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Infants’ Social and Motor Experience and the Emerging Understanding of
Intentional Actions

Amanda C. Brandone
Lehigh University

During the first year of life, infants possess some of the key social–cognitive abilities required for success
in a social world: Infants interpret others’ actions in terms of their intentions and can use this
understanding prospectively to generate predictions about others’ behavior. Exactly how these founda-
tional abilities develop is currently unknown. The goal of this study was to shed light on the develop-
mental mechanisms underlying changes in infants’ understanding of intentional actions by documenting
relations between infants’ intention understanding and other emerging social (joint attention) and motor
(means–end and self-locomotion) abilities. Using eye tracking, 8- to 11-month-olds infants’ (N � 80)
ability to visually predict the goal of an ongoing successful or failed intentional action was examined in
relation to their developing means–end, self-locomotion, and joint attention abilities. Results confirmed
previous findings showing improvements in infants’ ability to interpret and make predictions about
others’ failed intentional actions. Importantly, results also indicated that parent-report measures of
infants’ initiating-joint-attention and self-locomotion abilities were associated with the ability to visually
predict the outcome of a failed reaching action. These data support the view that infants’ social and motor
experiences may contribute to changes in their social–cognitive abilities. In particular, joint-attentive
social interactions that occur with increasing frequency as infants learn to crawl and walk may shape
infants’ understanding of others as intentional agents.
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Success in a social world depends on the ability to understand,
predict, and learn from the actions of others. During the first year
of life, infants possess some of these key social–cognitive abilities
(for a review, see Woodward, Sommerville, Gerson, Henderson, &
Buresh, 2009). Infants interpret others’ actions in terms of their
underlying intentions (Brandone & Wellman, 2009; Gergely, Ná-

dasdy, Csibra, & Bíró, 1995; Woodward, 1998) and use this
understanding to guide their social interactions (Behne, Carpenter,
Call, & Tomasello, 2005; Warneken & Tomasello, 2006). These
early abilities are an important precursor to more sophisticated
mental state reasoning (Aschersleben, Hofer, & Jovanovic, 2008;
Wellman & Brandone, 2009; Wellman, Lopez-Duran, LaBounty,
& Hamilton, 2008) and are crucial for subsequent social, cognitive,
and linguistic development (Baldwin & Moses, 2001; Csibra &
Gergely, 2007; Tomasello, 1999).

A key question for developmental psychologists is how these
foundational abilities develop. Although some interpret infants’
early competence as evidence of an innate psychological rea-
soning system that exists independent of experience (e.g., Bíró
& Leslie, 2007; Gergely & Csibra, 2003; Luo & Baillargeon,
2005), other accounts point to learning and experience as the
mechanisms underlying the development of social– cognitive
knowledge (e.g., Barresi & Moore, 1996; Moore, 2006; Toma-
sello, 1995; Woodward, 2009). The goal of this article is to
explore how the rich information provided in infants’ social and
motor experience may contribute to their developing under-
standing of intentional actions.

Infants’ Understanding of Intentional Actions

The ability to read past the surface appearance of actions and
make inferences about the subjective internal states (i.e., inten-
tions) that structure them appears early in infancy. In the first year,
infants are sensitive to the intentional structure of human behavior
and readily interpret others’ actions as rational and goal directed
(Baldwin, Baird, Saylor, & Clark, 2001; Brandone & Wellman,
2009; Gergely et al., 1995; Woodward, 1998). Eye-tracking data
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suggest that infants also use their understanding of human behav-
ior prospectively to generate rapid online predictions about an
agent’s intentional actions as they unfold over time (Brandone,
Horwitz, Aslin, & Wellman, 2014; Cannon & Woodward, 2012;
Falck-Ytter, Gredebäck, & von Hofsten, 2006; Gredebäck & Me-
linder, 2010; Gredebäck, Stasiewicz, Falck-Ytter, Rosander, & von
Hofsten, 2009; Hunnius & Bekkering, 2010; Kanakogi & Itakura,
2011; Kochukhova & Gredebäck, 2010). This prospective under-
standing of human behavior is crucial for interpreting social situ-
ations and interacting seamlessly with others.

In recent years, an increasing number of researchers have begun
to use failed action understanding as a test of infants’ social–
cognitive abilities. Reasoning about the goal of a failed action
provides a strong test of intention understanding, because the
observed pattern of motion is distinct from the intention in a failed
action (Meltzoff, 1995). Unlike successful actions, in which the
goal is apparent in the achieved outcome (e.g., reaching for and
successfully grasping a goal object), in failed actions (e.g., reach-
ing for but failing to grasp a goal object), the actor’s goal is
unrealized and, thus, not apparent in the action itself. Therefore, to
understand a failed action appropriately, infants must be able to
differentiate the observed action and outcome from the unobserved
internal state that motivates it.

Several recent studies have demonstrated that infants indeed
interpret failed actions in terms of these actions’ unseen goals
(Behne et al., 2005; Brandone et al., 2014; Brandone & Wellman,
2009; Daum, Prinz, & Aschersleben, 2008; Hamlin, Hallinan, &
Woodward, 2008; Hamlin, Newman, & Wynn, 2009; Legerstee &
Markova, 2008). For example, in Brandone and Wellman (2009),
infants were habituated to an actor reaching over a barrier to
retrieve a ball. In some conditions, the actor successfully retrieved
the ball; in others, he narrowly missed the ball and failed to
retrieve it (see Figure 1). Following habituation, all infants saw test
events where the barrier was absent, and the actor successfully
retrieved the ball. In direct-reach test events, the actor followed a
rational and efficient path and reached directly for the ball; in
indirect-reach test events, the actor used the same arcing reach as

in habituation. If infants interpreted the habituation action in terms
of its underlying intention (getting the object as directly as possi-
ble), then during test events, they should have looked longer at the
event that was inconsistent with that goal—the indirect event.
Results confirmed that infants as young as 8 months understood
the successful action: They looked longer at the indirect- than at
the direct-reach test event. In contrast, only 10- and 12-month-olds
showed understanding of the more complex failed reach. Eight-
month-olds looked equally at both events.

Similar age effects emerged when examining infants’ ability to
generate rapid online predictions about the goals of these success-
ful and failed reaching actions using eye tracking (Brandone et al.,
2014). Ten-month-olds were able to predict the goal of an inten-
tional reaching action (as demonstrated by an anticipatory look to
the goal object), even when the action was unsuccessful and the
actor repeatedly failed to achieve his goal. In contrast, 8-month-
olds showed predictive looks to the outcome of a successful
reaching action only. When the actor failed to achieve his goal,
8-month-olds tracked the actor’s failed reach in a more reactive
manner—looking at the intended goal much later and sometimes
not at all. These eye-tracking data also revealed developmental
differences in infants’ ability to revise their predictions about
others’ intentional actions in response to accumulating evidence.
Like adults, 10-month-olds (but not 8-month-olds) showed evi-
dence of sensibly modifying their looking patterns in the failed
reaching condition when their initial goal predictions were not
confirmed. That is, although they produced anticipatory looks to
the intended outcome of the failed action early in the experiment
(i.e., during the first triad of trials), 10-month-olds also responded
flexibly to mounting evidence of the actor’s failure later in the
experiment by fixating less and less on the ball over time (i.e., in
the second and third triads of trials).

The pattern of results across these studies indicates that infants’
ability to understand and make predictions about others’ inten-
tional actions undergoes important changes late in the first year.
Although the ability to infer an actor’s goal while or after observ-
ing the actor achieve it (e.g., successfully grasping and retrieving

Figure 1. Time course depiction of the successful and failed reaching events. Adapted with permission from
“Infants’ Goal Anticipation During Failed and Successful Reaching Actions” by A. C. Brandone, S. R. Horwitz,
R. N. Aslin, and H. M. Wellman, 2014, Developmental Science, 17, p. 25. Copyright 2013 by John Wiley &
Sons. See the online article for the color version of this figure.
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a ball) is present early, the more robust ability to interpret, make
predictions about, and respond flexibly to more complex actions in
the absence of outcome information undergoes further develop-
ment. These results are consistent with the view that infants’ initial
understandings of human action may capture regularities of be-
havior observed through experience (e.g., that actions are directed
toward objects and are rational and efficient; Gergely et al., 1995;
Woodward, 1998). However, it is not until later in the first year
that infants move beyond this basic understanding and begin to
view human behavior as motivated by subjective internal states
(i.e., intentions).

A key question arising from these results concerns the mecha-
nisms by which infants’ understanding of intentional human be-
havior develops. To explore this question, in the current study, I
examined how experiences infants encounter in their daily lives
may contribute to changes in intention understanding late in the
first year.

