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Abstract

In this paper, we argue that young infants serve as ideal models for disentangling the relative contributions of embodied

and symbolic processes to mature social cognition and behavior. Based on evidence suggesting that infants possess a

nascent ability to understand others’ actions, and to interact and communicate with others in meaningful ways, we argue

that the embodiment processes underlying these skills in infancy may also account for a significant portion of adults’ social

understanding and behavior. Based on evidence suggesting both continuity and change in social understanding and

behavior as children encounter a formal language system, and evidence suggesting that manipulating the mode of

processing influences social understanding, we argue that embodied and symbolic modes of understanding are potentially

dissociable and can yield different construals of the same social behavior. Finally, we suggest that the study of infancy can

elucidate outstanding issues in the adult social psychology, and close by providing one illustration of the way in which it

might do so. Copyright # 2009 John Wiley & Sons, Ltd.

INTRODUCTION

A critical and central question for the field of social psychology concerns the contribution of embodied and symbolic
processes to social cognition, interaction, and communication (Semin & Smith, 2002). In this paper, we argue that
investigating the origins of social understanding and behavior in infancy and early childhood provides promise for
elucidating key issues in social psychology. We suggest that developmental research can contribute to an understanding of
how these processes operate to produce social behavior and cognition in at least two ways. First, we argue that young
infants provide ideal models for the study of embodied modes of understanding, interaction, and communication in a
relatively pure and isolated form, because young infants must rely primarily on the production and perception of bodily
states and movements in self and others to navigate their social world. Second, we suggest that infants and children also
provide ideal models for studying the way in which emerging symbolic modes (language-based) of interaction and
communication co-exist and cross talk with embodied (body-based) modes, because during the course of development
infants and children are exposed to and acquire a formal symbolic language system. In other words, the study of early
infancy and childhood offers the unique opportunity to separate out and disentangle what one finds closely intertwined in
later social life.
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We begin by discussing the notions of embodiment in social psychology and the kinds of representational devices that
are required to instantiate embodiment. We subsequently present evidence that young infants, through embodiment
processes, possess a sophisticated repertoire for understanding and interacting in their social world. We then discuss
evidence indicating that social understanding, interaction, and communication may change as infants’ and children’s
understanding of their social world becomes increasingly mediated by symbolic processes. Finally, we close by
summarizing the contribution of developmental research to understanding embodied and symbolic modes, and provide
specific suggestions for future research agendas.

An Embodied Social Psychology

In the present paper, we use the notion of embodiment not in the broad theoretical and programmatic sense in which it is
often contrasted with disembodied approaches to intelligence and cognition (e.g., Pfeifer & Bongard, 2007; Steels &
Brooks, 1995; Wilson, 2002), but in a more empirical sense in which it refers to social perception, judgment,
understanding, and interaction as arising from embodiment processes, that is, through production andmutual perception of
body states, body movements, and their outcomes. In doing so, we distinguish two modes guiding social understanding
and interaction: Symbolic versus embodied modes. These modes of interaction differ from one another in an important
way. Symbolic or language-based interactions have two levels of interpretation: The level of body-based activities (how
they talk to each other) and the level of semantic content that is attached to and communicated through these activities
(what they talk about). In contrast, language-free embodied interactions, to which we refer here, have only a single level of
interpretation—to the effect that content (what?) is entailed in action (how?).

Much of adult social life must be characterized as an inseparable mixture of body-based and language-based
interactions and communications and, as far as language-based interactions are concerned, with contributions from the
symbolic and the embodied side (i.e., what is being communicated and how it is being communicated). It is therefore
important in the field of social psychology to implement research methodologies that capitalize on both, language-based
and body-based interactions.

For example, as Prinz (2008a,b) suggests, the functional logic of embodied interaction and understanding can be
observed in the context of social mirroring, in which interactions between social partners can be characterized in terms of
their mirror-like qualities: Individual actors interpret, reflect, and expand on the actions of their social partners. The
defining feature of social mirroring is the meaningful relationship between the actions of each social partner—and the fact
that relationship is perceived and understood by both of them. Critically, this phenomenon capitalizes on principles of
common coding (e.g., the same representational resources are used for both, planning and control of own action and
perception of others’ action; Hommel, Müsseler, Aschersleben, & Prinz, 2001; Prinz, 1990, 1997, 2002, 2005) that are
instantiated in shared neural resources for the perception and production of certain kinds of action (for recent overviews
see Decety & Grèzes, 1999; Gallese, 2007; Iacoboni & Dapretto, 2006; Rizzolatti & Craighero, 2004). Thus, mirroring is
embodied in the sense that it does not require a language system and relies entirely on individuals’ competencies for action
production and perception.

In the following section, we review evidence to suggest that infants possess an implicit and embodied understanding of
the social world, and sophisticated social skills for interacting with the social world. We argue that this embodied mode
provides a basic, but still quite powerful, means of understanding others’ actions and interacting with others.

INFANTS AS PURE MODELS FOR AN EMBODIED SOCIAL COGNITION

From the very first day of life, infants act and interact in a social world. In order to be able to do so in a meaningful way, one
has to achieve a variety of skills, such as interpreting others’ behavior, controlling one’s own actions, shifting one’s own
attention to a shared goal, and acting cooperatively with others. In this section, we first suggest that despite the fact that
infants do not yet possess a formal means of communicating and interacting with others, they still show a remarkably
sophisticated understanding of others’ behavior and meaningful social skills. Second, we argue that this understanding is
achieved via embodiment processes; that is, through the perception and production of bodily states in self and others.
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Social Understanding: Understanding Action as Goal-directed

Observing and interpreting others’ goal-directed human behavior has been identified as a critical skill in the fields of
human social cognition (Hommel et al., 2001) and social cognitive development (Carpenter, Call, & Tomasello, 2005;
Hofer, Hauf, & Aschersleben, 2005; Woodward & Sommerville, 2000).

A variety of research suggests that the bare bones of the ability to recognize action as goal directed is in place by the
middle of the first year of life (Daum, Prinz, & Aschersleben, 2008; Jovanovic, Király, Elsner, Gergely, Prinz, &
Aschersleben, 2007; Legerstee, Barna, & DiAdamo, 2000; Woodward, 1998). Woodward (1998), for example, used a
visual habituation paradigm to assess infants’ construal of a simple reach and grasp event. Infants saw an actor repeatedly
reach for and grasp one of two objects during habituation trials. In the subsequent test phase, the positions of the objects
were switched. Infants looked longer at the test event where the hand grasped a new object but followed the same trajectory
as habituation trials than at the test event in which the hand grasped the same object as in the prior habituation phase but
followed a new trajectory. These findings indicate that infants, like adults, possess a key piece of social understanding:
They understand that actions are directed toward objects and events.

This ability becomes increasingly sophisticated over the next 6 months of life: Infants become able to encode the goal
of incomplete actions (Daum et al., 2008; Hamlin, Hallinan, & Woodward, 2008), recognize the goal of action sequences
(Sommerville & Woodward, 2005a), and parse observed sequences of continuous everyday actions along intention
boundaries (e.g., Baldwin, Baird, Saylor, & Clark, 2001). By the end of their first year of life, infants are able to infer goals
from a variety of cues like gaze direction, emotional expression, and pointing (Phillips, Wellman, & Spelke, 2002;
Tomasello, Carpenter, & Liszkowski, 2007; Woodward, 2003; Woodward & Guajardo, 2002). Taken together, these
findings suggest that, in the absence of language, infants understand the fundamental relation between agents and their
actions and goals in the world.

Social Interaction and Communication Skills: Joint Attention, Social Learning, and Joint Action

Infants understanding of the social world depends not only on understanding of others’ actions but also on coordinating
others’ actions with their own actions. Thus, it is also important to identify common goals and experiences. In the
following section, we will focus on three aspects of understanding common goals and experiences: Joint attention (the
appreciation that social partners are jointly focused on and attending to the same object), imitation (the ability to socially
learn from others to perform a novel action via observation), and joint action (the ability for social partners to coordinate
their action to achieve a common goal).

Joint Attention

Joint attention refers to the ability to share attention with others on objects and events, and to direct others’ attention to
objects and events. Evidence suggests that human infants show an early sensitivity to faces and eye gaze in particular:
Shortly after birth, human infants prefer to look at faces that engage them in direct and mutual gaze compared to faces with
averted gaze (Farroni, Csibra, Simion, & Johnson, 2002; Macchi, Simion, & Umiltà, 2001).

Research on the development of joint attention focuses on three main aspects: Sharing attention, following attention,
and directing attention (for a broad overview, see Carpenter, Nagell, & Tomasello, 1998). Sharing attention is the triadic
interaction in which the infants and caregivers mutually attend to the same object or event. Trevarthen and Hubley (1978)
were the first to describe how infants’ attention developed from dyadic (direct interaction with either an object or a person)
to triadic by around 9months of age. The ability to coordinate visual attention between people and objects becomes further
elaborated by the end of the first year of life (Carpenter et al., 1998; Tomasello, Carpenter, Call, Behne, & Moll, 2005).
Following attention describes the ability to follow another’s gaze or gesture directed towards an object or location. Scaife
and Bruner (1975) studied gaze following in infants from 2 to 14 months and showed that at the earliest age tested, one
third of the infants were able to follow another’ direction of gaze. The following of a pointing gesture develops somewhat
later around the age of 12 months (Butterworth & Grover, 1988, 1990; Liszkowski, Carpenter, Striano, & Tomasello,
2006). Finally, infants begin to direct another’s attention to a certain object or location at the end of their first year of life
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(Bates, Camaioni, & Volterra, 1975). At the age of 12 months, infants thus are able to perform actions such as giving and
sharing objects with others (Bakeman & Adamson, 1984; Mundy & Gomes, 1998).

Social Learning

Research on social learning during the first year of life has shown that newborn infants will copy simple body movements
and facial expressions of an adult model (e.g., Meltzoff & Moore, 1977, for an alternative explanation see e.g., Jones,
2007). Beyond the newborn period, by the middle of the first year of life, infants are able to learn from others about objects
and their affordances and become able to copy simple object manipulations (Barr, Dowden, & Hayne, 1996; von Hofsten
& Siddiqui, 1993). At the age of around 9 months, a further aspect of social learning develops: Infants become able to
recognize when they are being imitated. Infants at that age start to look and smile more towards an adult that imitates them
compared to an adult just facing them (Agnetta & Rochat, 2004; Meltzoff, 1990; Meltzoff & Moore, 1999) and produce
testing behavior towards the imitating adult: They systematically modulate their own action while looking at the adult to
check whether the adult is intentionally mimicking (Agnetta & Rochat, 2004). However, it is not until 12 months of age
that infants start to show social learning of more complicated action sequences, where the infants copies both the goal of a
perceived behavior and specificmeans that were used to achieve the goal. Around their first birthday, infants start to imitate
rationally and take into account the situational constraints in which an action is performed (Schwier, van Maanen,
Carpenter, & Tomasello, 2006; Zmyj, Daum, & Aschersleben, 2009).

Joint Action

Successful social interaction relies not only on the possession of social skills but also on the ability to coordinate actions
with others. From early on, infants are sensitive to social contingencies. Trevarthen (1979) has shown that young infants
are able to take turns with adults while interacting: Infants are more passive when the adult is acting and more active when
the adult is passive (for a review see Rochat & Striano, 1999). A further step in this dyadic interaction goes beyond simple
timing and contingency. In what is called protoconversation, infant–caretaker interactions involve mutual imitation and
continuation of actions and emotional expressions and taking turns from time-to-time (Hobson, 2004).

Further research on the development of joint action in infancy has focused on prosocial behavior such as helping and
cooperation. Infants start to help at the age of 12 months by, for example, pointing informatively to objects that another
person is looking for (Liszkowski et al., 2006). By this age, they are able to show concern for others in distress and
sometimes intervene by comforting them (for an overview see Eisenberg & Fabes, 1998).

Taken together, the aforementioned findings suggest that infants possess both a sophisticated understanding of the
actions of others and sophisticated social skills within the first year of life. How are these early social skills achieved?

Evidence for the Operation of Embodiment Processes in Infancy

Although infants possess skills relevant to language acquisition, infants do not reliably begin to use words as symbols until
roughly the end of the first year of life. How then do infants’ understand others’ actions, and communicate and interact
with others? We argue that infants’ early understanding and social skills spring from embodiment processes, that is, a
system for understanding and interaction based on infants’ production and perception of bodily states.

In adults, the interplay of action perception and production is extensively described in the theoretical framework of the
common coding principle (Prinz, 1990, 1997). This account assumes a bidirectional influence of action and perception,
where perceived events can have an impact on planned and executed actions (Brass, Bekkering, & Prinz, 2001; Stürmer,
Aschersleben, & Prinz, 2000) and planned or executed action can also have an impact on the perception of events (e.g.,
Hamilton, Wolpert, & Frith, 2004; Repp & Knoblich, 2007; Schubö, Prinz, & Aschersleben, 2004). It has been proposed
that perceiving other human body movements leads to an automatic imitative motor activation that feeds back into the
processing of the perceived body movements. This feedback process leads to the generation of a top-down expectation and
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prediction of a perceived action (Wilson & Knoblich, 2005). Thus, the perception of another person’s grasp automatically
activates the motor program of the perceived grasp in the perceiver due to automatic processes of embodiment.

