital frontal cortex, and the
anterior cingulate (Fig. 3). If part of the cognitive output from the
posterior system can be characterized as “where others’ eyes go,
their behavior follows,” part of the cognitive output of the an-
terior system may be characterized as “where my eye’s go, my
behaviors follows.”

The system also regulates integrated activity across the an-
terior and posterior attention systems. This integration yields the
distinct form of human attention we call joint attention (Mundy,
2003). Electroencephalography and imaging data attest to the
integrated activation of the anterior and posterior systems in
human joint attention (for examples, see Mundy et al., 2000;
Williams, Waiter, Perra, Perrett, & Whiten, 2005). Moreover,
this attention network has much in common with the neural
substrates of social cognition (Mundy, 2003). Functionally,
starting between 4 and 6 months of age, the anterior attention
system integrates the internal monitoring of one’s own control of
gaze direction, and its relations to goal-directed behavior, with
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Fig. 4. The attention-systems model of joint attention and social cognition. The posterior attention
system path associated with the development of responding to joint attention (RJA) is illustrated with a
dotted line and the anterior attention system path associated with the development of initiating joint
attention (1JA) is illustrated with a dashed line. The central solid line in the figure denotes the de-
velopment of other processes, such as representational ability, speed of processing, motivation, and
the executive control of attention, that influence joint-attention development, as well as each other,
during infancy. The diagonal arrows reflect the dynamic and coactive nature of joint-attention de-
velopment, whereby the maturation of attention, cognitive, and affective systems interact in recip-
rocal cause-and-effect relations with experience, including the experiences children create for
themselves through their own actions. Finally, the development of integrated self-and-other attention
processing is considered to be a social-attention executive function of the anterior system that emerges
in the 7-to-9-months period, represented by the dashed box. The capacity to integrate and share overt
aspects of attention provides a foundation for the ability to share covert aspects of attention, such as

representations, and social cognition.

external monitoring of the relations between others’ gaze di-
rection and their behavior. The interaction and juxtaposition of
information from internal and external monitoring about overt
attention (active looking) serves as an important engine of cog-
nitive development. For example, it enhances the developmental
differentiation of awareness of self-agency with respect to the
control of attention versus others’” agency and attention control.
Moreover, the same integration of the anterior and posterior at-
tention systems that enables the comparative monitoring of overt
attention (looking behavior) ultimately plays the same role when
individuals begin to be able to attend to internal representations.
That is, when individuals begin to be able to direct covert at-
tention to representations, the integrated anterior—posterior at-
tention system enables them to monitor representations about
the behavior of self and others. This contributes to their ability to
begin to impute the conditional proposition that if self-control of
attention relates to one’s own goal-directed behavior, then goal-
related behavior in others must follow from their self-control of
attention. As this integrative anterior—posterior capacity to at-
tend to overt or covert information about self and others matures
with advances in representational abilities, a fully functional,
adaptive, human social-cognitive system emerges (Fig. 4).
Elements of this perspective are consistent with current so-
cial-cognitive models. However, this model emphasizes that
learning about and from the early self-control of attention may be
a primary step toward the later understanding of intentional
behavior in others. Another explicit tenet of this model is that
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the rapid, real-time functional interactions and maturation of a
distributed cortical attention network make a fundamental
contribution to the human development of social cognition (Fig.
4). This notion has much in common with current connectionist
theories that integrated patterns of activity across distal cortical
neural networks are fundamental to human cognitive abilities
including developments in representational thinking and self-
consciousness. A corollary here is that processes affecting the
organization, accuracy, and speed of integrated processing,
within or across the anterior and posterior attention systems, may
contribute to phylogenetic or human developmental differences
in joint attention and social cognition. Finally, to be fully real-
ized, integrated processing of the anterior—posterior systems
requires practice with sharing overt attention early in life. Thus,
in this model, practice with joint attention in the first 9 months of
life is thought of as a major contributor to, rather than a product
of, the development of social cognition (Fig. 4).

FUTURE DIRECTIONS

The attention-systems model begins to unify the study of joint
attention and social cognition with the rich theoretical and
empirical literature on the neurodevelopment of attention. Such
unification may raise useful hypotheses. For example, activity in
the frontal eye fields (Fig. 3) has been one of the most consistent
cortical correlates of social cognition in imaging studies (Mundy,
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2003). The self-control of direction of gaze by the frontal eye
fields, and the effects of that eye gaze on the behaviors of other
people, may be among the first sources of information to generate
an awareness of self-intentioned action for many infants. If self-
awareness of intentional action is vital to understanding inten-
tional action in others, then systems controlling intentional vi-
sual attention may be expected to make a primary contribution
to social cognition. If this is true, then it leads to the testable
hypothesis that the frontal topography of social cognition may be
expected to be different for children who are blind from birth.

The attention-systems model also recognizes that IJA and RJA
reflect distinet but interacting processes (Fig. 4). This recogni-
tion may facilitate a deeper understanding of human individual
differences as well as phylogenetic differences in joint attention
and social cognition. For example, the reflexive nature of the
posterior attention system may help us understand the capacity
for RJA in infants prior to the 9- to 10-month onset of social
cognition (cf., Brooks & Meltzoff, 2005).

In autism, IJA impairments are more profound than RJA im-
pairments. IJA also makes more demands on interconnected
activity across the anterior and posterior attention systems in
infancy than does RJA (Mundy et al., 2000). Interestingly, recent
connectivity theory suggests that problems in communication
between brain regions, especially anterior and posterior cortical
connections, may be primary to the cognitive impairments of
autism (e.g., Cherkassky, Kana, Keller, & Just, 2006). In the
context of these observations, the attention-systems model leads
to the hypothesis that IJA deficits may be one of the earliest
behavioral manifestations of abnormal neural connectivity in
autism.

Also recall that RJA is common to advanced primates but that
a facility for IJA and an understanding of shared intentions
may be unique to human beings (Tomasello & Carpenter, 2005).
Imaging data indicates that the parietal (joint) attention system
is well represented in primates but that the anterior system is not
(Astafiev et al., 2003; Jellema et al., 2000). Therefore, studying
the nature of frontal processes associated with joint attention
may be fundamental to understanding the uniquely human na-
ture of social cognition.

Further advances in this area will require neurocognitive
methods that provide data on synchronous patterns of activity
across the distributed cortical network associated with joint
attention and social cognition (e.g., connectivity revealed by
functional magnetic resonance imaging or electroencephalo-
graph coherence), rather than unitary regions of interest. It will
also be important to understand how the self—other processing
involved in joint attention relates to other precursors of social
cognition, such as imitation (see Meltzoff, 2007). A deeper ap-
preciation of the interpersonal and motivation factors (e.g., re-
ward value of sharing experiences and attention to self) that are
critical to some types of joint attention will also be indispens-
able. In this regard it may be informative to examine the conti-
nuity between individual differences in infant initiations of joint
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attention and later-emerging forms of social behavior (Mundy
etal., 2007). The use of “capitalization,” or the tendency of older
individuals to enhance social bonds by sharing good experiences
with others, might be one example of such a related form of
mature social behavior (Gable, Reis, Impett, & Asher, 2004).
Indeed, examining the degree to which joint attention is integral
to the development of human learning and social relatedness
after infancy may be an essential goal of new research and theory
in this arena of psychological science.
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