Mechanisms of Change in Intention Understanding

The literature on the development of infant social cognition
highlights two kinds of experience as important potential influ-
ences on infants’ emerging understanding of intentional action.
First, many researchers have argued that infants’ own experi-
ence as intentional agents influences their understanding of
others’ actions (e.g., Daum, Prinz, & Aschersleben, 2011; Gal-
lese, Rochat, Cossu, & Sinigaglia, 2009; Meltzoff, 2007; To-
masello, 1999; Woodward et al., 2009). On this view, infants’
ability to structure their own goal-directed actions enables them
to see intentional structure in the actions of others. Support for
this proposal comes from research indicating systematic rela-
tions between the actions infants can produce and the actions
they can interpret in others. For example, at 5– 6 months, the
age at which infants begin to make skilled intentional grasps,
infants also begin to understand others’ grasps as goal directed
(Woodward, 1998). Further evidence comes from experimental
manipulations that alter infants’ action capacities and observe
the effects of those changes on their perceptions of others’
actions. For example, when 3-month-olds (who are not yet
skilled in producing goal-directed grasps and who do not un-
derstand others’ grasps as goal directed) gained experience
manipulating the movement of toys using Velcro mittens, they
later interpreted an experimenter’s object-directed reaches as
goal directed (Sommerville, Woodward, & Needham, 2005).
These results support the conclusion that infants’ first-person
agentive experiences provide them with particularly strong in-
sights into others’ actions (see also Gerson & Woodward, 2014;
Meltzoff & Brooks, 2008; Skerry, Carey, & Spelke, 2013).

To date, the effect of first-person agentive experience has gen-
erally been evaluated by examining the experience of producing a
specific goal-directed action (e.g., reaching) and its influence on
interpreting that specific action in others. However, there are
additional ways to think about the effects of first-person action
experience on infants’ views of others’ actions. For example,
Skerry et al. (2013) showed that 3-month-olds can generalize
information learned from experience manipulating objects using
Velcro mittens to kinematically distinct actions (e.g., reaching over
a barrier when no barrier was present during training), casting
doubt on the idea that a motor representation of a specific action

(derived through first-person experience producing that specific
action) is required for understanding that action.

Here, I consider another distinct yet related possibility—
namely, that other aspects of the experience as an intentional agent
also influence infants’ views of others’ intentionality. In the sec-
ond half of the first year, infants’ begin to behave in other ways
that are clearly intentional and could provide first-hand experience
of intentionality. For example, the ability to produce means–end
actions—actions that involve the deliberate execution of a se-
quence of steps to achieve a goal (e.g., removing a cover to search
for a hidden object)—appears late in the first year. This skill has
been argued to serve as an indicator of infants’ own intentionality
and the ability to mentally differentiate the goal of an action and
the means required to achieve it (Piaget, 1953; Willatts, 1999).
Given that intention understanding requires a similar kind of
distinction between action (i.e., means) and intention (i.e., end),
first-hand experience producing means–end actions may provide
an important source of input to infants’ developing intention
understanding.

Around the same time that they begin to engage in means–end
actions, infants also gain the ability to locomote independently
(i.e., crawl), granting them a new level of autonomy to act on their
own intentions (Campos et al., 2000). This capacity coincides with
the onset of several other cognitive and emotional skills and has
been argued to dramatically change the way infants interact with
their physical and social world (Bai & Bertenthal, 1992; Campos
et al., 2000; Herbert, Gross, & Hayne, 2007; Higgins, Campos, &
Kermoian, 1996; Cicchino & Rakison, 2008). As Campos et al.
(2000) noted, “Crawling creates many new goals and enables the
attainment and frustration of many others” (p. 157). For example,
following the onset of crawling, infants can move independently to
a desired object or person and can also be thwarted in their
attempts to do so. Thus, it may be that infants’ experience of
self-locomotion provides a powerful type of first-hand agentive
experience that leads to broad insights about both their own and
others’ intentionality. One goal of the current study was to exam-
ine the potential relationship between these broader motor expe-
riences of intentionality and changes in infants’ understanding of
others.

Infants’ ability to produce their own intentional actions is
likely only one part of a larger set of experiences that promotes
infants’ social cognition. A second type of experience that has
been argued to play a role in infants’ emerging understanding of
intention is experience acting in coordination with social part-
ners, in particular in joint-attentive interactions (Barresi &
Moore, 1996; Bretherton, 1991; Carpenter, Nagell, & Toma-
sello, 1998; Tomasello, 1999). Joint attention involves sharing
attention with others and consists of behaviors that include
responding to others’ attention (e.g., following the direction of
another’s gaze) and actively directing the attention of others
(e.g., pointing to direct others’ attention; Mundy et al., 2007).
Although some have argued that the ability to participate in
joint attention reflects intention understanding on the part of
infants (e.g., Bretherton, 1991; Bruner, 1983; Tomasello, 1999),
others have proposed that infants use joint-attentive interactions
to gain insight into the intentionality of others (Barresi &
Moore, 1996; Moore, 2006; Mundy & Newell, 2007). On the
latter view, as infants share attention, action, or emotion with
others, their intentions become aligned with those of their
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interactive partners. According to Moore and colleagues (Bar-
resi & Moore, 1996; Moore, 2006), this experience offers
infants a special opportunity to integrate first- and third-person
information and, thus, construct a representation of others’
intentionality.

Although individual differences in joint attention abilities
among infants have been shown to be related to variability in
subsequent language and cognitive development (e.g., Mundy &
Gomes, 1998; Tomasello & Todd, 1983), little research has tested
the association between joint attention abilities and an understand-
ing of intention (for an exception, see Brune & Woodward, 2007).
Given that changes in the ability to engage in joint attention occur
during the first year (e.g., Carpenter et al., 1998; Striano, Stahl, &
Cleveland, 2009), these experiences may well contribute to
changes in infants’ intention understanding. Thus, a second goal of
the current study was to examine the relationship between infants’
joint attention experience and their understanding of others’ inten-
tional actions.

Finally, when considering the influence of both motor and social
experiences on developing social cognition, an intriguing addi-
tional possibility is that these experiences interact to shape infants’
intention understanding. In particular, self-locomotion has been
shown to change the nature of infants’ interactions with social
partners. Crawling infants spend more time in interactive play
games and in distal communicative interactions with their mothers
than do noncrawling infants (Campos et al., 2000; Campos &
Stenberg, 1981). Crawling has also been shown to influence the
development of responses to joint attention, with crawling infants
(and infants given artificial locomotor experience; Gustafson,
1984) showing greater skill in following the gaze and gestures of
others (see also Clearfield, 2011). These findings raise the intrigu-
ing yet untested possibility that self-locomotion contributes to an
emerging understanding of intention by altering infants’ experi-
ences with those around them and inviting opportunities for joint-
attentive social interactions. A third goal of the current study was
to test this mediational model of the relationship between motor
abilities, joint attention, and intention understanding.

In sum, the existing literature on the development of intention
understanding shows that infants begin to read past the surface
features of actions and make inferences about agents’ intentions
during the first year of life. However, considerably less is known
about how and why changes in this ability occur. In particular, it
remains an open question whether infants’ ability to predict the
goal of an ongoing intentional action is related to their developing
means–end, self-locomotion, and joint attention abilities. By ex-
ploring which social and motor behaviors are related to individual
differences in intention understanding, the current study aimed to
provide insight into potential mechanisms through which an un-
derstanding of intention develops late in the first year.

The Current Study

The current study explored the association between 8- to 11-
month-olds’ ability to interpret and make predictions about suc-
cessful versus failed intentional actions and their emerging social
and motor abilities. I was particularly interested in the associations
between infants’ social and motor experience and their understand-
ing of failed intentional actions because (a) actions in which the
observed patterns of motion are distinct from their intentions have

been argued to provide a more robust test of an intentional under-
standing of human behavior than actions that successfully achieve
their goals, and (b) infants’ ability to understand and make pre-
dictions about others’ failed (but not their successful) intentional
actions has been shown to undergo important changes between 8
and 11 months of age (Brandone et al., 2014; Brandone & Well-
man, 2009).

As in Brandone et al. (2014), this study examined infants’
ability to anticipate the goals of ongoing successful and failed
intentional actions using eye tracking. Participants were shown
videos of a person reaching in an arcing motion over a barrier for
a ball and either successfully or unsuccessfully retrieving it. The
measure of interest was infants’ ability to predict the goal of the
reaching actions, as demonstrated by anticipatory looks to the ball.
Patterns of anticipatory looking during initial trials were of focal
interest given that prior work revealed age effects during early
trials. Changes in those patterns in response to accumulating
evidence of the actor’s failure were also examined.