Recent empirical evidence indicates that a common representational system for perception and action might exist by
early infancy. Falck-Ytter, Gredebäck, and von Hofsten (2006) for example tested 6- and 12-month-olds in an action
understanding task. The authors measured infants’ ability to predict the goal of a perceived action by measuring
anticipatory eye movements. Their results support the presence of a close relationship between action perception and
production being present at the age of around 12 months: Infants were only able to anticipatorily shift their gaze to the goal
of an actor’s action when they were themselves able to produce the perceived actions. Further evidence was provided by
two studies by Sommerville and Woodward (2005a, 2005b) who showed tight action-perception linkages in infants’
ability to solve and understand a means-end support task (a task in which an out-of-reach toy could be retrieved by pulling
on the support that sat under it). Additional evidence suggests that 6-month-old infants’ ability to encode the goal of a
grasping action from the aperture size of an actor’s hand during the grasp is related to their grasping competence (Daum,
Prinz, & Aschersleben, 2009). In this task, only those infants who were already able to perform a grasping action encoded
the goal of another person’s grasping action.

These findings suggest that the functional relationships of this early understanding of the surrounding social world do
not seem to be fundamentally different from adults. A common representation of action perception and action production
seems to be present by early infancy providing a basis for a bidirectional influence of action on perception and vice versa.
We have shown that infants possess a means for understanding social behavior, as well as sophisticated social skills, before
the end of the first year of life that derives from their actions on the world, their perceptions of the world, and their
interactions with the world. Due to the lack of an advanced language at this age, these skills have to be achieved through
another route than language, and due to the early and bidirectional influence of perception and action we assume that these
skills are acquired via these processes of embodiment. By extension, this review suggests that many complementary
phenomena that are observed in adults’ social understanding and social behavior may also arise due to embodiment
processes.

FROM AN EMBODIED TO A SYMBOLIC SOCIAL PSYCHOLOGY

How does infants’ early embodied social knowledge change as infants and children enter into a symbolic communication
system? Charting the ways in which a more explicit, symbolic understanding of the social world interacts with early
embodied processes can shed light on how these processes interact to produce adult social cognition and behavior. Much is
known about the onset and the development of language. With the onset of language abilities, infants are provided with an
extremely powerful tool for social communication. But to the best of our knowledge, little is known how the emergence of
this symbolic system of communication interacts with the previously developed embodied system of communication.
Below we discuss the potential ways in which these two modes may interact, as well as emerging evidence that children’s
exposure to language impacts social understanding.

Potential Interactions Between Embodied and Symbolic Modes

In principle, there are at least three ways in which embodied and symbolic modes might be coupled. First, they might
interfere with each other. Second, they might be independent from each other. Third, embodied modes might build the
basis for the symbolic modes. These three different possibilities are described below.

First, it is possible that emerging symbolic modes of understanding, interaction, or communication might interfere with
more embodied modes of understanding, interaction, or communication. Research from the domain of naı̈ve physics
provides evidence that although infants as young as 3 months of age use their knowledge of object solidity to accurately
guide expectations about object location in looking time tasks (Spelke, Breinlinger, Macomber, & Jacobson, 1992), even
2- to 3-year-old children have difficulty actively searching for objects on the basis of this same information (Berthier,
DeBlois, Poirier, Novak, & Clifton, 2000). This decalage may emerge because infants rely solely on embodied knowledge
to predict object trajectories, whereas children’s ability to encode location in symbolic linguistic forms may interfere with
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their ability to demonstrate their embodied knowledge. It is possible that similar interference effects may exist in
children’s developing social understanding.

A second possibility is that embodied and symbolic modes of social understanding may exist independent of one
another. Further research from the domain of intuitive physics provides evidence for separate systems guiding action
versus explicit verbal judgments. In an experimental throwing task used by Krist, Fieberg, andWilkening (1993), children
from the age of four upwards and adults were asked either to propel a ball horizontally from a board to hit a target on the
ground (action condition) or to make a rating about the required launch speed (judgment condition). In the action
condition, all age groups appropriately varied the launch speed. In the judgment condition, however, kindergartners failed
to integrate the relevant dimensions and even 4th graders and adults showed misconceptions about the correct speed–
height relation. Similar results have been obtained in a study on children’s and adults’ knowledge of time and speed in
action and judgment tasks (Huber, Krist, & Wilkening, 2003) and in a water tilting task in which adult participants either
had to judge how far a glass filled with imaginary water could be tilted until the water reached the rim, or they actually had
to tilt the glass with their eyes closed (Frick, Daum, Wilson, & Wilkening, 2009; Schwartz & Black, 1999). From these
findings, one might conclude that embodied knowledge about classical mechanics is distinct from symbolic concepts
about classical mechanics. Thus, it is possible that embodied and symbolic knowledge of the social world also exist
independent of one another.

Third, it is possible that infants’ and children’s early embodied social understanding and skills form the bedrock for a
more formal, symbolic understanding of others’ behavior. A variety of research suggest that there are significant changes
in children’s theory of mind—that is, in their understanding of mental states and the role that they play in behavior—
during the pre-school years (Wellman, Cross, & Watson, 2001). Recent research has focused on the contribution of early
social understanding and skills to later performance on theory-of-mind tasks. Evidence from recent longitudinal studies
suggests that early socio-cognitive skills such as action understanding, imitation, and joint attention predict performance
on later theory-of-mind tasks (Aschersleben, Hofer, & Jovanovic, 2008; Charman, Baron-Cohen, Swettenham, Baird,
Cox, Drew, 2000; Wellman, Lopez-Duran, LaBounty, & Hamilton, 2008; Wellman, Phillips, Dunphy-Lelii, & LaLonde,
2004). Futurework is required to determinewhether this continuity between early skills and later social cognition reflects a
general continuity in social interest and attention from infancy to preschool, or whether specific aspects of embodied
knowledge (e.g., goal understanding) form the foundation for later mental state understanding. Such a speculation does not
imply, however, that embodied modes of understanding are replaced by symbolic modes. Irrespective of the relationship
between the two modes, both continue to exist and operate over the lifespan.

The Role of Language in Children’s Developing Social Understanding

Children’s acquisition of a formal symbol system may provide them with an additional means for understanding the social
world, which may in turn have consequences for their developing social cognition. In particular, we suggest that such a
system may enable infants and children to move beyond understanding and interacting with others based solely on the
perception and production of bodily action, to enable children to mentalize, that is to attribute mental states to individual
whose behavior they witness.

Although little work has directly investigated the role of the acquisition of language on children’s developing social
understanding, several authors have hypothesized that language has specific effects on social understanding. Baldwin and
Saylor (2005) argued that infants’ initial understanding of behavior as guided by mental states might spring from their
exposure to absent referents (words used to refer to objects or events that are not perceptually present). They suggest that
hearing language labels that accompany referents, and hearing those same labels in the absence of their referents, may lead
infants to recognize the referent as a symbol existing in the speaker’s mind. Later in development, language has been
hypothesized to contribute to children’s understanding that beliefs are representations of the world, not merely reflections
of reality, and therefore may be inaccurate. In support of this claim, maternal use of mental state language has been linked
to children’s theory-of-mind performance (Ruffman, Slade, Devitt, & Crowe, 2006).

New research suggests that, from the earliest age at which infants begin to understand words as symbols, the presence of
language accompanying action influences infants’ expectations of others’ behavior. Adults readily construe others’ action
as deriving from dispositional characteristics often overlooking and underestimating situational determinants of behavior
(Gilbert & Malone, 1995). Sommerville and Crane (under review) investigated the conditions under which infants see
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behavior as specific to a particular context, or extending across contexts. They habituated 10-month-old infants to an event
in which an actor repeatedly selected one of two toys in one room. Either the actor merely selected the preferred toy, or the
actor produced a preference statement about the selected toy (e.g., ‘‘I like frogs’’) during toy pursuit. Infants received test
trials in another room in which the actor alternated pursuing her previously selected toy and the non-preferred toy. Only
infants in the preference statement condition continued to expect the actor to pursue the same object in the new room.
Thus, in the presence of an explicit preference statement, infants viewed the actor’s actions a reflecting something
enduring and abiding about the actor. In the absence of an explicit statement, infants viewed the actor’s actions as context-
specific. These findings provide evidence for two modes of understanding others’ actions and suggest that, at least under
some circumstances, the presence of a language statement might shift infants from understanding actions via embodied
processes to more symbolic processes.

Taken together, these findings suggest exposure and engagement in a formal symbolic system may have consequences
for infants’ and children’s developing social psychology. Children’s experience with and exposure to language may lead
them to postulate the existence of unobservable entities, such as mental states, underlying behavior. This emerging
perspective may in turn have significant consequences for children’s on-line and off-line understanding of behavior,
leading them to generate social predictions across a wide range of circumstances. However, children’s emerging theory-of-
mind may also contribute to create systematic misconceptions of others’ behavior, such as the belief that behavior more
frequently stems from dispositional influences than from situational constraints.

FUTURE DIRECTIONS AND CONCLUSIONS

Future Directions

In the last section, we suggest how the present findings and thoughts can contribute to a future research agenda towards an
embodied social psychology. One proposed important future direction involves investigating the interaction between
‘‘symbolic’’ and ‘‘non-symbolic’’ agents. Such an endeavor can further elucidate how embodied and symbolic processes
contribute to social interaction and communication.

Interactions between parents and infants have been proposed to be an important basis for early social cognitive skills
and their later development (Fonagy, 2002; Gergely & Watson, 1996; Rochat & Striano, 1999; Trevarthen, 1979). John
Bowlby proposed that the infants build internal models of the social world based on the infants’ experience with their
caregiver (Bowlby, 1958, 1997). Similarly, Fonagy (2002) claims that the coordination between a mother and her infant
requires the infant to generate representations of forthcoming states (such as goals) as explanatory constructs for
interpreting the behavior and actions of other people. Empirical support for this theoretical assumption shows that parents’
behavior does indeed mediate and influence the development of cognitive, linguistic, and social interaction skills of their
infants (Hofer, Hohenberger, Hauf, & Aschersleben, 2008; Johnson, Dweck, & Chen, 2007; Meins, Fernyhough,
Wainwright, Gupta, Fradley, & Tuckey, 2002; Stams, Juffer, & Van IJzendoorn, 2002; Tamis-LeMonda, Bornstein, &
Baumwell, 2001). And vice versa, infants themselves also influence how caregivers interact. Adults modify their speech in
ways that seem to facilitate infants’ processing of the speech stream (Fernald, Taeschner, Dunn, & Papousek, 1989;
Grieser & Kuhl, 1988; Jusczyk, 1997; Shatz & Gelman, 1973; Snow& Ferguson, 1977). And mothers modify their actions
when demonstrating objects to infants versus adults in ways that might assist infants’ processing of human action (e.g.,
motionese, Brand, Baldwin, & Ashburn, 2002). Thus, investigating parent–infant interaction can provide evidence
regarding how symbolic and embodied modes mutually influence one another.

A second example is the interaction between hearing and deaf agents. Sign language might be considered as a link
between embodied and symbolic processes as it involves both, symbolic language expressed via the speaker’s body.
Developmental psychology has shown that children’s success in false belief tasks relies on conversational experience and
awareness (for an overview, see Peterson & Siegal, 2000). Children show a better understanding of false beliefs if they
frequently exchange mental-state-terms in conversations with siblings and friends (e.g., Brown, Donelan-McCall, &
Dunn, 1996) or if they are regularly exposed to knowledgeable others of their culture (e.g., Lewis, Freeman, Kyriakidou,
Maridaki-Kassotaki, & Berridge, 1996). Selective deprivation of the access to conversation about others’ mental states due
to deafness leads to a delay in children’s performance on theory-of-mind tasks (Peterson & Siegal, 1995). This delay
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applies to deaf children from hearing families rather than deaf children from families in which sign language is the native
language (e.g., Peterson & Siegal, 1998). Woolfe, Want, and Siegal (2002) summarize ‘‘that the expression of a ToM is the
end result of social understanding mediated by early conversational experience’’ (p. 768). Thus, ToM abilities seem to rely
highly on symbolic processes that are transferred by a multifaceted oral or signing communication about mental states.
The lack of symbolic input leads to a delay in the development of ToM abilities. These findings help disentangle how
symbolic modes of processing change the nature of social interaction and understanding.

A final example is the development of the interaction between purely embodied peer agents and more symbolic peer
agents. How does the interaction between two same aged infants change when symbolic processes come into play. We
know that infants from early on are able to take turns while interacting with an adult (Trevarthen, 1979). Is this the same for
interaction with peers? Is there a transition from an embodied, movement-based taking turns to a symbolic taking turns in
language? Imitation is an early form of communication. Children (and adults) imitate the behavior of others more the more
others have previously imitated them, they are more likely to imitate models who are more similar to them, have positive
emotional properties, and have social power (for an overview, see Steenbeek & van Geert, 2007). And the amount of peer
imitation decreases with age (Abramovitch & Grusec, 1978). These findings suggest that children from early on have
highly differentiated embodied communication skills and that a transition from embodied to symbolic processes is
involved in the development of peer interaction. However, nothing is known so far regarding how the two interaction
processes are linked in development and how they develop at later ages.

Thus, each of the aforementioned examples provide important information regarding how embodied and symbolic
modes interact to produce social communication and interaction.

CONCLUSIONS

To conclude, we have shown that infants, from very early on, possess extensive social-cognitive skills that are acquired
through modes of embodiment. With the onset of a symbolic system for social interaction like language, children develop
a second mode of knowledge generation and processing. It is yet unclear how these two modes interact during
development, but as suggested above, future research on interactions between symbolic and non-symbolic agents can shed
light on this issue. Critically, the presence of a strong and bidirectional interrelation of the two systems may serve as an
extremely powerful engine in social cognitive development. Becoming a social agent can thus be seen as a highly
interactive process that starts at a very early age and research on early social-cognitive development is therefore of high
relevance for our understanding of social cognition in general.
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J>K� BFK� 2 VPQBJ � >IIQ>DPMPV@ELILDFP@EBO� * LKWBMQB� � W
 !