Importantly, infants’ performance on the eye-tracking task was
also examined in relation to their emerging social and motor skills.
To assess these abilities, parents were asked to answer questions
about their infants’ self-locomotion, means–end actions, and joint
attention abilities. Parental questionnaires were selected for this
initial exploratory study for two main reasons: (a) because ques-
tionnaires provide an efficient way to examine a broad range of
potentially influential experiences, and (b) because parents can be
especially apt observers of infant behavior. Parents are in a unique
position to observe their child in a variety of settings, note infre-
quent but important accomplishments, and aggregate scattered
observations into more coherent assessments.

The following predictions were made. First, I predicted that
anticipatory looking results would replicate those reported in Bran-
done et al. (2014). Namely, age differences in the likelihood of
producing an anticipatory look to the ball were predicted to appear
in the failed but not the successful reaching condition, and these
differences were expected to be concentrated in early trials—
before more advanced infants adjusted their expectations in re-
sponse to the actor’s repeated failure. Second, I predicted that
variability in scores on the parent-report questionnaire would be
related to variability in performance on the eye-tracking task.
Specifically, participants with more advanced joint attention, self-
locomotion, and means–end action scores were predicted to show
more anticipatory looks to the ball during initial trials of the
reaching events. Third, joint attention abilities were predicted to
mediate the relationship between self-locomotion and performance
on the eye-tracking task. Finally, I predicted that these associations
would be stronger for participants in the failed reaching condition
because interpreting a failed action provides a more robust test of
an understanding of intention.

Method

Participants

Eighty infants between 8 and 11 months of age participated.
Eye-tracking data from a subset of these infants (n � 48) were also
reported in Brandone et al. (2014). Infants were randomly assigned
to the successful (n � 40; M � 9.51 months, SD � 0.97) or the
failed reaching condition (n � 40; M � 9.48 months, SD � 0.98).
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An additional 13 infants were excluded due to fussiness (n � 3),
poor eye-tracking signal (n � 1), failure to calibrate (n � 3) or
meet inclusion criteria (described later; n � 4), experimenter error
(n � 1), and parental distraction (n � 1). Participants were
predominantly European American and from middle-income
homes.

Procedure and Measures

During a single laboratory visit, infants completed an eye-
tracking measure of their ability to make predictions about ongo-
ing successful or failed intentional actions. Parents completed a
questionnaire designed to assess variability in infants’ motor and
joint attention skills.

Eye-Tracking Task

Apparatus. Gaze data were collected in two laboratories us-
ing different Tobii eye trackers (Tobii Technology, Stockholm,
Sweden): a 17-in. 1750 (ns � 26 and 22 for the successful and
failed conditions, respectively) and a 24-in. T60XL (ns � 14 and
18 for the successful and failed conditions, respectively). Tobii eye
trackers measure where infants are looking as they watch stimulus
videos using a corneal reflection technique. Data rates for the Tobii
1750 and T60XL are 50 Hz and 60 Hz, respectively. Both systems
have mean accuracies in the range of 0.5–1.0 visual degree, and
both introduce slight delays (verified at 50–100 ms). Data did not
differ as a result of which eye tracker was used (ps � .43).

Stimuli and procedure. During the eye-tracking task, infants
sat on a parent’s lap or in a high chair approximately 60 cm from
the eye-tracker screen. Participants saw one of two reaching events
identical to those in Brandone and Wellman (2009) and Brandone
et al. (2014; see Figure 1). Events began with a 1,000-ms sequence
in which an actor gazed over a barrier at a ball. In the successful
reaching event, the actor then reached in an arcing motion over the
barrier, grasped the ball, and brought it back to his torso, and the
video froze. In the failed reaching event, the actor reached in an
arcing motion over the barrier but narrowly missed the ball. After
hovering momentarily with his hand separated from the ball, the
actor brought his empty hand back to his torso, and the video froze.
Both actions totaled 6,000 ms in duration, followed by a 3,000-ms
freeze (selected so that the total duration of the trials would be
comparable to infants’ average duration of looking during the
habituation version of this task; Brandone & Wellman, 2009).
Participants were presented with 10 repetitions of either the suc-
cessful or the failed reaching event. Reaching events alternated
with a brief animation designed to center participants’ attention on
the screen.

Data processing. Gaze data processing was performed using
custom-made analysis programs in Matlab (Mathworks Inc.,
Natick, MA). Trials on which a participant watched the full screen
for less than 50% of the reaching action were excluded from the
data. Across participants, 4.2% of trials were dropped for this
reason. The number of trials dropped per participant did not differ
by condition. Participants for whom five or more trials were
dropped were excluded from the final data (n � 4). On the
remaining trials, gaze shifts to the ball were analyzed. A circular
area of interest (AOI) was defined manually around the ball. The
AOI subtended approximately 1° beyond the outer limit of the ball.

This buffer was selected on the basis of previous work (Brandone
et al., 2014), standards in the field (see Gredebäck, Johnson, & von
Hofsten, 2009), and estimates of inaccuracies in the Tobii systems
(0.5°–1.0°).

Central analyses examined whether participants’ gaze shifts to
the ball were anticipatory. Anticipatory looks are typically defined
as gaze shifts to the goal of the action before the action is
completed (e.g., Falck-Ytter et al., 2006). However, because the
failed action is never technically completed, an alternative defini-
tion was needed. As in Brandone et al. (2014), I defined anticipa-
tory looks using a criterion that involves a distance between the
hand and the ball. The benefit of a distance criterion is that it can
be applied equally to the successful and failed reaching events and,
thus, can be equated across conditions. A distance of 2° was
selected because 2° is the distance between the actor’s hand and
the ball at the full extension of the failed reach, thus representing
the smallest distance between the ball and the hand that applies to
both conditions. Anticipatory looks were thus defined as any
fixations to the AOI that occurred before the actor’s hand was 2°
away from the ball.

Parent Questionnaire

Parents of the infant participants completed an 18-item ques-
tionnaire designed to provide a measure of motor and social
behaviors hypothesized to be related to intention understanding.
The goal was to investigate how variability in infant behaviors is
related to variability in understanding intentional actions (as re-
vealed in the eye-tracking task). For all items, parents were in-
structed to indicate whether their child performs the behavior
“often,” “sometimes,” or “not yet.” Two points were given for
behaviors that occurred often, one point for behaviors that oc-
curred sometimes, and no points for behaviors that had not yet
occurred.

Self-locomotion. Four items assessed infants’ self-locomotive
development (see Table 1). Self-locomotion scores were calculated
by summing parents’ responses to these four items. Total self-
locomotion scores ranged from 0, for infants who were not yet
self-locomoting, to 8, for infants who were walking independently
(M � 4.18, SD � 2.10). Scores between 0 and 8 indicate some
self-locomotion abilities (crawling, pulling to a standing position,
and/or walking with support). There were no differences in the
self-locomotion abilities of infants assigned to the successful and
failed reaching conditions, t(78) � 0.74, p � .46.

Means–end behavior. Two items were designed to assess
infants’ ability to produce behaviors that involve the deliberate
execution of a sequence of steps to achieve a goal. Because all
parents responded affirmatively to one item (“Does your child
reach for objects that are out of reach?”), this item was dropped
from further analyses, and only a single item was used as a
measure of means–end ability (see Table 1). Scores ranged from 0
to 2 (M � 1.53, SD � 0.60) and did not differ by condition,
t(77) � �0.65, p � .52.

Joint attention. Twelve items assessed behaviors related to
joint attention. Nine were taken or modified from the Modified
Checklist for Autism in Toddlers (Robins, Fein, & Barton, 1999),
an instrument designed to assess risk for autism spectrum disor-
ders. Because the infants tested here were considerably younger
than the toddlers this instrument was designed for, variability on
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the selected items was expected to reflect normative differences in
the development of joint attention. Two additional joint attention
items were taken from the Communication and Symbolic Behavior
Scales Development Profile Infant–Toddler Checklist (Wetherby
& Prizant, 2002), and one item was created for this study on the
basis of the literature on joint attention (Carpenter et al., 1998).

A factor analysis was conducted to evaluate patterns among the
joint attention items and assess whether they could be explained in
terms of a reduced number of variables. Following preliminary
analysis, four items were eliminated due to weak correlations with
the other joint attention items (rs � .30). Principal factor analysis
was used on the remaining items. The initial eigenvalues showed
that the first, second, and third factors explained 31.9%, 23.8%,
and 13.6% of the variance, respectively. Subsequent factors had
eigenvalues of less than 1. The two- and three-factor solutions
were examined using a varimax rotation of the factor-loading
matrix. The two-factor solution was preferred because the third
factor contained only a single item. This item was eliminated
because it did not contribute to a simple factor structure and
failed to meet a minimum criterion of a factor loading of .30. A
principal factor analysis of the remaining seven items was
conducted, with the two factors explaining 62.4% of the vari-
ance. The factor loadings for the final solution are presented in
Table 1.

As can be seen in Table 1, what differentiates these factors is
whether the behaviors they assess are active or responsive. The
items that loaded onto Factor 1 all address active behaviors pro-
duced by infants to direct the attention of others (e.g., pointing to
ask for or indicate interest in something). Items loading onto
Factor 2 all assess receptive behaviors produced by infants to
follow the attention of others or use it as a source of information
(e.g., following gaze or points). These factors correspond to dis-
tinct dimensions of joint attention that have been identified by

others in the field (e.g., Carpenter et al., 1998; Mundy et al., 2007).
I adopt the terminology suggested by Seibert, Hogan, and Mundy
(1982) and used extensively in the literature. The first factor,
initiating joint attention (IJA), refers to the ability to use one’s own
direction of gaze or gestures to direct others’ attention. The second
factor, responding to joint attention (RJA), refers to the ability to
effectively follow others’ direction of gaze or gestures. Composite
scores for the IJA and RJA factors were created by calculating the
average score of the items loading on each factor. Possible scores
ranged from 0 to 2 (IJA: M � 0.81, SD � 0.54 [� � .78]; RJA:
M � 1.30, SD � 0.46 [� � .66]). Infants assigned to the
successful and the failed reaching conditions did not differ on
either IJA, t(78) � 0.64, p � .52, or RJA factor scores, t(78) �
0.32, p � .75.

Results

Two sets of analyses are presented. Initial analyses examine
infants’ performance in the eye-tracking task by investigating
patterns of anticipatory looking to the successful and failed reach-
ing actions. Focal analyses then explore relations between infants’
performance on the experimental task and parent-report measures
of infants’ social and motor abilities.

Infants’ Processing of Successful and Failed
Intentional Actions

My first question was whether 8- to 11-month-olds demon-
strated an understanding of the intended goal of the successful and
failed reaching actions by producing anticipatory looks to the ball.
I predicted that, consistent with Brandone et al. (2014), I would
observe age differences in the likelihood of producing an antici-
patory look to the ball during early trials of the failed but not the

Table 1
Behaviors Assessed in the Parent Questionnaire (and Factor Loadings for the Final Seven Joint
Attention Items)

Factor Behavior (and factor loading)

Self-locomotion Crawling
Pulling up to a standing position
Walking with support
Walking independently

Means–end abilities Searching for objects that are covered or partially hidden
Initiating joint attention Pointing to request somethinga (.86)

Pointing to show interest in somethinga (.85)
Showing objects of interest by holding them up or approaching

with thema (.55)
Offering objects of interestb (.53)

Responding to joint attention Following a point to something across the rooma (.52)
Following a look to something across the roomb (.89)
Sharing visual attention to objectsa (.50)

Eliminated joint attention items Engaging in imitationa

Orienting to one’s own namea

Attempting to draw others’ attention to one’s own activitya

Engaging in social referencinga

Looking back and forth between a play partner and an object
during play

a Taken from the Modified Checklist for Autism in Toddlers (see Robins, Fein, & Barton, 1999, for precise item
wording). b Taken from the Communication and Symbolic Behavior Scales Development Profile Infant–
Toddler Checklist (see Wetherby & Prizant, 2002, for precise item wording)
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successful reaching condition. To test this prediction, I evaluated
the effects of age,1 condition (successful, failed), gender, test
location (Location 1, Location 2), and trial (1–10) on the likeli-
hood of producing an anticipatory look using the generalized
estimating equations (GEE) procedure. The GEE procedure is
suitable here because it can account for the binary structure of the
data (producing an anticipatory look or not on a given trial) and
assess both within- and between-subjects effects (Liang & Zeger,
1986). These analyses yield Wald’s chi-square values as indicators
of main effects and interactions. The model tested here used a
binomial outcome distribution with a logit link function and a
robust estimator covariance matrix.

None of the analyses revealed main effects or interactions with
gender or test location; thus, these factors are not discussed fur-
ther.2 Preliminary analyses showed significant effects of trial (1–
10), �2(9, N � 796) � 19.28, p � .023, that were best captured by
applying the strategy used in Brandone et al. (2014) and separating
out the first trial and then aggregating data over triads of trials
(Triad 1: Trials 2–4; Triad 2: Trials 5–7; Triad 3: Trials 8–10).
The first trial is distinct from the following trials as it assessed how
infants initially viewed the reaching events before they witnessed
a successful or failed outcome. The remaining trials examined how
infants who had seen the entire action sequence (and its success or
failure) in Trial 1 adjusted their looking patterns over subsequent
trials. Here, I focus on patterns of anticipatory looking during
Triads 1, 2, and 3 (i.e., after infants observed an initial successful
or failed reach).3 Thus, in subsequent GEE analyses, triad was
entered as a within-subject repeated-measures factor.

GEE analyses revealed a main effect of triad, �2(2, N � 716) �
6.47, p � .039, and significant Triad � Age, �2(3, N � 716) � 8.47,
p � .037, Triad � Condition, �2(3, N � 716) � 8.02, p � .046,
and Triad � Condition � Age, �2(3, N � 716) � 8.93, p � .030,
interactions. To disentangle these interactions, I examined the
effects of triad and age separately for each condition. In the
successful reaching condition, analyses revealed a main effect of
triad, �2(2, N � 360) � 9.37, p � .009, such that infants showed
an increase in the likelihood of producing an anticipatory look to
the ball across triads. That is, after seeing the actor retrieve the ball
successfully and consistently, infants improved their performance
and produced more and more anticipatory looks to the ball. Im-
portantly, participant age did not have a significant effect on
patterns of anticipatory looking in the successful reaching condi-
tion, �2(1, N � 360) � 1.39, p � .24. Effects of age were
nonsignificant across all triads (ps � .19).

The failed reaching condition revealed a different pattern of
results. Analyses supported the predicted Triad � Age interaction
in the failed reaching condition, �2(3, N � 356) � 17.21, p � .001.
Age was a significant predictor of performance during Triad 1,
�2(1, N � 120) � 4.56, p � .033, such that the likelihood of
producing an anticipatory look to the ball in Triad 1 of the failed
reaching condition increased with age, Exp(	) � 1.83 (95% CI
[1.05, 3.18]). Age was not a significant predictor in subsequent
triads (ps � .11). Results also indicated a main effect of triad �2(2,
N � 356) � 14.00, p � .001, such that, overall, infants showed
fewer anticipatory looks in later trials. Thus, as in Brandone et
al. (2014), infants who anticipated the outcome of the failed
event in initial trials sensibly modified their predictions in
response to accumulating evidence of the actor’s failure to
achieve his goal.

These results replicate the central findings from Brandone et al.
(2014).4 First, patterns of anticipatory looking in infancy differed
for successful versus failed reaching actions. Second, changes
occurred between 8 and 11 months of age in the ability to generate
predictions about actions that failed to achieve their goals. These
findings set the stage for subsequent, focal analyses examining the
factors that explain these developmental changes.

Associations Between Infants’ Understanding of
Intentional Actions and Their Social and Motor
Development

The next analyses tested how variability in infants’ understand-
ing of intentional actions may be related to variability in infants’
social and motor abilities. Motor and social behaviors included
self-locomotion, means–end action abilities, and the IJA and RJA
factor scores.

Associations among parent-report measures. First, associ-
ations among the different parent-report measures were examined.
As can be seen in Table 2, self-locomotion, IJA, and RJA were
each positively correlated with age. Self-locomotive abilities were
also positively related to IJA scores. Finally, there was a signifi-
cant, positive association between RJA scores and means–end
abilities. No other significant associations emerged. Partial corre-
lations were also conducted to examine associations between these
behavioral measures when controlling for age. Findings indicated
that the relations between self-locomotion and IJA, r(77) � .27,
p � .018, and between means–end abilities and RJA, r(77) � .25,
p � .026, each remained significant when controlling for age.

Associations between intentional action understanding and
parent-report measures. Next, I examined associations be-
tween infants’ joint attention and motor behaviors and their per-
formance on the eye-tracking task. Bivariate correlations were
conducted using the proportion of anticipatory looks in Triad 1 as
the outcome variable. These correlational analyses focused on
Triad 1 because, as indicated earlier, this is where effects of age
and condition were observed. Separate analyses were run for the
successful and failed reaching conditions because these conditions

1 Because infants in the current study were recruited to span the range of
ages between 8 and 11 months, age was treated as a continuous variable.