(KQBKQFLKBK� � 6 bKP@E B� � [ ?BOWBRDRKDBK� � � TBI@E BP� TFO� WRO

$OHI] ORKD� RKA� 5 LOE BOP>DB� BFDBKBO� RKA� COBJABO� ' >KAIRK�
DBK� EBO>KWFBEBK� � /OBJ>@H�� � 6 LLAORCC�� ����� 
� # FB� $KQ�
TF@HIRKD� ABO� % ] E FDHBFQ� � PF@E � PBI?PQ� RKA� >KABOBK� JBKQ>IB
9RPQ] KAB� WRWRP@E OBF?BK� � FPQ� PBFQ� ABK� � � BO� )>E OBK� BFK� WBK�
QO>IBO� & BDBKPQ>KA� ABO� BKQTF@HIRKDPMPV@ELILDFP@E BK� %LO�
P@ERKD�� PFBEB� 2 LAF>K� � � 3ELBOJBO�� ������ CbO� BFKBK�[ ?BO�
?IF@H� 
 � * FKABO� BKQTF@HBIK� FJ �  IQBO� WTFP@E BK� � � RKA� � � )>E OBK
BFK� BUMIFWFQBP� 5 BOPQ] KAKFP� CbO� ABK� H>RP>IBK� 9RP>JJBK�
E >KD� WTFP@E BK� JBKQ>IBK� 9RPQ] KABK� RKA� ' >KAIRKDBK
BFKBOPBFQP� >?BO� >R@E � CbO� ABK� HLKWBMQRBIIBK� 9RP>JJBK�
E >KD� WTFP@E BK� HLKKLQ>QFS BK� � 6 bKP@E B� � (KQBKQFLKBK� � RKA
BMFPQBJFP@E BK� � 6 FPPBK�� [ ?BOWBRDRKD�� JBKQ>IBK� 9RPQ] K�
ABK�>KABOBOPBFQP� � 6 BIIJ>K�� " OLPP� � � 6 >QPLK�� ����� 
�  ?
BFKBJ �  IQBO� S LK� BQT>� � � )>E OBK� S BOPQBE BK� * FKABO� B?BKC>IIP�
A>PP� BFKB� [ ?BOWBRDRKD� ?BWbDIF@E � BFKBP� 2 >@E S BOE >IQP� FK
ABO� 1B>IFQ] Q� OF@E QFD� LABO� C>IP@E � PBFK� RKA� PLJFQ� WR� BFKBO� WFBI�
CbE OBKABK� LABO� BFKBO� %BE IE >KAIRKD� CbE OBK� H>KK� � W
 !

6 FJJBO� � � /BOKBO� � � � � � � 


& IBF@E WBFQFD� BKQTF@HBIK� * FKABO� BFK� 5 BOPQ]KAKFP� CbO� S BO�
T>KAQB� HLKWBMQRBIIB� # FCCBOBKWFBORKDBK� TFB� ?BFPMFBIPTBFPB
WTFP@E BK� ABJ �  RPPBE BK� � 2 @E BFK� � RKA� ABO� OB>IBK� (ABKQFQ] Q
BFKBP� . ?GBHQBP� � %I>S BII� � %I>S BII� � � & OBBK� � � � � � � � � WTFP@E BK
DBWBFDQBO� � P@E BFK?>OBO� � RKA� DBCbE IQBO� � OB>IBO� � $JLQFLK
� 6 BIIJ>K� � � +FR� � � � � � � � RKA� WTFP@E BK� S BOP@E FBABKBK� !BL�
?>@E QRKDPMBOPMBHQFS BK� � %I>S BII� � $ S BOBQQ� � " OLCQ� � � %I>S BII�
����� 
� # >� A>P� 5 BOPQ] KAKFP� SLK�C>IP@EBK�[ ?BOWBRDRKDBK
BP� GBAL@E � BOJaDIF@E Q� � KF@E Q� WFBICbE OBKAB� ' >KAIRKDBK� WR
BOHI] OBK� ?WT
 � S LOE BOWRP>DBK� � TFOA� AFBPBP� 5 BOPQ] KAKFP� >IP
+>@HJRP� 3BPQ� CbO� AFB� % ] E FDHBFQ� WRO� 1BMO] PBKQ>QFLK� JBKQ>�
IBO� 9RPQ] KAB� >KDBPBEBK� � SDI
� 2 LAF>K�� ����� 
� 4 J �  RCD>�
?BK� WRJ � 5 BOPQ] KAKFP� C>IP@E BO� [ ?BOWBRDRKDBK� WR� ?BPQB�
E BK� � TFB� ?BFPMFBIPTBFPB� AFB� S LK� 6 FJJBO� RKA� /BOKBO� � � � � � �
BKQTF@HBIQB� , >UF�  RCD>?B� � � JRPP� A>P� * FKA� I>RQ� /BOKBO
� � � � � � � KF@E Q� KRO� WTBF� RKQBOP@E FBAIF@E B� 1BMO] PBKQ>QFL�
KBK� ABPPBI?BK� . ?GBHQP� LABO� 2 >@E S BOE >IQP� ?FIABK� RKA
S LKBFK>KABO� >?DOBKWBK� HaKKBK� � PBHRKA] OB� 1BMO] PBKQ>QF�
LKBK� � � PLKABOK� PF@E � >R@E � AFBPB� 1BMO] PBKQ>QFLKBK� >IP� PLI�
@E B� OBMO] PBKQFBOBK� HaKKBK� � , BQ>OBMO] PBKQ>QFLKBK� 
 � # FB
$ODB?KFPPB� BFKBO� , BQ>>K>IVPB� S LK� 6 BIIJ>K� BQ� >I
 � � � � � � �
ABRQBK� A>O>RC� E FK� � A>PP� BP� PF@E � ?BF� AFBPBJ � $KQTF@HIRKDP�
CLOQP@E OFQQ� RJ � BFK� OL?RPQBP� /E ] KLJBK� E >KABIQ� � A>P� RK>?�
E ] KDFD� S LK� HRIQROBIIBK� $FKCIbPPBK� PLTFB� S LK� ABK� RKQBO�
P@E FBAIF@E BK�  KCLOABORKDBK� ABO� S BOTBKABQBK� 3BPQ>RCD>�
?BK� WR� ?BL?>@E QBK� FPQ


 R@E � TBKK� * FKABO� BOPQ� FJ �  IQBO� S LK� RKDBC] E O� � � )>E OBK
$FKPF@EQ� FK�ABK�H>RP>IBK�9RP>JJBKE>KD�WTFP@EBK�[ ?BO�
WBRDRKDBK� RKA� 5 BOE >IQBK� WBFDBK� � PL� ABRQBQ� BFKB� 1BFE B� S LK
2 QRAFBK� A>O>RC� E FK� � A>PP� P@ELK� * IBFKHFKABO� AFB� 2 R?GBHQFS F�
Q] Q� RKA� & BOF@E QBQE BFQ� S LK� JBKQ>IBK� 9RPQ] KABK� TFB� 6 bK�
P@E BK� � $JLQFLKBK� RKA�  ?PF@E QBK� ?BF� ABO� (KQBOMOBQ>QFLK
JBKP@E IF@E BK� 5 BOE >IQBKP� ?BOb@HPF@E QFDBK
 � !BOBFQP� FJ �  I�
QBO� S LK� � � � , LK>QBK� RKQBOP@E BFABK� * FKABO� WTFP@E BK� BFDB�
KBK�RKA�COBJABK�6 bKP@EBK�� 1BM>@ELIF� � � & LMKFH�� �����
PLTFB� BFDBKBK�RKA�COBJABK�& BCbEIPWRPQ] KABK� � !FP@ELC�
* aEIBO�� ����� � RKA�PFKA�C] EFD�� A>P� 9FBI� BFKBO� ' >KAIRKD�WR
BOP@E IFBdBK� � TBKK� PFB� IBAFDIF@E � BFKB� %BE IE >KAIRKD� >KPQ>QQ
ABO� FKQBKAFBOQBK� S LIIPQ] KAFDBK� ' >KAIRKD� ?BL?>@E QBQ� E >�
?BK�� , BIQWLCC�� ����� � SDI
� >R@E� !BII>D>J?>� � � 3LJ>PBIIL�
����� 
� 6 BIIJ>K�RKA�+FR� � ����� � IFBCBOQBK�$ SFABKW� CbO� BFKB

� �



���% ObEHFKAIF@E BP� ' >KAIRKDPSBOPQ] KAKFP� RKA�3EBLOV� LC� , FKA

$OTBO?POBFE BKCLIDB� S LK� BFKBJ � KF@E Q� OBMO] PBKQ>QFLK>IBK
5 BOPQ] KAKFP� SLK�6 bKP@EBK�� $JLQFLKBK� RKA�(KQBKQFLKBK
E FK� WR� BFKBJ � FKCLOJ>QFLK>I� OBMO] PBKQ>QFLK>IBK� 5 BOPQ] KA�
KFP� S LK� 6 FPPBK� RKA� [ ?BOWBRDRKDBK
 � $FK� KF@E Q� OBMO] PBK�
Q>QFLK>IBP� 5 BOPQ] KAKFP� JBKQ>IBO� 9RPQ] KAB� ?BFKE >IQBQ� AFB
$OP@E IFBdRKD� ABP� 9RP>JJBKE >KDP� WTFP@E BK� ?BFPMFBIP�
TBFPB� (KQBKQFLKBK� RKA� ' >KAIRKDBK� >RCDORKA� ABP� 5 BO�
PQ] KAKFPPBP� ABO� 2 R?GBHQFS FQ] Q� RKA� & BOF@E QBQE BFQ� S LK� (KQBK�
QFLKBK
 � $FK� FKCLOJ>QFLK>I� OBMO] PBKQ>QFLK>IBP� 5 BOPQ] KAKFP
BMFPQBJFP@E BO� 9RPQ] KAB� TFB� [ ?BOWBRDRKDBK� E FKDBDBK� BO�
CLOABOQ� BFK� 5 BOPQ] KAKFP� ABP� 9RP>JJBKE >KDP� WTFP@E BK
(KCLOJ>QFLKPWRD>KD��JBKQ>IBO� 1BMO] PBKQ>QFLK�RKA�' >KA�
IRKDBK� � >IPL� >R@E � A>P� 5 BOPQ] KAKFP� S LK� [ ?BOWBRDRKDBK
>IP� JBKQ>IB� 1BMO] PBKQ>QFLKBK� BFKBP� 2 >@E S BOE >IQP� 
 � 4 KQBO
5 BOTBKARKD� JBQELAFP@E � S BODIBF@E ?>OBO�  RCD>?BKCLO�
J>QB� HLKKQBK� AFB�  RQLOBK� WBFDBK� � A>PP�  RCD>?BK� � AFB
BFK� FKCLOJ>QFLK>I� OBMO] PBKQ>QFLK>IBP� 5 BOPQ] KAKFP� JBKQ>�
IBO� 9RPQ] KAB� BOCLOABOK� � BFKBK� DOadBOBK� 2 @ETFBOFDHBFQPDO>A
>RCTFBPBK� � >IP�  RCD>?BK� � AFB� BFK� KF@E Q� OBMO] PBKQ>QFLK>IBP
5 BOPQ] KAKFP� CbO� BFKB� BOCLIDOBF@E B� +aPRKD� BOCLOABOK� � S DI

>R@E � /BQBOPLK� � 6 BIIJ>K� � � +FR� � � � � � � � 6 BIIJ>K� � %>KD� � +FR�
9E R� � � +FR� � � � � � � � CbO� BFKB� ABRQP@E B� [ ?BOPBQWRKD� ABO� PH>�
IFBOQBK� 3BPQ?>QQBOFB� PFBE B� ' LCBO� � �  P@E BOPIB?BK� � � � � � �
* OFPQBK� � 3ELBOJBO� � ' LCBO� �  P@E BOPIB?BK� � � 2 LAF>K� � � � � � � 