2 As suggested by the absence of effects of test location, the additional
participants in this study replicated key patterns reported previously in
Brandone et al. (2014; i.e., effects of condition and interactions between
age and triad in the failed reaching condition). This was the case both when
age was treated as a continuous variable and when age was viewed
categorically.

3 As in Brandone et al. (2014), infants produced anticipatory looks
infrequently in Trial 1 (on 21.3% of trials), and the likelihood of doing so
did not differ by age or condition (ps � .12). Across all analyses presented
in this article, whether the first trial was included in Triad 1 did not change
the pattern of results.

4 A repeated-measures analysis of variance using the proportion of
anticipatory looks per triad as the dependent variable produced the same
pattern of results: a main effect of triad, F(2, 138) � 3.68, p � .028, and
Triad � Age, F(2, 138) � 3.72, p � .027, Triad � Condition, F(2, 138) �
2.92, p � .057, and Triad � Condition � Age, F(2, 138) � 3.95, p � .022,
interactions. As in the GEE analyses, age was a significant predictor of
performance during Triad 1 of the failed reaching condition only, F(1,
34) � 4.98, p � .032, revealing that the likelihood of producing an
anticipatory look to the ball in Triad 1 of the failed reaching condition
increased with age (all other ps � .16).
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yielded different patterns of eye-tracking results and were hypoth-
esized to show different associations with the infant behavior
measures. I predicted that associations with social and motor
behaviors would be stronger for participants in the failed reaching
condition because interpreting a failed action provides a clearer
test of an understanding of intention.

Results confirmed these predictions (see Table 3). No asso-
ciation emerged between infants’ social and motor abilities and
the likelihood of producing an anticipatory look in Triad 1 of
the successful reaching condition. A different pattern appeared
for the failed reaching condition: Self-locomotive abilities and
IJA scores were each positively associated with anticipatory
looks to the ball in Triad 1. No associations emerged for
means– end ability or the RJA factor.

Regression and mediation analyses. Next, I used hierarchical
regression to determine the unique contribution of infants’ self-
locomotion and IJA abilities to their performance on the eye-tracking
task. Given that significant associations between parent-report mea-
sures and anticipatory looking appeared in the failed reaching condi-
tion only, I focused the analyses on the failed condition. Hierarchical
regression models were built to determine the relative contribution of
self-locomotion (Step 1) and IJA (Step 2) to infants’ performance in
Triad 1 of the failed reaching condition.

As shown in Table 4, Step 1 results revealed that self-
locomotion explained a significant proportion of the variance in
anticipatory looking scores in Triad 1 of the failed reaching con-
dition. In Step 2, IJA added significantly to the variance accounted
for and significantly predicted the proportion of anticipatory looks.
Finally, when IJA was entered in Step 2, self-locomotion was no
longer a significant predictor (see Table 4).

Note that age was not included as a predictor in the focal regression
model because self-locomotion and IJA abilities were hypothesized to
explain the effects of age observed in this study. That is, the key

causal forces behind changes in intention understanding were pre-
dicted to be infants’ motor and social abilities, and age was predicted
to explain differences in anticipatory looking measures only insofar as
it accounted for differences in children’s self-locomotion and IJA
abilities. Nevertheless, to rule out the possibility that differences in
failed action anticipation are a result of maturation alone, a hierarchi-
cal regression model including age as a control variable was also
tested. If age alone explained differences in anticipatory looking
scores, the inclusion of age in this analysis should have wiped out or
severely diminished the other effects. This was not the case (see Table
5). When controlling for age, self-locomotion no longer indepen-
dently predicted anticipatory looking scores in Triad 1, suggesting that
the effects of self-locomotion may be driven in part by maturation;
however, self-locomotion abilities remained a somewhat stronger
predictor of anticipatory looking scores than age. Importantly, con-
sistent with the previous regression analyses (see Table 4), in the final
step of the model, IJA added to the variance accounted for and
predicted the proportion of anticipatory looks even when controlling
for age. Overall, these findings cast doubt on the possibility that
maturation alone explains changes in failed action anticipation.

Finally, given the observed association between self-locomotion
abilities and IJA scores, r(77) � .45, p � .001, and the results of
the reported regression analyses, I also tested an exploratory me-
diation model in which IJA abilities mediate the association be-
tween self-locomotion and anticipatory looking during Triad 1 of
the failed reaching event. I used bias-corrected bootstrapping
(Preacher & Hayes, 2004, 2008) because it is considered to be the
most accurate method for detecting indirect effects when sample
sizes are small. The confidence interval (CI) was set to 95% with
5,000 resamples. Results indicated that although the total effect of
self-locomotion on anticipatory looking was significant, t(38) �
2.40, p � .021, the direct effect was not, t(37) � 1.33, p � .19.

Table 2
Correlations [and Bootstrapped 95% Confidence Intervals] Between Parent-Report Measures and Age

Variable 1 2 3 4 5

1. Self-locomotion — .097 [�.11, .31] .448 [.30, .58]�� .120 [�.11, .33] .547 [.39, .67]��

2. Means–end ability — .145 [�.05, .34] .283 [.04, .49]� .196 [�.03, .40]
3. Initiating joint attention .145 [�.05, .34] — .117 [�.11, .33] .459 [.29, .60]��

4. Responding to joint attention — .228 [.02, .42]�

5. Age —

� p � .05. �� p � .01.

Table 3
Correlations [and Bootstrapped 95% Confidence Intervals]
Between Infant Behavior Measures and Proportions of
Anticipatory Looks to the Ball Area of Interest in Triad 1 of the
Successful and Failed Reaching Conditions

Measure
Successful
condition

Failed
condition

Self-locomotion .231 [�.08, .55] .363 [.07, .64]�

Means–end ability .046 [�.24, .37] .088 [�.17, .35]
Initiating joint attention .111 [�.20, .40] .449 [.15, .70]��

Responding to joint attention .079 [�.27, .43] .078 [�.22, .36]

� p � .05. �� p � .01.

Table 4
Results of Hierarchical Regression Analysis Predicting
Proportions of Anticipatory Looks in Triad 1 of the Failed
Reaching Condition from Self-Locomotion and Initiating
Joint Attention

Independent variable R2 
R2 
F F 	 t

Step 1 .13 5.77�

Self-locomotion .36 2.40�

Step 2 .24 .11 5.22 5.79��

Self-locomotion .21 1.33
Initiating joint attention .36 2.27�

Note. n � 40.
� p � .05. �� p � .01.
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Bootstrapping analyses also showed that infants’ IJA abilities
significantly mediated the association between self-locomotion
and anticipatory looks during Triad 1 of the failed reaching event
(95% CI [.0024, .0730]). These findings lend support to the me-
diational model predicting that changes in joint attention abilities
resulting from the onset of self-locomotion explain the association
between self-locomotion abilities and infants’ understanding of
others’ intentional actions.

Discussion

The goal of this article was to shed light on the developmental
mechanisms underlying changes in infants’ understanding of in-
tentional actions by documenting relations between infants’ inten-
tion understanding and other emerging social and motor abilities in
the first year of life. Findings confirmed prior data showing im-
provements in infants’ ability to interpret and make predictions
about others’ failed intentional actions between 8 and 11 months of
age (Brandone et al., 2014; Brandone & Wellman, 2009). In
addition, I found that parent-report measures of infants’ IJA and
self-locomotion abilities were associated with infants’ ability to
predict the outcome of a failed (but not a successful) reaching
action. Specifically, the current study provides the first evidence
that variability in the extent to which infants use gestures and gaze
to guide the attention of others (the IJA factor) predicts their ability
to anticipate the goal of a failed action. This study is also the first
to show an association between self-locomotion ability and in-
fants’ ability to make predictions about the goal of a failed inten-
tional action. Finally, exploratory mediation analyses showed that
infants’ joint attention abilities substantially mediate the associa-
tion between self-locomotion and the ability to predict the outcome
of the failed action, raising the intriguing possibility that self-
locomotion may shape the development of intention understanding
by altering infants’ experience with those around them and inviting
opportunities for joint-attentive interactions. Overall, these data
are consistent with the view that learning opportunities available in
infants’ social and motor experience may contribute to changes in
their social–cognitive abilities.