[ ?BO� AFB� , B@E >KFPJBK� � AFB� ABO� $KQTF@HIRKD� BFKBO� 3E B�
LOV� LC� , FKA�WRDORKAB� IFBDBK�� TBOABK�FJ � , LJBKQ� DIBF@E
JBE OBOB� # B?>QQBK� DBCbE OQ
 � $FKBOPBFQP� PQbQWBK� AFB� L?BK� DB�
K>KKQBK�!BCRKAB� AFB�  KK>EJ B� SLK�3EBLOFB� 3EBLOBQFHBOK
� W
 !
 � & LMKFH� � � 6 BIIJ>K� � � � � � � � � A>PP� AFBPBO� $KQTF@HIRKDP�
P@E OFQQ� FK� ABO� (KQBOMOBQ>QFLK� JBKP@E IF@E BO� ' >KAIRKDBK� >RC
BFKBJ � ?BDOFCCIF@EBK�6 >KABI� FJ � 5 BOPQ] KAKFP� ABP� & BFPQBP
?BOREQ�� >IPL�>RC� BFKBJ � 6 >KABI� FK�ABK�QEBLOBQFP@EBK�* LK�
WBMQBK�RKA�FEOBK�5 BOHKbMCRKDBK�� TBI@EB� * FKABO� SLJ � ?B�
L?>@E Q?>OBK� 5 BOE >IQBK� E BOIBFQBK
 �  KABOBOPBFQP� AB?>QQFB�
OBK� 3E BLOFB� 3E BLOBQFHBO� TBFQBOE FK� � L?� AFBPB� 3E BLOFB� ABP
& BFPQBP� JFQE FICB� >KDB?LOBKBO� � ALJ]KBKPMBWFCFP@E BO� , B�
@E >KFPJBK� BOTLO?BK� TFOA� � !>OLK� " LE BK� � � � � � � � +BPIFB�
%OFBAJ>K�� � & BOJ>K�� ����� � LABO� ?>PFBOBKA�>RC� $OC>EORK�
DBK� >K>ILD� WR� TFPPBKP@E >CQIF@E BK� 3E BLOFBK� HLKPQORFBOQ
TFOA�� & LMKFH�� � 6 BIIJ>K�� ����� 
� 2 L�TBOABK�I>RQ� !>OLK�
" LE BK� � � � � � � � CbO� JBKQ>IFPQFP@E B� (KQBOMOBQ>QFLKBK� OBIB�
S >KQB� ?BE >S FLO>IB� ' FKTBFPOBFWB� TFB� !IF@HOF@E QRKD� RKA� !B�
TBDRKDPJRPQBO� S LK� >KDB?LOBKBK� , LARIBK� PBIBHQFS � S BO�
>O?BFQBQ
 � +BPIFB� MLPQRIFBOQ� TBFQBOE FK� BFKBK� >KDB?LOBKBK�
ALJ]KBKPMBWFCFP@EBK�� KBROLHLDKFQFSBK�3EBLOV� LC� , FKA�
, B@E >KFPJRP� � TBI@E BO� PMBWFCFP@E � CbO� A>P� +BOKBK� b?BO� ABK
JBKQ>IBK� !BOBF@E � WRPQ] KAFD� FPQ� RKA� , BQ>OBMO] PBKQ>QFLKBK
DBKBOFBOQ� � W
 !
 � +BPIFB� BQ� >I
 � � � � � � � 
 � & LMKFH� RKA� 6 BIIJ>K
� � � � � � � DBE BK� A>DBDBK� S LK� >IIDBJBFKBK� HLDKFQFS BK� +BOK�
JB@E>KFPJBK�>RP�� TBI@EB� A>P� * FKA�WRO� ?BDOFCCIF@EBK�$O�
P@E IFBdRKD� ABP� JBKQ>IBK� !BOBF@E P� BFKPBQWQ
 �  K>ILD� WRO
* LKPQORHQFLK� TFPPBKP@E >CQIF@E BO� 3E BLOFBK� ?>PFBOBK� $KQ�
TF@HIRKDPP@E OFQQB� FJ � ?BDOFCCIF@E BK� 5 BOPQ] KAKFP� ABP� JBKQ>�
IBK� !BOBF@E P� >RC� BOC>E ORKDP?BAFKDQBK� 1BS FAFBORKDBK� ABO
HFKAIF@EBK� 3EBLOV� LC� , FKA


$FKB� TBFQBOB� WBKQO>IB� # B?>QQB� FK� ABO� +FQBO>QRO� BOaOQBOQ
AFB� , aDIF@EHBFQ� BFKBP� AFOBHQBK� 9RD>KDP� WR� BFDBKBK� JBK�
Q>IBK�  PMBHQBK� � & LIAJ>K� � � � � � � � ' >OOFP� � � � � � � � PLTFB� GBKBK
>KABOBO� /BOPLKBK� � # B� )>BDEBO� � � � � � � � & >II>DE BO� � � � � � � � 9>�

E >S F� � � � � � � 
 � $P� TFOA� E FBO� >IPL� AFB� >IIDBJBFKB�  KK>EJB� S LK
3EBLOFB� 3EBLOBQFHBOK�FK�%O>DB� DBPQBIIQ�� A>PP� TBABO� BFDBKB
JBKQ>IB� 9RPQ] KAB� KL@E � GBKB� >KABOBO� /BOPLKBK� AFOBHQ� BO�
C>E O?>O� PBFBK� RKA� PLJFQ� GBAB� 9RP@E OBF?RKD� JBKQ>IBO� 9R�
PQ] KAB� BFKB� m3EBLOFBj� BOCLOABOB
� (K� AFBPBJ � 9RP>JJBK�
E >KD� TFOA� B?BKC>IIP� AFB� 1LIIB� S LK� BUMIFWFQBK� � FKCBOBKWFBIIBK
� & LIAJ>K� � � � � � � � LABO� FJMIFWFQBK� � KF@E Q� FKCBOBKWFBIIBK� 2 FJR�
I>QFLKPMOLWBPPBK� � & >IIBPB� � * BVPBOP� � � 1FWWLI>QQF� � � � � � � � CbO
AFB� 6 >E OKBE JRKD� RKA� # BRQRKD� FKQO>MPV@ELILDFP@E BO
 PMBHQB� >KABOBO� /BOPLKBK� AFPHRQFBOQ
 � & LIAJ>K� � � � � � � � >O�
DRJBKQFBOQ� ?BFPMFBIPTBFPB� � A>PP� J>K� PBFKB� BFDBKB� DBDBK�
T] OQFDB� ' >KAIRKDPFKQBKQFLK� HBKKBK� H>KK� � LE KB� AFBPB� S LK
ABJ � BFDBKBK� ?BL?>@E Q?>OBK� 5 BOE >IQBK� LABO� S LK� ?BL?�
>@EQ?>OBK�4 JTBIQC>HQLOBK�EBOIBFQBK�WR�J bPPBK
�, BKQ>IB
9RPQ] KAB� BFKBO� >KABOBK� /BOPLK� TBOABK� A>KK� ?>PFBOBKA
>RC� BFKBO� ?BTRPPQBK� 2 FJRI>QFLK� ABO� 2 FQR>QFLK� AFBPBO� /BO�
PLK� FKCBOFBOQ� � A
 E 
 � ABO� BFDBKB� � ARO@E � AFB� 2 FJRI>QFLK� DBKB�
OFBOQB� JBKQ>IB� 9RPQ>KA� TFOA� ABO� >KABOBK� /BOPLK� WRDB�
P@E OFB?BK
 � & >IIBPB� BQ� >I
 � � � � � � � � MLPQRIFBOBK� A>E FKDBDBK�
A>PP� ?BL?>@E QBQB� 2 FQR>QFLKBK� BFKBO� >KABOBK� /BOPLK� FJMIF�
WFQ� JFQE FICB� BFKBP� >RC� 2 MFBDBIKBROLKBK� ?>PFBOBKABK� , B�
@E>KFPJRP� PFJRIFBOQ� TBOABK�RKA�TFO� PLJFQ� AFB� !BABRQRKD
ABO� ' >KAIRKDBK� RKA� $JLQFLKBK�>KABOBO� /BOPLKBK�AFOBHQ
S BOPQBE BK� HaKKBK� � LE KB� ?BTRPPQBP� P@E IRPPCLIDBOKABP
# BKHBK�BFKPBQWBK�WR� JbPPBK


6 BFQBOE FK� PQBIIBK� !BCRKAB� WR� BFKBJ � MO] AFHQFS BK� $FK�
CIRPP� >RC� 3E BLOV� LC� , FKA� % ] E FDHBFQBK� S LK� % ] E FDHBFQBK� WRO
' >KAIRKDPHLKQOLIIB� WRJ � BFKBK� � W
 !
 � " >OIPLK� � , >KABII� �
6 FIIF>JP� � � � � � � � PLTFB� PBJ>KQFP@EBO� RKA� DO>JJ>QFH>IFP@EBO
 PMBHQB� ABO� 2 MO>@EBKQTF@HIRKD�WRJ � >KABOBK� � W
 !
� +LE�
J>KK� � � 3LJ>PBIIL� � � � � � � � 1RCCJ>K� � 2 I>AB� � # BS FQQ� � � " OLTB�
����� � AFB�  KK>EJ B� BFKBO� ALJ]KBKPMBWFCFP@EBK�$KQTF@H�
IRKD� PLWF>I� HLDKFQFS BO� % ] E FDHBFQBK� FK� %O>DB
 � 2 @E IFBdIF@E
ABRQBK� GbKDPQB� !BCRKAB� S LK� !IF@HWBFQPQRAFBK� >RC� BFK� FJM�
IFWFQBP� 5 BOPQ] KAKFP� SLK�C>IP@EBK�[ ?BOWBRDRKDBK�FJ � WTBF�
QBK� +B?BKPG>E O� E FK� � . KFPE F� � � !>FII>ODBLK� � � � � � � � 2 LKD�
. KFPE F� � !>FII>ODBLK� � � %FPE BO� � � � � � � 
 � * OFQFP@E � >KWRJBOHBK
FPQ� FK� AFBPBJ � 9RP>JJBKE >KD� GBAL@E � � A>PP� FK� AFBPBK� 2 QRAF�
BK�>RPP@EIFBdIF@E� C>IP@EB� [ ?BOWBRDRKDBK�EFKPF@EQIF@E� ABP
. OQBP� RKQBOPR@E Q� TROABK� � BFKB� S LIIBKQTF@HBIQB� 3E BLOV� LC
, FKA� >?BO� A>P� 5 BOPQ] KAKFP� TBFQBOBO� JBKQ>IBO� * LKWBMQB
?BFKE >IQBQ
 � 6 BFQBOE FK� IFBCBOQBK� 2 LAF>K� RKA� 3ELBOJBO
� � � � � � � $ S FABKW� CbO� BFKB� >IQBOK>QFS B� S BOE >IQBKP?>PFBOQB� RKA
PFQR>QFLK>IB� (KQBOMOBQ>QFLK� � /BOKBO� � � 1RCCJ>K� � � � � � � � AFB�
PBO� !IF@HWBFQ?BCRKAB� � PFBEB� >R@E � 2 LAF>K� � � 3ELBOJBO� � � � � � �
CbO� BFKB� >RPCbEOIF@EB� # FPHRPPFLK�SLK�!BCRKABK�WRJ � 5 BO�
PQ] KAKFP� S LK� S FPRBIIBJ � (KCLOJ>QFLKPWRD>KD� RKA� ' >KA�
IRKDPSLOEBOP>DBK�FJ � WTBFQBK�+B?BKPG>EO� 


� � # 
  � � 	 � � � 
 
 �
� � � 	 � � � � � � 
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(K� ABO� BKQTF@HIRKDPMPV@ELILDFP@E BK� +FQBO>QRO� TBOABK
ABOWBFQ� SBOP@EFBABKB� CObEHFKAIF@EB� % ] EFDHBFQBK�>IP� JaDIF�
@E B� 5 LOI] RCBOHLJMBQBKWBK� BFKBO� 3E BLOV� LC� , FKA� AFPHR�
QFBOQ
 � ' FBOWR� DBE aOBK� FKP?BPLKABOB� A>P� 2 VJ?LIPMFBI� � +BP�
IFB� � � � � � � � S DI
 � GBAL@E � 2 LAF>K� � ' bIPHBK� � $?KBO� � � 3ELBOJBO�
� � � � � � � AFB� (JFQ>QFLK� � - FBIPBK� � � # FPP>K>V>HB� � � � � � � � � A>P

� �



���  KKB� ' BKKFKD�� , LOFQW� , 
� # >RJ � RKA�& FP>�  P@EBOPIB?BK

5 BOPQBE BK� AFS BODBKQBO� 6 bKP@E B� � 1BM>@ELIF� � � & LMKFH�
� � � � � � � A>P� 2 BI?PQBOHBKKBK� FJ � 2 MFBDBI� � +BTFP� � 2 RIIFS >K�
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JBKP@E IF@E B� & OBFC?BTBDRKDBK� >IP� WFBIDBOF@E QBQ� FKQBOMOB�
QFBOBK
 � (K� ABJ � JFQQIBOTBFIB� HI>PPFP@E BK� />O>AFDJ>� S LK
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PMFBIPTBFPB� !>FOA� RKA� !>IATFK� � � � � � � � WTBF� AFPQFKHQB
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Abstract

The present study applied a preferential looking paradigm to test whether 6- and 9-month old infants are able to infer the size
of a goal object from an actor’s grasping movement. The target object was a cup with the handle rotated either towards or away
from the actor. In two experiments, infants saw the video of an actor’s grasping movement towards an occluded target object.
The aperture size of the actor’s hand was varied as between-subjects factor. Subsequently, two final states of the grasping move-
ment were presented simultaneously with the occluder being removed. In Experiment 1, the expected final state showed the
actor’s hand holding a cup in a way that would be expected after the performed grasping movement. In the unexpected final
state, the actor’s hand held the cup at the side which would be unexpected after the performed grasping movement. Results
show that 6- as well as 9-month-olds looked longer at the unexpected than at the expected final state. Experiment 2 excluded
an alternative explanation of these findings, namely that the discrimination of the final states was due to geometrical familiarity
or novelty of the final states. These findings provide evidence that infants are able to infer the size of a goal object from the
aperture size of the actor’s hand during the grasp.