Notably, associations between infants’ social and motor behav-
iors and their action-processing abilities emerged in the current

study in the failed reaching condition only. There were no signif-
icant correlations between any behaviors assessed on the parent
questionnaire and infants’ anticipatory looks to the ball in the
successful condition. Recall that reasoning about the goal of a
failed action has been argued to provide a different, more diag-
nostic test of intention understanding than does reasoning about
the goal of a successful action. This is because, unlike in an action
that successfully accomplishes its goals, the outcome and observed
pattern of motion in a failed action are distinct from the internal
state motivating them (see Meltzoff, 1995). Thus, the fact that
significant associations only emerged in the failed reaching con-
dition suggests that joint attention and self-locomotion experience
are uniquely related to (and possibly play a role in the development
of) the robust, complex intentional understanding of human be-
havior that emerges late in the first year.

It is important to note that the design used in the current study
only allows me to evaluate concurrent relations between infants’
motor and social behaviors and their intention understanding.
There is no way to be certain about the direction of causation that
may account for the associations observed. Moreover, conclusions
must also be limited because of the fact that estimates of infants’
motor and social behaviors were derived from parent-report ques-
tionnaires. Longitudinal studies that involve direct observations of
motor and social behaviors are needed to more precisely examine
how the relations between understanding intention, IJA, and mov-
ing independently play out over the course of development. Nev-
ertheless, an important question arising from the current data
concerns what explains the observed associations.

Consider first the association between infants’ failed action
understanding and their ability to initiate joint attention. Some
researchers have argued that an understanding of intention is
required for the later development of joint attention in infancy
(Tomasello, Carpenter, Call, Behne, & Moll, 2005). On this view,
an understanding of others as intentional agents provides the
foundation and motivation for joint-attentive interactions, and joint
attention is thus a behavioral manifestation of infants’ underlying
intention understanding. Others have argued that joint attention
experience is a predictor rather than an outcome of the develop-
ment of intention understanding (Corkum & Moore, 1995; Mundy
& Newell, 2007). On this view, joint attentive interactions provide
the rich experiences necessary for infants to acquire a view of
others as intentional agents. The current data cannot speak directly
to the question of causation. Moreover, given the parent-report
nature of the joint attention measures, it remains possible that
parents’ perception of infants’ initiation of joint attention rather
than infants’ joint attention ability itself may be driving the asso-
ciation. That is, parents who are more attentive to infants’ inter-
actions and joint attention behaviors and thus more likely to report
that their infants are initiating joint attention may have infants who
are better able to understand others’ intentions. Nevertheless, the
current data provide initial empirical support for the proposal that
IJA behaviors and intention understanding are tightly related.

These findings are also consistent with research documenting
relations between specific joint attention behaviors and an under-
standing of those behaviors in others. For example, Brune and
Woodward (2007) and Woodward and Guajardo (2002) found that
between 9 and 12 months of age, infants who produced object-
directed points were more likely than those who did not yet
produce such points to interpret the pointing behavior of others as

Table 5
Results of Hierarchical Regression Analysis Predicting
Proportions of Anticipatory Looks in Triad 1 of the Failed
Reaching Condition from Age, Self-Locomotion, and Initiating
Joint Attention

Independent variable R2 
R2 
F F 	 t

Step 1 .11 4.76�

Age .33 2.18�

Step 2 .17 .056 2.47 3.70�

Age .21 1.24
Self-locomotion .27 1.57

Step 3 .25 .084 4.01 4.01��

Age .13 0.76
Self-locomotion .17 0.97
Initiating joint attention .33 2.00†

Note. n � 40.
† p � .053. � p � .05. �� p � .01.
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relational in a visual habituation task. Brune and Woodward also
found that shared attention (measured by the proportion of time
infants and their primary caregivers spent in a state of joint
engagement with an object during a free-play period) was system-
atically related to infants’ understanding of the goal directedness
of a gaze event (in a habituation task). However, relations across
these sets of measures were not significant; that is, pointing be-
havior was not related to understanding the goal directedness of
gaze, and shared attention was not related to understanding point-
ing. On the basis of these findings, Brune and Woodward (2007)
concluded that infants use their social experience to develop rel-
atively isolated “pockets of knowledge” (p. 155) about particular
actions that only later become integrated in a coherent concept
of intention. The current findings, however, suggest that by the
end of the first year, infants may also possess a broader notion
of people as intentional agents that is importantly related to
their tendency to initiate rich joint-attentive social interactions.
More research is needed to evaluate whether and when infants
integrate their piecemeal knowledge about others’ actions into
a unified concept of intention and the role that experience in
joint-attentive social interactions may play in the process.

Consider next the observed association between self-locomotion
ability and infants’ tendency to produce anticipatory looks during
the failed reaching event. Standard approaches to exploring the
relation between motor experience and action understanding ex-
amine how experience producing a specific type of goal-directed
action is related to the ability to interpret that action alone (for
reviews, see Gerson & Woodward, 2010; Woodward et al., 2009;
but see Skerry et al., 2013, for a different approach). The current
results move beyond this argument and suggest that experience as
an intentional agent more broadly may also influence infants’
views of others’ intentionality.

One interpretation of this relation is that the ability to locomote
independently is important for intention understanding because it
provides a powerful opportunity for infants to act on their own
intentions and, thus, offers broad insight into both infants’ own and
others’ intentionality. This view is plausible given research show-
ing that crawling is a key developmental milestone that transforms
infants’ experience and interactions with their environment (Cam-
pos et al., 2000). A distinct (but not mutually exclusive) possibility
is that the power of self-locomotion experience is indirect—in the
ways in which it transforms infants’ social interactions. Locomo-
tion represents more than just a motor milestone: learning to crawl
and walk are also associated with changes in infants’ social be-
haviors, including greater attention to distal social events and
increased time in interactive play games and distal communicative
interactions with caregivers (Campos et al., 2000; Clearfield, 2011;
Karasik, Tamis-LeMonda, & Adolph, 2011). The mediational
analyses presented in the current study are consistent with the
hypothesis that self-locomotion may contribute to an emerging
understanding of intention by way of the effects it has on joint
attention. However, given limitations of the current paradigm for
drawing causal conclusions, further research is needed to system-
atically test this hypothesis. Additional research is also required to
disentangle the effects of self-locomotion and those of maturation
alone.

Another important question arising from the current data con-
cerns the absence of relations between infants’ failed action un-
derstanding and their RJA and means–end action abilities. In both

cases, these null results could reflect methodological issues. For
example, failure to find evidence of an association between inten-
tion understanding and means–end abilities may well be attribut-
able to the imprecision of the measure used to assess means–end
action production: a single parent-report item. Likewise, the ab-
sence of an association between RJA scores and infants’ failed
action understanding may be attributable to measurement issues.
Scores on the items loading on the RJA factor were consistently
high and showed low variability, decreasing the likelihood of
finding an association if one exists. These items were also less
active in nature and may have been more challenging for parents
to assess. If that was the case, data from these items would have
been less accurate and the factor less sensitive (but see Brune &
Woodward, 2007, for similar findings using observational mea-
sures of infants’ gaze and point following).

A more interesting explanation is that the RJA factor shows a
distinct pattern of associations from the IJA factor because each
reflects a unique dimension of joint attention that is differentially
related to intention understanding. This possibility is supported by
research showing that these factors display different patterns of
age-related growth in infancy, have unique associations with later
development, and reflect different underlying processes (Mundy et
al., 2007). For example, RJA is associated with parietal activity in
the brain and may be part of a relatively reflexive system of
orienting to biologically meaningful stimuli that develops early in
the first year of life (for a review, see Mundy, Card, & Fox, 2000;
see also Barresi & Moore, 1996; Corkum & Moore, 1995). In
contrast, IJA is associated with activation of frontal brain areas
(Mundy et al., 2000) and may be part of a more volitional attention
system that develops later in infancy (e.g., Rothbart, Posner, &
Rosicky, 1994). On this view, the more purposeful use of behav-
iors such as eye contact or gestures to initiate coordinated attention
with a social partner may be more clearly linked with infants’
understanding of intention. Further research across a larger devel-
opmental window is necessary to more precisely document how
infants’ IJA and RJA behaviors may be related to the development
of intention understanding.

In conclusion, existing research examining infants’ understand-
ing of the intentional structure of others’ actions supports both
early competencies (for a review, see Woodward et al., 2009) and
important developmental change (e.g., Brandone et al., 2014;
Brandone & Wellman, 2009). Although the understanding present
in young infants is consistent with the possibility that infants
possess an innate computational system for reasoning about inten-
tional actions (e.g., Bíró & Leslie, 2007; Gergely & Csibra, 2003),
a different theoretical account must be offered to explain how
infants’ understanding of intentional action changes in the second
half of the first year of life. The current study demonstrates that
changes in infants’ social and motor experience during this time
are also related to their developing understanding of intentional
actions. Future research is needed to examine the promising pos-
sibility that joint-attentive social interactions that occur with in-
creasing frequency as infants learn to crawl and walk may shape
their understanding of others as intentional agents. The questions
of how these mechanisms work together and how they enrich or
build on infants’ earlier understandings remain important direc-
tions for future research.