Introduction

The development of the ability to perceive and understand
actions as goal-directed has become more and more a
central issue in the field of social-cognitive development
in recent years. Major advances have been achieved not
only in infancyresearch (Aschersleben,Hofer&Jovanovic,
2008; Carpenter, Call & Tomasello, 2005; Hofer, Hauf &
Aschersleben, 2005; Woodward & Sommerville, 2000)
but also in research on human cognition per se (e.g.
Hommel, M!sseler, Aschersleben & Prinz, 2001).
Recent research suggests that the ability to understand

goal-directed actions and the intentions of an acting
personmight be aprecursorof a ‘theoryofmind’ in infancy
(Aschersleben et al., 2008; Wellman, Lopez-Duran,
LaBounty & Hamilton, 2007; Wellman, Phillips,
Dunphy-Lelii & LaLonde, 2004). Starting at the age of
6 months, infants become able to perceive and interpret
a human action as goal-directed (Legerstee, Barna &
DiAdamo, 2000; Woodward, 1998). To perceive an action
as goal-directed, it can be performed either by a human
agent (Hofer, Hauf & Aschersleben, 2007; Jovanovic,
Kir"ly, Elsner, Gergely, Prinz & Aschersleben, 2007;

Woodward, 1998) or by a non-human agent (Luo &
Baillargeon, 2005). In these studies, the presented action
was always geared towards a visible object, it was
completed and infants could perceive the achievement of
the goal of the action. Such an event shown was, for
example, an actor’s hand grasping one of two objects
(Woodward,1998),pushingtheobjecttoadifferentlocation
(Jovanovic et al., 2007), or an inanimate object moving
to and arriving at one of two objects (Luo & Baillargeon,
2005). Fewer studies have investigated the perception of
uncompleted goal-directed actions. In imitation studies,
15- and 18-month-olds were shown to infer an adult’s
intended act by watching failed attempts of the actor, in
which an intended goal was not fulfilled (S.C. Johnson,
Booth & O’Hearn, 2001; Meltzoff, 1995). In looking
time studies using inanimate objects, inference of goal-
directedness is already evident in 12-month-olds (Csibra,
Biro, Koos & Gergely, 2003). Based on these findings, it
might be interesting to ask if infants in their first year of
life are already able to infer the goal of an uncompleted
reaching action performed by a human agent.
In two recent studies, the perception of goal-directed

but uncompleted reaching actions was investigated in
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young infants using a preferential looking paradigm
(Daum, Prinz & Aschersleben, 2008) and an imitation
paradigm (Hamlin, Hallinan & Woodward, 2008). In
both studies, infants first saw the uncompleted reaching
action towards one of two objects and were then either
presented simultaneously with two final states of the
action (Daum et al., 2008) or reached towards the same
objects the actor was reaching to previously (Hamlin
et al., 2008). Both studies showed that already at the age
of 6 to 7 months, infants were able to encode the goal of
an action, which was not actually perceivable. However,
neither study ruled out the possibility that infants’
behavior was just based on a simple path extrapolation
strategy instead of goal inference. A further critical point
that applies not only to these two studies (Daum et al.,
2008; Hamlin et al., 2008) but to all other studies inves-
tigating the perception and encoding of goal-directed
behavior in young infants is that the goal objects were
always visible during the presentation of the action and
the test events. The differentiation between two final
states or the selection of an actionmight thereforebe based
on an actor–object relation without any inference about
goal-directedness (e.g. Buresh & Woodward, 2006).
The present study was designed to further investigate

infants’ perception and interpretation of goal-directed
but uncompleted manual actions. The design used in
previous studies was improved in the following respects:
First, we were interested in whether infants are able to
encode the actor’s selection of one of two target actions
towards the same object, and not whether infants are
able to encode the actor’s selection of one of two target
objects. As a consequence, only one target object was
used instead of two. And second, to exclude the possibility
that infants’ looking behavior is based on actor–object
relations instead of inference about goal-directedness,
the target object was not visible during the first part of
the grasping action. For this purpose, a perception task
was conducted in which an object-related grasping
movement1 was presented to the infants with an actor
either grasping with a large hand aperture size (as for a
large object) or grasping with a small hand aperture size
(as for a small object) with the target object not being
visible during the grasping movement (see Figure 1a). In
a preferential looking paradigm, we then tested whether
infants at the age of 6 and 9 months inferred that the
goal of an actor grasping with a large hand aperture size
is to grasp a large object whereas the goal of an actor
performing a grasp with a small hand aperture size is to
grasp a small object. Thus, we were interested in whether
infants are able to infer the size of the target object
based on the size of the hand opening during grasping.

Experiment 1

The purpose of Experiment 1 was to test whether 6- and
9-month-old infants are able to infer the size of a goal
object from an actor’s uncompleted grasping movement.
The stimulus presentation consisted of a video display of
an actor grasping towards a cup with the handle show-
ing either towards the actor or away from him. The actor
performed a grasp with either a large hand aperture size
or a small hand aperture size (see Figure 1a). The cup
was occluded during the first part of the grasping move-
ment and the actual achievement of the goal (the grasp)
was not presented to the infants. Subsequently, in a
preferential looking paradigm, the static images of two
final states of the grasping movement were presented
simultaneously on two separate monitors (forced choice
preferential looking paradigm, FPL). The expected final
state showed the actor’s hand holding the cup in a way
that would be expected based on the size of the hand
aperture during the observed grasping movement (for
details see Figure 1b and description below). In the
unexpected final state, the actor’s hand held the cup at

Figure 1 (a) Grasping movement with large (left panel) and
small (right panel) hand aperture size, (b) Final states of
Experiment 1, (c) Final states of Experiment 2.

1 Note that the goal-directed hand movements that were used as stimuli

actually consisted of a reaching component (movement towards the

target object) and a grasping component (actual grasping action). In

the following, for reasons of legibility, the term grasping movement is

used for the whole action.
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the side, which would be unexpected based on the size of
the hand aperture during the observed grasping move-
ment. Parallel presentation of the two final states was
preferred to successive presentation because when using
parallel presentation of two stimuli, infants have to rely
less on stored memories, but can directly compare the two
outcomes of an event. Moreover, the design of the study is
simplified and order does not have to be counterbalanced
(see also Daum et al., 2008).

Method

Participants

Thirty-two 6-month-old infants (19 girls, 13 boys; mean
age: 6 months; 5 days, range: 5;19–6;14) and 32 9-month-
olds (12 girls, 20 boys; mean age: 9;3, range: 8;17–9;15)
participated in Experiment 1. Seventeen additional
6-month-olds (ten girls, seven boys) were tested but not
included in the final sample due to distress or fussiness
(n ¼ 14), or technical problems (n ¼ 3). Twenty-three
additional 9-month-olds (16 girls, seven boys) were
tested but not included in the final sample due to distress
or fussiness. Infants’ names were obtained from public
birth records. The large number of infants tested was
intentionally chosen in order to compensate for apotential
bias that the position of the test stimuli might be con-
founded with an individual infant’s baseline preference.
Due to this number of tested infants, possible individual
baseline preferences are very likely to cancel each other
out.

Test environment, stimuli and apparatus

The laboratory was an unfurnished room except for the
test equipment. Infants were seated in a safety car seat
(Maxi Cosi Cabrio), which was brought to an upright
position by a wooden sub-construction.
The stimuli were presented on three monitors (Neovo

LCDDisplayX19AV) via threeDVDplayers (Cyberhome
CH-DVD462).Themonitorswerearranged inapyramidal
way, one monitor on the top, two monitors at the bottom.
The viewing distance between this experimental setup
and the children was 80 cm. At the beginning of the
experiment, on all three monitors the picture of a blue
curtain was presented for 10 s. Then, the attention of the
infant was drawn to each of the three monitors by pre-
senting a red animated and smiling face with a sounding
tone on each monitor successively, with the picture of
the blue curtain still being presented on the two other
monitors (order of sequence: upper monitor – lower left
monitor – lower right monitor). This sequence also
served as a calibration in the offline scoring of infants’
looking behavior. During stimulus presentation every
trial started with a fresh presentation of the attention
grabber on the upper monitor. Then, still on the upper
monitor, the two hands of a male adult (actor) were
presented both lying flat on a table. In front of the

actor’s hands, a grey occluder (21 cm · 29.5 cm) was
visible, 17 cm distance from the actor’s hands. After a
1.3 s still phase, the actor performed a one-handed
graspingmovementwith the right hand.Thehandopening
during the grasping movement varied as a between-
subjects condition. In the large aperture size condition,
the hand opening was wide as if the actor was grasping
for a large object (see Figure 1a, left panel). In the small
aperture size condition, the hand opening was small as if
the actor was grasping for a small object (see Figure 1a,
right panel). This grasping movement was presented
until the actor’s fingertips just reached the occluder (see
Figure 1a, both panels), then the video on the upper
monitor stopped. The duration of this first part of the
graspingmovement amounted to 0.7 s. As thiswas a rather
short time for the infant to acquire exact information
from the scene, the movement was followed by a fixed-
image of the final position of the grasping movement for
0.8 s. Then, the blue curtain was presented on the upper
monitor until the end of the trial. Subsequent to the end
of stimulus presentation on the upper monitor, the
freeze frames of two final states of the grasping move-
ment were presented simultaneously for 20 s on the two
lower monitors. Here, the occluder had been removed
and the actor’s hand holding a cup with the handle
pointing either towards the actor or away from him was
presented. In the expected final state, the actor’s hand
was holding the cup in a way that would be expected
based on the size of the hand aperture during the
observed grasping movement (i.e. holding the cup at the
handle after performing a grasp with a small hand
aperture size or holding the cup on the other side after
performing a grasp with a large hand aperture size, see
Figure 1b). In the unexpected final state, the actor’s
hand held the cup at the side, which would be unexpected
based on the size of the hand aperture during the
observed grasping movement (i.e. holding the cup at
the handle after performing a grasp with a large hand
aperture size or holding the cup on the other side after
performing a grasp with a small hand aperture size; see
Figure 1b). A total of six identical trials following the
described pattern were presented to the infants. The
following stimulus variations were counterbalanced
between subjects: Grasp size (large aperture size vs. small
aperture size), target color (green cup vs. red cup), and
position of expected and unexpected final state (expected
final state on the lower left monitor and unexpected final
state on the lower right monitor and vice versa). The
infant’s looking behavior was recorded using a small
camera (board camera, VK 1312), which was positioned
between the three monitors.

Procedure

Infants were tested in the laboratory at a time of day
when they were likely to be alert and in a good mood.
All infants were tested individually with one parent
present. Each participant and parent were first escorted
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to a reception room. For approximately 10 minutes
the infant was allowed to explore the room, while the
research assistant described the test procedure to the
parent. The infant and their parent were then brought to
the test room. The research assistant helped the parent
to position the infant in the safety car seat. During stimu-
lus presentation, the parent sat on a chair behind the
safety car seat. Parents were instructed not to interact
with their children during testing. They were encour-
aged, however, to put both hands symmetrically close to
the child if it appeared necessary to comfort the infant.
Once the infant and the parent seemed comfortable, the
research assistant left the room and the stimulus presen-
tation was started.

Data analysis

Looking times were coded from video by a trained
observer using the software INTERACT (Mangold
Software & Consulting GmbH, Arnstorf, Germany). A
total of three trials were analyzed per infant. The very
first trial of the sequence was not included in the analy-
sis to provide the infant with an introductory trial in
which an infant is able to get used to the two final states
of the action and to orient him- or herself to what is
actually presented in these test events. Of the remaining
five trials the first three trials were included in the data
analysis in which (a) the infant had attended to the first
part of the action sequence presented on the upper mon-
itor, (b) the infant did not show any signs of fussiness
during the presentation period of the two final states,
and (c) the parents did not interfere with the stimulus
presentation. The number of three trials was chosen for
the following reason. The presentation period of the two
final states was 20 s in which no action was presented to
the infants. This rather boring test phase caused quite a

bit of fussiness leading to a number of trials that could
not be included in the final sample. To avoid testing a
huge amount of infants in order to get all trials included
in the final sample, we decided to integrate three valid
trials, which was the number that the majority of infants
achieved. The decision whether a trial was included in
the final sample or not was made prior to the examination
of the participant’s data. One trained observer scored all
trials, and as a check on the reliability of scoring, a
second observer scored a random sample of 25% of the
participants. The correlation of agreement was r ¼ .97
for both the 6-month-olds and the 9-month-olds.

Results

For the main analyses, the total amount of looking time
on the three valid trials was calculated for all infants. A
preliminary analysis of variance with the between-
subjects factors sex, target color, hand aperture size during
the grasping movement, and position of expected and
unexpected final state yielded no significant main effect
on infants’ total looking time (all Fs < 1). For subsequent
analyses,datawerecollapsedacrossgroups.
The main findings of Experiment 1 are displayed in

Figure 2 (left panel). A 3 · 2 · 2 (Trial · Final State ·
Age) repeated measures ANOVA was performed on
infants’ mean looking times with trial and final state
(expected vs. unexpected) as within-subject factors and
age as between-subjects factor. Infants looked longer at
the unexpected final state than at the expected final state,
F(1, 62) ¼ 10.11, p< .01 (unexpected:M ¼ 7.38 s,SD ¼
3.14 s; expected: M ¼ 5.52 s, SD ¼ 2.44 s). This main
effect was independent of age, F < 1. There was a main
effectofage,F(1,62) ¼ 4.03,p<.05,withthe9-month-olds
looking longer at the two stimulus displays (expected +
unexpected final state; M ¼ 13.67 s, SD ¼ 2.73 s) than

Figure 2 Total amount of infants’ looking times over three consecutive trials from Experiment 1 and Experiment 2 (with standard
error bars).
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the 6-month-olds (M ¼ 12.13 s,SD ¼ 3.37 s).No further
main effect or interaction was significant (all ps > .19).
The main effect of final state was confirmed by a non-
parametric analysis: 41 infants looked longer at the
unexpected final state, and 23 infants looked longer at
the expected final state (Sign test, p < .05).
One might raise the concern that the initial sequence

of the attention grabber might have biased the infants to
look according to this ordering, thus, looking on the left
monitor first, then looking on the right monitor. In
order to test this, we additionally analyzed both where
the infants first looked during the first trial and during
the trials thatwere included in the final analysis.During the
first test trial, 35 of the infants first looked towards the
lower right monitor, 29 of the infants towards the lower
left monitor (one-way chi-square: v2(1,N ¼ 64) ¼ 0.56,
p ¼ .53). The looking times towards the left and right
monitorswerecomparedusingaone-wayANOVA.Infants
looked equally long at the two displays, F(1, 63) ¼ 2.03,
p ¼ .16 (left:M ¼ 6.01 s,SD ¼ 2.76 s; right:M ¼ 6.89 s,
SD ¼ 3.10 s).
One might further raise the concern that the features of

the final statesmightmediate looking times independently
of object inferences, and a baseline preference for one
stimulus could inflate the main effect of final-state con-
sistency despite counterbalancing. In order to test this,
we additionally analyzed the looking times to either final
state independent of their expectancy status by using a
one-way ANOVA. Infants’ looking times did not differ
significantly between the hand with the small aperture
size and the hand with the large aperture size, F(1, 63) ¼
2.48, p ¼ .12 (small aperture:M ¼ 6.94 s, SD ¼ 2.84 s;
large aperture: M ¼ 5.96 s, SD ¼ 3.01 s).

Discussion

In Experiment 1, infants aged 6 and 9 months looked
significantly longer at the final state of an object-related
human grasping action which was unexpected with
respect to the aperture size of the hand during the
previously presented grasping action. Thus, already at the
age of 6 months, infants seem to be able to infer the size
of a goal object from an actor’s grasping movement itself
without actually seeing the target object. However, before
we draw this conclusion we first have to rule out an alter-
native explanation of the results. Infants’ discrimination
between the expected and the unexpected final state could
be the result of a simple comparison of the geometrical
relations of the final position of the hand aperture size
during the grasping movement and the opening of the
hand in the final state. After a grasping movement with
a large hand aperture size, for example, the expected final
state would be the actor holding the cup at the large side.
However, the hand holding the cup at the large side is
geometrically more similar to the previously presented
end of the grasping movement than the hand holding
the cup at the handle. The longer looking times could,
therefore, be caused by this geometrical congruency and

not be due to an understanding of goal-directed actions.
This alternative explanation was tested in Experiment 2.

Experiment 2

In Experiment 2, 6- and 9-month-old infants were pre-
sented with the same object-related grasping movement
displayed in Experiment 1 but with different final states.
In these final states, the hand was placed in the same
position as in Experiment 1 but without the cup being
present (see Figure 1c). If geometrical congruency caused
the results obtained in Experiment 1, then infants
should exhibit the same looking behavior independent
of whether the cup is present or not.

Method

Participants

Thirty-two 6-month-old infants (12 girls, 20 boys; mean
age: 6 months; 4 days, range: 5;19–6;14) and 32 9-
month-olds (17 girls, 15 boys; mean age: 9;1, range:
8;21–9;14) participated in the experiment. Ten additional
6-month-olds (seven girls, three boys) were tested but not
included in the final sample due to distress or fussiness
(n ¼ 8) or interference by the parent (n ¼ 2). Seventeen
additional 9-month-olds (eight girls, nine boys) were
tested but not included in the final sample due to distress
or fussiness (n ¼ 14), interference by the parent (n ¼ 1)
or technical problems (n ¼ 2). Infants’ names were
obtained from public birth records.

Apparatus, procedure and data analysis

The same apparatus was used to generate the stimulus
display as in Experiment 1 except for the following
modifications. No target object (i.e. the cup) was present
during the presentation of the two final states. Care was
taken that the position of the hand was identical to the
stimulus presentation of Experiment 1 where the actor
held a real cup in his hand (see Figure 1). The procedure
and the analysis of looking times were identical to
Experiment 1. The correlation of agreement between the
two observers was r ¼ .97 for both the 6-month-olds and
the 9-month-olds.

Results

For the main analyses, the total amount of looking time
on the three valid trials was calculated for all infants. As
a preliminary analysis of variance yielded no significant
effects of the factors sex, hand aperture size during the
grasping movement, and position of the expected and
the unexpected final state (all p-values > .19), data were
collapsed across these factors for subsequent analyses.
The main findings obtained in Experiment 2 are

displayed in Figure 2 (right panel). A 3 · 2 · 2 (Trial ·
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Final State · Age) repeated measures ANOVA was
performed on infants’ mean looking times with trial and
final state (expected vs. unexpected2) as within-subject
factors, and age as a between-subjects factor. This
analysis yielded no significant main effect of expectancy
of display, F(1, 62) ¼ 1.89, p ¼ .17. There was no main
effect of age, F(1, 62) ¼ 2.41, p ¼ .13, but age interacted
marginally with expectancy of display, F(1, 62) ¼ 3.05,
p ¼ .09. Paired-sample t-tests indicated no difference in
looking times for the 6-month-olds (expected final state:
M ¼ 5.99s,SD ¼ 3.16s,unexpectedfinalstate:M ¼ 6.18s,
SD ¼ 2.40 s; t(31) ¼ 0.25,p ¼ .80),but the9-month-olds
looked reliably longer at the expected final state (expected
final state: M ¼ 6.26 s, SD ¼ 2.64 s, unexpected final
state: M ¼ 4.62 s, SD ¼ 2.39 s; t(31) ¼ 2.27, p < .05).
No further main effect or interaction was significant (all
ps > .13). The findings of the expectancy of display were
supported by a nonparametric analysis; overall, 39
infants looked longer at the expected final state (14 6-
month-olds, 25 9-month-olds) and 25 infants looked
longer at the unexpected final state (18 6-month-olds,
seven 9-month-olds) yielding a non-significant effect in
the overall Sign test, p ¼ .10, but a significant effect in
the 9-month-olds (p < .01; 6-month-olds: p ¼ .60).
This rather counterintuitive finding obtained in the

group of 9-month-olds was further investigated using a 2
· 2 (Final State x Grasp Size) repeated measures
ANOVA with the aperture size of the hand during the
prior grasping movement as a between-subjects factor.
This analysis yielded no significant interaction with final
state, F < 1.
Similar to Experiment 1, in order to test whether the

initial sequence of the attention grabber might have
biased infants’ looking behavior, we additionally analyzed
both where the infants first looked during the first trial
and during the trials that were included in the final
analysis. During the first test trial, 36 of the infants first
looked towards the lower right monitor, 28 of the infants
towards the lower left monitor (one-way chi-square:
v2(1,N ¼ 64) ¼ 1.00, p ¼ .38). The looking times towards
the left and right monitors were compared using a one-
way ANOVA. Infants looked equally long at the two
displays, F(1, 63) < 1 (left: M ¼ 6.01 s, SD ¼ 2.71 s;
right: M ¼ 5.52 s, SD ¼ 2.72 s).
And again, we analyzed the looking times to either

final state independent of their expectancy status by
using a one-way ANOVA. Infants’ looking times did not
differ significantly between the hand with the small
aperture size and the hand with the large aperture size,
F(1, 63) ¼ 3.70,p ¼ .06 (small:M ¼ 5.26 s,SD ¼ 2.58 s;
large: M ¼ 6.27 s, SD ¼ 2.78 s). Please note that if we
look at the (non-significant) differences between the final

states, discrepancies between the two experiments can be
found (a tendency to look longer towards the hand with
small aperture size in Experiment 1 and a tendency to
look longer towards the hand with large aperture size in
Experiment2).

Comparison of Experiments 1 and 2

Experiments 1 and 2 were additionally compared using
a 3 · 2 · 2 · 2 (Trial · Final State · Age · Experiment)
repeated measures ANOVA. This analysis yielded a
significant effect of Experiment, F(1, 124) ¼ 5.90, p < .05.
Infants’ overall looking times were longer in Exper-
iment 1 than in Experiment 2. Experiment interacted
significantly with age, F(1, 124) ¼ 6.26, p < .05, and this
difference was larger in 9-month-old than in 6-month-old
infants. A further analysis showed that the overall looking
time was equal for both experiments in 6-month-olds
(t < 1) and was less in Experiment 2 than in Experiment
1 in 9-month-olds, t(62) ¼ 3.89, p < .001. Experiment
further interacted with expectancy of display, F(1, 124)
¼ 10.83, p < .01, the difference between the looking
time toward the expected final state and the unexpected
final state was significant in Experiment 1 but not in
Experiment 2. No further interaction with Experiment
was significant (all ps > .09).

Discussion

The present results show that the findings obtained in
Experiment 1 cannot be explained by a simple geometrical
congruency strategy. When the grasping action was not
goal-directed towards an object but only ended with
different positions of the grasping hand, the 6-month-
olds did not discriminate between the two final states
and the 9-month-olds even looked longer at the expected
final state than at the unexpected, which is in contrast to
the original findings. The diverging results found in
Experiments 1 and 2 in the 6-month-olds cannot be
explained by differences in looking times and, therefore,
be a result of a different encoding of the scene as they
looked equally long in both experiments.
The reversed finding in the looking times of the 9-

month-olds compared to Experiment 1 is somewhat
more difficult to explain. It does not reflect the preference
for a grasping movement ending with a closed hand if
no target object is present (which would be a somewhat
‘natural’ endstate). Such a preference would have caused
longer looking times towards the large grasp final state
in both conditions causing an interaction of the factors
Grasp Size and Expectancy of Display, which was not
found in the statistical analysis of the results. The
preference for the ‘expected’ final state might reflect a
preference for similarity. As the action has no graspable
object as a goal, and thus no expected or unexpected final
state to discriminate, infants might prefer the display
which somehow resembles the hand aperture size during
the grasping movement.

2 The terms expected and unexpected final state were adopted from

Experiment 1 to facilitate the comparison of the two experiments as

the final states in Experiment 2 do not differ as clearly as in Experi-

ment 1 concerning their expectancy in terms of the goal-directedness.
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General discussion

In two experiments, infants’ ability to infer the size of a
goal object from an actor’s object-related but
uncompleted grasping movement was investigated using
a preferential looking paradigm. Six- and 9-month-old
infants first watched the video of an actor grasping
towards an occluded cup with either a large hand aperture
size or a small hand aperture size and subsequently saw an
expected and an unexpected final state of this grasping
action. Results from Experiment 1 showed that both
6- and 9-month-olds discriminated between the two final
states and looked reliably longer at the unexpected final
state than at the expected final state. Experiment 2
controlled for an alternative explanation of the findings
obtained in Experiment 1, that the difference in looking
times could be due to a simple strategy of geometrical
familiarity or novelty of the grasping movement and the
final state. In this experiment, no target object was pre-
sented. The 6-month-olds did not differentiate between the
two final states and the 9-month-olds even looked
longer at the expected final state.
One might argue that it is unclear how the presence

and the absence of the cup in the two experimental conditions
may have altered the perception of the final states
between the two experiments. The cup being present in
Experiment 1 may have provided some sort of reference
for analyzing the hand in Experiment 1 compared to
Experiment 2 where the attention of the infants may
have been altered due to the absence of the cup. Indeed,
removing the cup in Experiment 2 might have yielded a
different gist of the goal of the perceived action. In our
opinion, the different pattern of results between the two
experiments is a consequence of the different object
affordances. We try to illustrate this in the following: (a)
Hands are very salient and important ‘objects’ in the
infant’s world. Infants show an early understanding
of actions being performed by a human hand by
discriminating between an unexpected and an expected test
event (Woodward, 1998). However, if the same action is
performed by a hand that is covered with a glove or by
a mechanical claw then infants do not discriminate
between the test events (Guajardo & Woodward, 2004;
Jovanovic et al., 2007; Woodward, 1998). Thus the
presentation of an action performed by a human hand
is very salient and is probably processed differently than
an action performed by another agent. In our study we
used the presentation of a hand in both experiments,
thus the saliency and the underlying processes are likely
to be very similar. (b) The presentation of the grasping
action in the first part of each trial was identical in
both experiments. Infants consequently built the same
expectation about the continuation of the action in both
experiments. (c) The main purpose of Experiment 2 was
to test the alternative explanation of the findings of
Experiment 1, that is, that the findings may be based on
a geometrical congruency effect and not on an encoding
of the goal of an action. If this was the case, then the

same pattern of results would have occurred in Experiment
2 as in Experiment 1. The results of Experiment 2,
however, show that this is not the case and therefore
rule out the alternative explanation of the findings of
Experiment 1 that the differences in looking times are
based on a geometrical congruency effect. The presence
of a goal or target object seems to cause a differential
processing of the perceived action beyond comparing
geometrical congruencies.
The results of the present study therefore indicate that

infants, beginning at least at the age of 6 months, are
able to infer the size of a goal object from an actor’s
grasping movement even when the target object which is
grasped for is not visible during the action. The only
information available during the actor’s grasping
movement was the aperture size of the hand opening.
Thus, to encode the actor’s goal, infants have to infer the
size of the target object from the aperture size of his hand
during the grasping movement. These findings replicate
and extend findings obtained in previous studies indicating
(1) that 6-month-old infants are able to encode the goal
of an uncompleted reaching action geared towards one
of two target objects (Daum et al., 2008) and (2) that 7-
month-old infants understand unfulfilled grasps and
direct their own action at the goal (Hamlin et al., 2008).
Unlike in these studies, the target object was not visible
during the actor’s goal-directed movement in the present
study and, moreover, infants had to encode the actor’s
selection of one of two possible target actions towards
the same object. Thus, the results indicate that infants
are able to infer the size of the target object from the
aperture of the actor’s hand during the first part of the
grasping movement. The results cannot be based on a
simple path extrapolation strategy as this pattern of
results is dependent on the existence of a target object.
It is more likely that infants used the aperture size of the
hand to anticipatorily infer the goal of the action. This
goal anticipation creates an expectation about the size of
the grasped target and this expectancy is fulfilled in one
final state and is violated in the other final state.
One further and more speculative conclusion of the

present findings is that infants do not necessarily seem
to need to be able to perform an action in order to
understand the same action and to infer the goal of this
action. Infants start to adjust their hand aperture related
to the size of the target object beginning at the age of
9 months (von Hofsten & Rçnnqvist, 1988). Younger
infants at the age of 6 months do not yet show this
anticipatory control of their grasping movement.3 In the

3 The results of the present study have to be interpreted under one

important constraint. Von Hofsten and Rönnqvist (1988) weaken their

findings with the objection that at the age of 5–6 months, infants do not

predominantly use thumb and index finger in grasping objects (scissors

grasp) but the medial part of the hand and the palm (palmar grasp).