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

10 BRANDONE



References

Aschersleben, G., Hofer, T., & Jovanovic, B. (2008). The link between
infant attention to goal-directed action and later theory of mind abilities.
Developmental Science, 11, 862–868. http://dx.doi.org/10.1111/j.1467-
7687.2008.00736.x

Bai, D. L., & Bertenthal, B. I. (1992). Locomotor status and the develop-
ment of spatial search skills. Child Development, 63, 215–226. http://dx
.doi.org/10.2307/1130914

Baldwin, D. A., Baird, J. A., Saylor, M. M., & Clark, M. A. (2001). Infants
parse dynamic action. Child Development, 72, 708–717. http://dx.doi
.org/10.1111/1467-8624.00310

Baldwin, D. A., & Moses, L. J. (2001). Links between social understanding
and early word learning: Challenges to current accounts. Social Devel-
opment, 10, 309–329. http://dx.doi.org/10.1111/1467-9507.00168

Barresi, J., & Moore, C. (1996). Intentional relations and social under-
standing. Behavioral and Brain Sciences, 19, 107–122. http://dx.doi.org/
10.1017/S0140525X00041790

Behne, T., Carpenter, M., Call, J., & Tomasello, M. (2005). Unwilling
versus unable: Infants’ understanding of intentional action. Developmen-
tal Psychology, 41, 328–337.

Bíró, S., & Leslie, A. M. (2007). Infants’ perception of goal-directed
actions: Development through cue-based bootstrapping. Developmental
Science, 10, 379 –398. http://dx.doi.org/10.1111/j.1467-7687.2006
.00544.x

Brandone, A. C., Horwitz, S. R., Aslin, R. N., & Wellman, H. M. (2014).
Infants’ goal anticipation during failed and successful reaching actions.
Developmental Science, 17, 23–34. http://dx.doi.org/10.1111/desc
.12095

Brandone, A. C., & Wellman, H. M. (2009). You can’t always get what
you want: Infants understand failed goal-directed actions. Psychological
Science, 20, 85–91. http://dx.doi.org/10.1111/j.1467-9280.2008.02246.x

Bretherton, I. (1991). Intentional communication and the development of
an understanding of mind. In D. Frye & C. Moore (Eds.), Children’s
theories of mind (pp. 49–75). Hillsdale, NJ: Erlbaum.

Brune, C. W., & Woodward, A. L. (2007). Social cognition and social
responsiveness in 10-month-old infants. Journal of Cognition and De-
velopment, 8, 133–158. http://dx.doi.org/10.1080/15248370701202331

Bruner, J. (1983). Child’s talk: Learning to use language. New York:
Norton.

Campos, J. J., Anderson, D. I., Barbu-Roth, M. A., Hubbard, E. M.,
Hertenstein, M. J., & Witherington, D. (2000). Travel broadens the
mind. Infancy, 1, 149 –219. http://dx.doi.org/10.1207/
S15327078IN0102_1

Campos, J. J., & Stenberg, C. (1981). Perception, appraisal, and emotion:
The onset of social referencing. In M. Lamb & L. Sherrod (Eds.), Infant
social cognition: Empirical and theoretical considerations (pp. 274–
313). Hillsdale, NJ: Erlbaum.

Cannon, E. N., & Woodward, A. L. (2012). Infants generate goal-based
action predictions. Developmental Science, 15, 292–298. http://dx.doi
.org/10.1111/j.1467-7687.2011.01127.x

Carpenter, M., Nagell, K., & Tomasello, M. (1998). Social cognition, joint
attention, and communicative competence from 9 to 15 months of age.
Monographs of the Society for Research in Child Development, 63 (4,
Serial No. 255).

Cicchino, J. B., & Rakison, D. H. (2008). Producing and processing
self-propelled motion in infancy. Developmental Psychology, 44, 1232–
1241. http://dx.doi.org/10.1037/a0012619

Clearfield, M. W. (2011). Learning to walk changes infants’ social inter-
actions. Infant Behavior & Development, 34, 15–25. http://dx.doi.org/
10.1016/j.infbeh.2010.04.008

Corkum, V., & Moore, C. (1995). Development of joint visual attention in
infants. In C. Moore & P. J. Dunham (Eds.), Joint attention: Its origins
and role in development (pp. 61–83). Hillsdale, NJ: Erlbaum.

Csibra, G., & Gergely, G. (2007). “Obsessed with goals”: Functions and
mechanisms of teleological interpretation of actions in humans. Acta
Psychologica, 124, 60–78. http://dx.doi.org/10.1016/j.actpsy.2006.09
.007

Daum, M. M., Prinz, W., & Aschersleben, G. (2008). Encoding the goal of
an object-directed but uncompleted reaching action in 6- and 9-month-
old infants. Developmental Science, 11, 607–619. http://dx.doi.org/
10.1111/j.1467-7687.2008.00705.x

Daum, M. M., Prinz, W., & Aschersleben, G. (2011). Perception and
production of object-related grasping in 6-month-olds. Journal of Ex-
perimental Child Psychology, 108, 810–818. http://dx.doi.org/10.1016/
j.jecp.2010.10.003

Falck-Ytter, T., Gredebäck, G., & von Hofsten, C. (2006). Infants predict
other people’s action goals. Nature Neuroscience, 9, 878–879. http://
dx.doi.org/10.1038/nn1729

Gallese, V., Rochat, M., Cossu, G., & Sinigaglia, C. (2009). Motor cog-
nition and its role in the phylogeny and ontogeny of action understand-
ing. Developmental Psychology, 45, 103–113. http://dx.doi.org/10.1037/
a0014436

Gergely, G., & Csibra, G. (2003). Teleological reasoning in infancy: The
naïve theory of rational action. Trends in Cognitive Sciences, 7, 287–
292. http://dx.doi.org/10.1016/S1364-6613(03)00128-1

Gergely, G., Nádasdy, Z., Csibra, G., & Bíró, S. (1995). Taking the
intentional stance at 12 months of age. Cognition, 56, 165–193. http://
dx.doi.org/10.1016/0010-0277(95)00661-H

Gerson, S., & Woodward, A. L. (2010). Building intentional action knowl-
edge with one’s hands. In S. P. Johnson (Ed.), Neoconstructivism: The
new science of cognitive development (pp. 295–313). New York: Oxford
University Press.

Gerson, S. A., & Woodward, A. L. (2014). Learning from their own
actions: The unique effect of producing actions on infants’ action un-
derstanding. Child Development, 85, 264 –277. http://dx.doi.org/
10.1111/cdev.12115

Gredebäck, G., Johnson, S., & von Hofsten, C. (2009). Eye tracking in
infancy research. Developmental Neuropsychology, 35, 1–19. http://dx
.doi.org/10.1080/87565640903325758

Gredebäck, G., & Melinder, A. (2010). Infants’ understanding of everyday
social interactions: A dual process account. Cognition, 114, 197–206.
http://dx.doi.org/10.1016/j.cognition.2009.09.004

Gredebäck, G., Stasiewicz, D., Falck-Ytter, T., Rosander, K., & von
Hofsten, C. (2009). Action type and goal type modulate goal-directed
gaze shifts in 14-month-old infants. Developmental Psychology, 45,
1190–1194. http://dx.doi.org/10.1037/a0015667

Gustafson, G. E. (1984). Effects of the ability to locomote on infants’
social and exploratory behaviors: An experimental study. Developmental
Psychology, 20, 397–405. http://dx.doi.org/10.1037/0012-1649.20.3
.397

Hamlin, J. K., Hallinan, E. V., & Woodward, A. L. (2008). Do as I do:
7-month-old infants selectively reproduce others’ goals. Developmental
Science, 11, 487– 494. http://dx.doi.org/10.1111/j.1467-7687.2008
.00694.x

Hamlin, J. K., Newman, G. E., & Wynn, K. (2009). Eight-month-old
infants infer unfulfilled goals, despite ambiguous physical evidence.
Infancy, 14, 579–590. http://dx.doi.org/10.1080/15250000903144215

Herbert, J., Gross, J., & Hayne, H. (2007). Crawling is associated with
more flexible memory retrieval by 9-month-old infants. Developmental
Science, 10, 183–189. http://dx.doi.org/10.1111/j.1467-7687.2007
.00548.x

Higgins, C. I., Campos, J. J., & Kermoian, R. (1996). Effects of self-
produced locomotion on infant postural compensation to optic flow.
Developmental Psychology, 32, 836–841. http://dx.doi.org/10.1037/
0012-1649.32.5.836

Hunnius, S., & Bekkering, H. (2010). The early development of object
knowledge: A study of infants’ visual anticipations during action obser-

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

11INFANTS’ SOCIAL AND MOTOR EXPERIENCE



vation. Developmental Psychology, 46, 446–454. http://dx.doi.org/
10.1037/a0016543

Kanakogi, Y., & Itakura, S. (2011). Developmental correspondence be-
tween action prediction and motor ability in early infancy. Nature
Communications, 2, 341. http://dx.doi.org/10.1038/ncomms1342

Karasik, L. B., Tamis-LeMonda, C. S., & Adolph, K. E. (2011). Transition
from crawling to walking and infants’ actions with objects and people.
Child Development, 82, 1199–1209. http://dx.doi.org/10.1111/j.1467-
8624.2011.01595.x

Kochukhova, O., & Gredebäck, G. (2010). Preverbal infants anticipate that
food will be brought to the mouth: An eye tracking study of manual
feeding and flying spoons. Child Development, 81, 1729–1738. http://
dx.doi.org/10.1111/j.1467-8624.2010.01506.x

Legerstee, M., & Markova, G. (2008). Variations in 10-month-old infant
imitation of people and things. Infant Behavior & Development, 31,
81–91. http://dx.doi.org/10.1016/j.infbeh.2007.07.006

Liang, K. Y., & Zeger, S. L. (1986). Longitudinal data analysis using
generalized linear models. Biometrika, 73, 13–22. http://dx.doi.org/
10.1093/biomet/73.1.13

Luo, Y., & Baillargeon, R. (2005). Can a self-propelled box have a goal?
Psychological reasoning in 5-month-old infants. Psychological Science,
16, 601–608. http://dx.doi.org/10.1111/j.1467-9280.2005.01582.x

Meltzoff, A. N. (1995). Understanding the intentions of others: Re-
enactment of intended acts by 18-month-old children. Developmental
Psychology, 31, 838–850. http://dx.doi.org/10.1037/0012-1649.31.5
.838

Meltzoff, A. N. (2007). “Like me”: A foundation for social cognition.
Developmental Science, 10, 126–134. http://dx.doi.org/10.1111/j.1467-
7687.2007.00574.x

Meltzoff, A. N., & Brooks, R. (2008). Self-experience as a mechanism for
learning about others: A training study in social cognition. Developmen-
tal Psychology, 44, 1257–1265. http://dx.doi.org/10.1037/a0012888

Moore, C. (2006). The development of commonsense psychology. Mahwah,
NJ: Erlbaum.

Mundy, P., Block, J., Delgado, C., Pomares, Y., Van Hecke, A. V., &
Parlade, M. V. (2007). Individual differences and the development of
joint attention in infancy. Child Development, 78, 938–954. http://dx
.doi.org/10.1111/j.1467-8624.2007.01042.x

Mundy, P., Card, J., & Fox, N. (2000). EEG correlates of the development
of infant joint attention skills. Developmental Psychobiology, 36, 325–
338.

Mundy, P., & Gomes, A. (1998). Individual differences in joint attention
skill development in the second year. Infant Behavior & Development,
21, 469–482. http://dx.doi.org/10.1016/S0163-6383(98)90020-0

Mundy, P., & Newell, L. (2007). Attention, joint attention, and social
cognition. Current Directions in Psychological Science, 16, 269–274.
http://dx.doi.org/10.1111/j.1467-8721.2007.00518.x

Piaget, J. (1953). The origins of intelligence in the child. London: Rout-
ledge & Kegan Paul.

Preacher, K. J., & Hayes, A. F. (2004). SPSS and SAS procedures for
estimating indirect effects in simple mediation models. Behavior Re-
search Methods, Instruments, & Computers, 36, 717–731. http://dx.doi
.org/10.3758/BF03206553

Preacher, K. J., & Hayes, A. F. (2008). Asymptotic and resampling
strategies for assessing and comparing indirect effects in multiple me-
diator models. Behavior Research Methods, 40, 879–891. http://dx.doi
.org/10.3758/BRM.40.3.879

Robins, D., Fein, D., & Barton, M. (1999). The Modified Checklist for
Autism in Toddlers (M-CHAT). Storrs: University of Connecticut.

Rothbart, M., Posner, M., & Rosicky, J. (1994). Orienting in normal and
pathological development. Development and Psychopathology, 6, 635–
652. http://dx.doi.org/10.1017/S0954579400004715

Seibert, J. M., Hogan, A. E., & Mundy, P. C. (1982). Assessing interac-
tional competencies: The early social communication scales. Infant
Mental Health Journal, 3, 244–258. http://dx.doi.org/10.1002/1097-
0355(198224)3:4�244::A

Skerry, A. E., Carey, S. E., & Spelke, E. S. (2013). First-person action
experience reveals sensitivity to action efficiency in prereaching infants.
Proceedings of the National Academy of Sciences of the United States of
America, 110, 18728 –18733. http://dx.doi.org/10.1073/pnas
.1312322110

Sommerville, J. A., Woodward, A. L., & Needham, A. (2005). Action
experience alters 3-month-old infants’ perception of others’ actions.
Cognition, 96, B1–B11. http://dx.doi.org/10.1016/j.cognition.2004.07
.004

Striano, T., Stahl, D., & Cleveland, A. (2009). Taking a closer look at
social and cognitive skills: A weekly longitudinal assessment between 7
and 10 months of age. European Journal of Developmental Psychology,
6, 567–591. http://dx.doi.org/10.1080/17405620701480642

Tomasello, M. (1995). Joint attention as social cognition. In C. Moore &
P. J. Dunham (Eds.), Joint attention: Its origins and role in development
(pp. 103–130). Hillsdale, NJ: Erlbaum.

Tomasello, M. (1999). The cultural origins of human cognition. Cam-
bridge, MA: Harvard University Press.

Tomasello, M., Carpenter, M., Call, J., Behne, T., & Moll, H. (2005).
Understanding and sharing intentions: The origins of cultural cognition.
Behavioral and Brain Sciences, 28, 675–691. http://dx.doi.org/10.1017/
S0140525X05000129

Tomasello, M., & Todd, J. (1983). Joint attention and lexical acquisition
style. First Language, 4, 197–211. http://dx.doi.org/10.1177/
014272378300401202

Warneken, F., & Tomasello, M. (2006, March 3). Altruistic helping in
human infants and young chimpanzees. Science, 311, 1301–1303. http://
dx.doi.org/10.1126/science.1121448

Wellman, H. M., & Brandone, A. C. (2009). Early intention understandings
that are common to primates predict children’s later theory of mind.
Current Opinion in Neurobiology, 19, 57–62. http://dx.doi.org/10.1016/
j.conb.2009.02.004

Wellman, H. M., Lopez-Duran, S., LaBounty, J., & Hamilton, B. (2008).
Infant attention to intentional action predicts preschool theory of mind.
Developmental Psychology, 44, 618–623. http://dx.doi.org/10.1037/
0012-1649.44.2.618

Wetherby, A., & Prizant, B. (2002). Communication and Symbolic Behav-
ior Scales Developmental Profile. Baltimore: Brookes.

Willatts, P. (1999). Development of means–end behavior in young infants:
Pulling a support to retrieve a distant object. Developmental Psychology,
35, 651–667. http://dx.doi.org/10.1037/0012-1649.35.3.651

Woodward, A. L. (1998). Infants selectively encode the goal object of an
actor’s reach. Cognition, 69, 1–34. http://dx.doi.org/10.1016/S0010-
0277(98)00058-4

Woodward, A. L. (2009). Infants’ grasp of others’ intentions. Current
Directions in Psychological Science, 18, 53–57. http://dx.doi.org/
10.1111/j.1467-8721.2009.01605.x

Woodward, A. L., & Guajardo, J. J. (2002). Infants’ understanding of the
point gesture as an object-directed action. Cognitive Development, 17,
1061–1084. http://dx.doi.org/10.1016/S0885-2014(02)00074-6

Woodward, A. L., Sommerville, J. A., Gerson, S., Henderson, A. M. E., &
Buresh, J. (2009). The emergence of intention attribution in infancy. In
B. Ross (Ed.), The psychology of learning and motivation (Vol. 51, pp.
187–222). San Diego, CA: Academic Press. http://dx.doi.org/10.1016/
S0079-7421(09)51006-7

Received April 4, 2014
Revision received December 22, 2014

Accepted December 23, 2014 �

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

12 BRANDONE