Monitoring the aperture between thumb and index finger might thus

not be the central property of a grasp at this age. Infants might already

adjust the aperture size of their hand during a palmar grasping
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present study, however, infants already discriminated at
the age of 6 months between the differently expected
final states of a grasping action. This result is in line with
several findings from studies showing that infants’
performance in a visual discrimination or perception
task is not necessarily based on their competence and
performance in a related action task. In studies on the
A-not-B-error task, 8-month-old infants succeed in a
visual discrimination task (Baillargeon & Graber, 1988),
while infants of the same age fail in an active searching
task (Diamond, 1985, but see also Bell & Adams, 1999).
Similarly, studies on solidity and continuity showed that
infants already succeed in a visual discrimination task at
the age of 3 months (Spelke, Breinlinger, Macomber &
Jacobson, 1992), while toddlers at the age of 2.5 years
failed in a similar search task (Berthier, DeBlois, Poirier,
Novak & Clifton, 2000). And, finally, in a study using a
perception and an action version of a means–end task,
6-month-olds were able to understand goal-directed
behavior in a perception task, which was independent of
their performance in the action task (Daum, Prinz &
Aschersleben, 2009; but see Sommerville & Woodward,
2005).
This conclusion has, however, to be drawn with great

caution. The comparison of the findings of infants’
performance on an object-related and goal-directed grasping
action (von Hofsten & Rçnnqvist, 1988) and the present
findings on the perception and interpretation of a similar
action performed by another person is still based on a
between-subjects comparison. For the present study, it
was just assumed that only the 9-month-olds are able to
adjust their hand in anticipation of an object, whereas
the group of 6-month-olds lacks this experience. However,
research on the development of prehension in infancy
has yielded inconsistent results on the exact age at which
different grasping skills emerge (e.g. Newell, Scully,
McDonald & Baillargeon, 1989; Siddiqui, 1995).
For future research it would therefore be very interesting

to directly compare infants’ grasping performance with
their perception and understanding of grasping
movements performed by another person in a within-subject
paradigm.
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Means-End Behavior in Young Infants:
The Interplay of Action Perception

and Action Production

Moritz M. Daum and Wolfgang Prinz
Department of Psychology

Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig,

Germany

Gisa Aschersleben
Department of Psychology

Saarland University, Saarbrücken, Germany

In 2 experiments, the interplay of action perception and action production was inves-

tigated in 6-month-old infants. In Experiment 1, infants received 2 versions of a

means-end task in counterbalanced order. In the action perception version, a prefer-

ential looking paradigm in which infants were shown an actor performing means-end

behavior with an expected and an unexpected outcome was used. In the action pro-

duction version, infants had to pull a cloth to receive a toy. In Experiment 2, infants’

ability to perform the action production task with a cloth was compared to their

ability to perform the action production task with a less flexible board. Finally, Ex-

periment 3 was designed to control for alternative low-level explanations of the dif-

ferences in the looking times toward the final states presented in Experiment 1

by only presenting the final states of the action perception task without showing the

initial action sequence. Results obtained in Experiment 1 showed that in the action

perception task, infants discriminated between the expected and the unexpected

outcome. This perceptual ability was independent of their actual competence in

executing means- end behavior in the action production task. Experiment 2 showed

no difference in 6-month-olds’ performance in the action production task depending
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on the properties of the support under the toy. Similarly, in Experiment 3, no differences

in looking times between the 2 final states were found. The findings are discussed in light

of theories on the development of action perception and action production.

The goal of this study was to investigate the interplay of action perception and ac-
tion production in 6-month-old infants. Understanding one’s own and others’ ac-
tions are two capacities that are intimately linked. In adults, the interplay of action
perception and production is extensively described in the theoretical framework of
the common coding principle (Prinz, 1990, 1997). According to this principle, the
perception of an action and the control of an action share a common representa-
tional ground where planned actions are represented in the same format as per-
ceived events. Perceived events can have an impact on planned and executed
actions (Brass, Bekkering, & Prinz, 2001; Brass, Bekkering, Wohlschläger, &
Prinz, 2000; Stürmer, Aschersleben, & Prinz, 2000) and, conversely, planned or
executed actions have an impact on the perception of an event (Hamilton, Wolpert,
& Frith, 2004; Miall et al., 2006; Repp & Knoblich, 2007; Schubö, Aschersleben,
& Prinz, 2001; Wühr & Müsseler, 2001).

In the field of developmental psychology, it is not yet clear how infants’ abili-
ties to understand others performing a certain action (e.g., as measured in an action
perception task using, for example, a violation-of-expectation paradigm) is related
to their abilities to produce the same action (e.g., measured in an action production
task like a search or means-end task). There is still disagreement as to whether this
interrelation is already in place in infancy, and regarding the developmental direc-
tion of this interrelation. An important question currently under discussion is
whether the understanding of oneself as an agent precedes the understanding of
others as agents or whether the developmental course is the reverse (see, e.g., Hauf
& Prinz, 2005). The common coding principle (Prinz, 1990, 1997) already intro-
duced accepts at least two potential alternatives on how action perception and ac-
tion production might be linked in development. The first alternative (action first
hypothesis), often described as the commonsense view of the development of ac-
tion understanding, is based on a Cartesian idea of consciousness or development.
It states that infants come to understand others’ actions based on an understanding
of their own actions and competence in producing them (Meltzoff, 2005; Moore &
Corkum, 1994). The second alternative (perception first hypothesis) suggests that
infants’ understanding of their own actions is based on the understanding of other
people’s actions (e.g., in imitation, Tomasello, Kruger, & Ratner, 1993) and that
infants are able to understand actions that they are not yet able to produce them-
selves.

Evidence for the action first hypothesis comes from constructivist theories based
on the work of Piaget (1929). In the sensorimotor stage during the first 2 years of life,
the infant or toddler constructs a representation of the world through self-motivated
interaction with the surrounding world (Butterworth, 1990; Langer, 1990, 1994;
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Piaget, 1952). This hypothesis received support from findings on the development
of infants’ manual skills, where infants increased their attention to auditory and vi-
sual properties of objects as this information becomes useful for guiding new actions
(Eppler, 1995). Further support for an action first hypothesis comes from the imita-
tion studies by Meltzoff and Moore (1983, 1997). They discovered that newborns
imitate facial acts and concluded “that imitation, and the neural machinery that un-
derlies it, begets an understanding of other minds” (Meltzoff, 2005, p. 56).

The perception first hypothesis received supporting evidence from neonativist
accounts (e.g., Leslie, 1988; Spelke, Breinlinger, Macomber, & Jacobson, 1992)
assuming that infants’ cognition is expressed in their perceptions before it is ex-
pressed in their actions. Therefore, infants’ understanding of their own actions
might be based on the understanding of other people’s actions. This has been
shown in a variety of studies from different domains of research. Studies on the
A-not-B error, for example, have shown that when tested in a search task,
8-month-old infants tend to search in the wrong location (Diamond, 1985). How-
ever, when tested in a looking time task, infants at the same age looked longer
when an actor’s hand retrieved a toy from an inconsistent position than from a
consistent one (Baillargeon & Graber, 1988). Similarly, a study of infants’ under-
standing of goal-directed actions showed that 6-month-old infants were able to
encode the goal of ipsilateral and contralateral reaching movements (Daum, Prinz,
& Aschersleben, 2008). The ability to perform contralateral reaching movements,
however, seems to develop at a later age (Bruner, 1969). Hofer, Hauf, and
Aschersleben (2005) showed that 9-month-old infants are able to interpret an ac-
tion performed by a mechanical device (a claw) as goal-directed if the infants were
shown that the device was operated by a human hand. However, at this age infants
are not yet able to intentionally use the claw as a tool. Bertenthal and Longo (2007)
showed similar results in an A-not-B error task. Finally, Hofstadter and Reznick
(1996) examined 7-, 9-, and 11-month-old infants’ search behavior for a hidden
object, measuring gaze and reaching behavior. They reported that infants were
more likely to find the hidden object when searching visually than manually.

However, very few studies have contrasted the perception and the production of
an action using within-subjects designs. Bell and Adams (1999), for example,
found comparable results in 8-month-olds’ looking and reaching performance in
an A-not-B error task. Pelphrey et al. (2004) tested 5.5- to 12.5-month-old infants
in four delayed-response procedures challenging short-term visuospatial memory
and found no differences between a manual and a visual search response. Like-
wise, Matthews, Ellis, and Nelson (1996) reported similar results from reaching
and looking versions of the A-not-B error task when longitudinally testing infants
from 7 to 15 months of age.

Except for the few studies just mentioned, most of the studies reported earlier
contrasted infants’ performance on an action perception task with infants’ or
toddlers’ performance on an action production task in a between-subject design.
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These studies were often run in different laboratories, and different age groups
were compared. The goal of this study was to investigate the interplay of action
perception and action production in a within-subjects design using a means-end
task. We chose a means-end action because it represents a slightly more difficult
task than a reaching action used in the A-not-B error tasks, as in a means-end task,
it has to be decided not “where to grasp,” but rather “how to manipulate” a means
to achieve an end, and thus, to select and apply a suitable action to achieve a
goal. In earlier studies on the perception and production of a means-end action,
Schlesinger and Langer (1999) as well as Sommerville and Woodward (2005a,
2005b) used means-end paradigms with a similar goal as in this study. In such
tasks, infants have to pull a support to retrieve a distant object placed on the sup-
port. At the age of around 6 months, infants start to realize that an object can be used
as a tool to procure another object, and this ability increases rapidly over the next
months (Menard, 2005; Munakata, McClelland, Johnson, & Siegler, 1997; Willatts,
1999). In a between-subject design, Schlesinger and Langer (1999) contrasted the
competence of 8- and 12-month-old infants to solve a means-end problem with their
ability to perceptually differentiate between possible and impossible means-end
events. In their Experiment 1 (action production task), the infants had to solve a
means-end problem where the toy was either placed on a cloth (possible event) or
next to the cloth (impossible event). Infants’ attempts to use the cloth to retrieve the
toy were measured. In their second experiment (action perception task), an age-
matched sample of infants was presented with a comparable series of possible and
impossible means-end events where a cloth was used to retrieve a toy. Here, infants’
looking times were measured. Their results showed that in the action perception
task, 12-month-old infants preferentially attended to the impossible event but
8-month-olds did not. However, in the action production task, the 8-month-old in-
fants were already able to solve the means-end problem. These findings were inter-
preted as supporting the hypothesis that infants’ causal actions develop before their
causal perceptions. In an extension of this work, Sommerville and Woodward
(2005b) further examined 10-month-olds’ perception and production of a means-
end sequence. In their Experiment 2, they tested infants in a habituation task and a
similar action task and found that infants who produced a high proportion of planful
solutions on the action task showed a greater tendency to view the sequence as hier-
archically organized. In a continuation of their own work, Sommerville and
Woodward (2005a) tested 10-month-olds in a perception as well as in a production
version of a means-end task in a within-subjects design. In the action perception
task, infants first were habituated to an agent pulling a support on which a toy was
placed (that thus moved with the support). Infants were then presented with two
types of test events: In the inconsistent test events, the toy was placed next to
the support and not supported, but nevertheless moved along with the support,
violating the expected physical principles. In the consistent test event, infants
viewed a physically possible relationship between the motion of the cloth and the
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motion of the toy. In the action production task, a toy was placed either on the cloth
(contact trials) or at the same distance from the infant next to the cloth (no-contact
trials). Infants’ implementation of planful solutions was coded as a function of the
location of the toy. Their results show that infants failed to demonstrate an under-
standing of the causal structure of a means-end task when a cloth was used as a
support, but they succeeded when a rectangular box was used. This pattern was
found in both the action perception and the action production task (Sommerville &
Woodward, 2005a). From these results, Sommerville and Woodward (2005a,
2005b) concluded that action perception and action production are intimately
linked and that that this link is in place by at least 10 months of age.

The results obtained in the studies by Schlesinger and Langer (1999) and
Sommerville and Woodward (2005a, 2005b) are somewhat contradictory. The re-
sults from the solid-box condition in the Sommerville and Woodward (2005a) study
are in line with developmental progress as suggested by the Schlesinger and Langer
study (1999). According to this, 8-month-olds are first able to perform a means-end
task (but do not show the corresponding perceptual abilities) and then, at the age of
10 months, infants are also able to understand the means-end task in the action per-
ception condition. However, the results from the cloth condition do not fit with these
results at all. Therefore, the aim of this study was to shed more light on the interplay
between infants’ ability to perceive and interpret means-end behavior performed by
another person and their ability to produce their own means-end behavior, and to an-
alyze the beginning of these abilities in development in a within-subjects design.

The experimental design of this study follows the general outline of Schlesinger
and Langer (1999) as well as Sommerville and Woodward (2005a, 2005b). In a
within-subjects design, infants were tested in both a perception and a production
version of a means-end task. As reported earlier, means-end abilities start to de-
velop at the age of 6 months. According to Willatts (1999), 31% of 6-month-olds
were able to pull a support to retrieve a toy (level of behavior: fully intentional) and
19% of infants did not manage to retrieve the toy at all (level of behavior:
nonintentional). This performance improves markedly over the next months; at the
age of 8 months, 69% of the infants already showed full intention and only 6% still
showed no intention. To contrast the ability to interpret the means-end behavior of
another person to an individual’s ability to perform means-end behavior, it is most
suitable to test 6-month-olds because at this age, the distribution of performance
levels is still more or less symmetrical, with a similar number of infants showing
intentional and nonintentional behavior. Moreover, at the same age, infants start to
successfully perceive means-end behavior (Baillargeon, DeVos, & Black, 1992,
cited in Baillargeon, 1993). Therefore, in Experiment 1, 6-month-old infants were
tested in both a perception and a production version of a simple means-end task.
Additionally, in Experiment 2, the influence of different support devices was ana-
lyzed in the action production task. Finally, in Experiment 3, possible alternative
explanations for the differences in the looking times in Experiment 1 were tested.
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EXPERIMENT 1

The action perception task was adapted from Baillargeon et al. (1992, cited in
Baillargeon, 1993). In their looking time task, 6.5-month-old infants realized
that pulling the near end of a support is sufficient to bring an object that is placed
on the far end of the support within reach but not an object that is placed next to
the far end of the support. In this study, we used a preferential-looking paradigm,
in which infants first saw an actor’s hand pulling a board on which an object was
placed and subsequently were presented with an expected and an unexpected
outcome of this event. The presentation of a board was preferred compared to a
felt cloth for the following reasons: First, the findings obtained by Sommerville
and Woodward (2005a) showed that infants are more sensitive to the causal
structure of a means-end sequence when a box is used than when a flat cloth is
used. Second, the side of a board could easily be marked with stripes, making the
motion of the board more obvious. Third, the use of a board makes the task more
comparable to the original task used by Baillargeon et al. (1992, as cited in
Baillargeon, 1993). The production action was adapted from the task used by
Willatts (1999) in which children had to pull a cloth to retrieve a toy. Following
Willatts, and to avoid transfer and learning effects from one condition to the
other, a cloth was used as support in the action production task. Additionally, to
avoid effects of the prior task on the latter, the order of presentation of the action
production task and the action perception task was counterbalanced between
participants.

Method

Participants

Sixty infants at an age of 6 months (20 girls, 40 boys; M age = 6 months; 2 days,
range = 5;17–6;15) participated in the study. Thirty-nine additional 6-month-olds
(22 girls, 17 boys) were tested but not included in the final sample because they did
not complete the action perception task (n = 32) or the action production task (n =
7) due to distress or fussiness (action perception task: n = 19; action production
task: n = 7), deflecting interference of their parents (action perception task: n = 10)
or technical problems (action perception task: n = 3).1 Infant details were obtained
from public birth records.
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1The high dropout rate in the perception task is comparable to prior studies using this paradigm

(Daum, Prinz, & Aschersleben, 2008; Daum, Vuori, Prinz, & Aschersleben, 2009). One possible and

most likely reason for this was that in the presentation period of the two final states, which lasted for 20

sec, no action was presented to the infants. This rather boring display most likely caused the high drop-

out rate.

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
M
a
x
-
P
l
a
n
c
k
-
I
n
s
t
i
t
u
t
e
 
f
o
r
 
H
u
m
a
n
 
C
o
g
n
i
t
i
v
e
 
&
 
B
r
a
i
n
 
S
c
i
e
n
c
e
]
 
A
t
:
 
1
6
:
1
5
 
1
9
 
N
o
v
e
m
b
e
r
 
2
0
0
9

!"$



Test Environment, Apparatus and Procedure

Both the action perception task and the action production task were conducted
in a test room that was unfurnished except for the test equipment. Infants were
tested at a time of day when they were likely to be alert and in a good mood. All in-
fants were tested individually with a parent present. Each participant and his or her
parent were first escorted to a reception room. The infant was allowed to explore
the reception room for approximately 10 min while the research assistant de-
scribed the test procedure to the parent. The infant and his or her parent were then
brought to the test room.

Action perception task. In the action perception task, infants were seated in
a safety car seat (Maxi Cosi Cabrio) that was brought into a rather upright position
by a wooden subconstruction (see Figure 1). The research assistant helped the par-
ent to position the infant in the seat. During stimulus presentation, the parent sat on
a chair behind the infant. Parents were instructed not to interact with their children
during testing. They were encouraged, however, to put both hands symmetrically
close to the child if it appeared necessary to comfort the infant. Once the infant and
the parent seemed comfortable, the research assistant left the room and the stimu-
lus presentation was started.

The stimuli were presented on three monitors (Neovo LCD Display X19AV)
via three DVD players (Cyberhome CH-DVD 462). The monitors were ar-
ranged in a pyramid, with one monitor on the top and two monitors on the
bottom (see Figure 1). The viewing distance between this experimental setup
and the children was 80 cm. At the beginning of the experiment, the picture of a
blue curtain (as it covered the wall of the laboratory) was presented on all three
monitors for 10 sec. Then, the attention of the infant was drawn to each of the
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FIGURE 1 Experimental setup: Left panel: pyramid arrangement of the three monitors

(A, B, and C). Right panel: Subconstruction to tilt the car seat into a rather upright position and

position of the camera.
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three monitors by successively presenting a red, animated, smiling face with a
tone sounding (order of sequence: upper monitor [A]—lower left monitor
[B]—lower right monitor [C]). This sequence also served as a calibration in the
offline scoring of infants’ looking behavior. During the presentation of this
“attention grabber” on one monitor, the picture of the blue curtain was still pre-
sented on the other two monitors. Following the initial sequence of attention
grabbing, stimulus presentation began. Still pictures taken from the video se-
quence presented on Monitor A are presented in Figure 2. These pictures are
exact copies of the video sequence presented to the infants. Every trial started
with a fresh presentation of the attention grabber on Monitor A. Then, still on
Monitor A, a multicolored wooden tower (base diameter = 8 cm, height = 13
cm) was presented standing in front of a blue board on a black table. The board
consisted of a blue surface, and had blue and white stripes on the visible front
side (see Figure 2) and a wooden handle at its right end. In this initial scene,
only half of the board was visible, the other half being outside the visible scene
(see Figure 2). After 1 sec, the hand of an adult actor appeared from the right
side of the screen, grasped the wooden tower, and put it on the board close to
the edge of the screen opposite the actor. Then, the actor grasped the handle of
the board and the scene was covered with a curtain coming from above so only
the actor’s arm was visible. The curtain was lowered until it almost rested on
the board and the toy was no longer visible underneath. Finally, the actor pulled
the board toward himself, with the wooden tower not yet visible behind the cur-
tain. During this motion the curtain did not move with the board but remained
stationary. It is important to note that the far end of the board became visible
only at the very end of the pulling sequence. This now visible end of the board
could potentially have been used by the infants as a reference point. Then the
video on Monitor A was cut and a picture of the blue curtain was presented
there until the end of the trial. Subsequent to the end of the presentation on
Monitor A, stimulus presentation continued simultaneously on the two lower
monitors (B and C): The curtain that covered a part of the scene was lifted and
two final states of the action were presented simultaneously for 20 sec. In the
expected final state, the wooden tower was at a position where one would
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FIGURE 2 Still pictures of the stimulus presentation on Monitor A. An actor’s hand takes a

wooden tower and puts it on the far end of the board. The actor then grasps the handle of the

board, the scene is covered with a curtain, and the actor pulls the board toward himself.
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expect it to be after being pulled on the board for a certain distance. In the unex-
pected final state, the wooden tower was at the same place at which the actor had
put it in the beginning of the trial (with respect to its relation to the monitor), with
no change of position due to the pulling of the board (see Figure 3). The parallel
presentation of the two final states was preferred to successive presentation
because, when using parallel presentation of two stimuli, infants have to rely
less on stored memories, but can directly compare the two outcomes of the previ-
ously perceived event. Moreover, the design of the study is simplified and order
does not have to be counterbalanced (see also Daum et al., 2008).

Six trials following the described pattern were presented to the infants. The
position of the expected and the unexpected final state was varied between partici-
pants. For half of the participants, the expected final state was presented on the
lower left Monitor B, and for half of the participants on the lower right Monitor C.
The infants’ looking behavior toward the expected and the unexpected final state
was recorded using a small camera (board camera, VK 1312), which was posi-
tioned between the three monitors (see Figure 1).

The side view of the scene was preferred over the use of a frontal view or the
egocentric view of the scene for the following reasons. First, the side view was
used in the task by Baillargeon et al. (1992, as cited in Baillargeon, 1993). To keep
the task as similar to this as possible, we also used this perspective. Second, the
motion of the board is most salient when presented from a side view with the addi-
tional stripes added on the side of the board. Third, research on action perception
from different perspectives has repeatedly shown an advantage for the third-
person perspective over the first-person perspective in adults (Lozano, Martin
Hard, & Tversky, 2006) as well as in infants (Daum et al., 2008).

Action production task. Stimuli and procedure of the action production task
were adapted from the task conducted by Willatts (1999). The action production
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FIGURE 3 Illustrations of the unexpected final state (left panel) and expected final state

(right panel) presented on Monitors B and C (counterbalanced between participants).
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task was presented on a table with a smooth wooden surface. The support object
was a felt cloth (24 cm wide, 37 cm long). The goal object was selected from an
assortment of three toys (squeaking yellow rubber duck, squeaking green rubber
frog, and blue wooden cube with a small bell in it). Each infant sat on his or her
parent’s lap at the table, with the experimenter sitting on the opposite side of the
table. The infants first received two pretrials that served to familiarize them with
the material and the procedure. In the first pretrial, the experimenter presented the
felt cloth, placed it flat on the table, moved it to and fro, and handed it to the infant,
who could examine it for 30 sec. In the second pretrial, the experimenter presented
the rubber duck to the infant, squeezed it, and handed it to the infant for examina-
tion for 30 sec. If the infant did not grasp the rubber duck, the rubber frog or the
wooden cube was presented in a similar way.

In the test trials, the cloth was placed flat on the table but out of the infant’s
reach. The experimenter showed the chosen toy to the infant to capture his or her
attention, and placed it at the far end of the cloth. Then the cloth was pushed for-
ward until the near end was within reaching distance of the infant but the toy was
not. Trials started when the infant first made contact with the cloth, or if the infant
did not touch it, when the cloth was within the infant’s reach. Trials ended after 30
sec or sooner if the infant grasped the toy, the toy fell off the table, or the toy fell off
the cloth and was not within the infant’s reach. After each trial the infant could
play with the toy for another 10 sec regardless of whether he or she succeeded in
grasping the toy or not. A total of seven trials were presented and recorded on
videotape using two dome cameras (Panasonic WVCS-850). One camera was
positioned opposite the infant, recording a frontal view of the infant sitting on his
or her parent’s lap. A second camera recorded the lateral view of the infant.

Data Analysis

Action perception task. Looking times were coded from video by a trained
observer using the software INTERACT (Mangold Software & Consulting GmbH,
Arnstorf, Germany). The observer was blind to the location of the unexpected and
the expected final state. A total of three trials were analyzed per infant. The very
first trial of the sequence was not included in the analysis to provide the infant with
an introductory trial in which he or she could get used to the two final states of the
action and could orient himself or herself to what was actually presented in these
test events (see also Daum, Vuori, Prinz, & Aschersleben, 2009). Of the remaining
five trials, the first three trials in which (a) the infant had perceived the full length
of the first part of the action presented on the upper Monitor A, (b) the infant did
not show severe signs of fussiness during the presentation period of the two final
states, and (c) the parents did not interfere with the stimulus presentation were
included in the data analysis. The total of three trials was chosen for the following
reason. The presentation period of the two final states was 20 sec in which no
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action was presented to the infants. This rather boring test phase caused a great
deal of fussiness, leading to a number of trials that could not be included in the
final sample. To avoid testing a large number of infants to get all trials included in
the final sample, we decided to integrate three valid trials, as this was a number that
the majority of infants achieved. The decision of whether a trial was included in
the final sample was made prior to the examination of the participant’s data. One
observer scored all trials, and, as a check on the reliability of scoring, a second
observer scored a random sample of 25% of all participants. The agreement for the
amount of looking time toward each of the two lower monitors (B and C) was 92%.

Action production task. Infants’ responses were coded based on the scheme
provided by Willatts (1999), which uses a combination of three criteria (visual fix-
ation on the toy, the behavior with the cloth, and the behavior with the toy) to
classify the infants’ behavior to be (a) nonplanful, (b) partially planful, or (c) fully
planful. In this study, we use the term planful instead of the term intentional as
used by Willatts. Each behavior was scored on a 3-point scale ranging from 0 (no

evidence of planful behavior) to 1 (behavior that was ambiguous and/or partially

planful), to 2 (fully planful behavior). A brief description of the coding scheme is
provided next. For a more detailed description see Willatts (1999).

Visual fixation on the toy was scored until the infant’s first contact with the toy
or until the end of the trial if the toy was not touched. Visual fixation was
categorized as (a) nonplanful if the infant looked away from the toy for more than 2
sec, (b) partially planful if the infant looked away from the toy for less than 2 sec,
and (c) fully planful if the infant continuously looked at the toy.

Behavior with the cloth was scored until the toy was first touched or until the
trial ended if the toy was not touched. Behavior with the cloth was categorized as
nonplanful if the infant failed to bring the toy within reach or engaged in any play
or exploratory behavior. Behavior with the cloth was categorized as partially
planful if the infant pulled the cloth without any play or exploratory behavior and
brought the toy within reach, but either began a play or exploratory activity or
released the cloth for more than 1 sec. Finally, behavior with the cloth was
categorized as fully planful if the infant pulled the cloth, brought the toy within
reach, and did not engage in exploratory or play behavior.

Behavior with the toy was categorized as (a) nonplanful if the infant failed to
contact the toy or only touched it without attempting to grasp it, (b) partially
planful if the infant attempted to grasp the toy but failed to pick it up, and (c) fully
planful if the infant grasped the toy and picked it up.

The overall level of behavior of each trial was calculated from the distribution
of the scores of the three respective behaviors. We identified three levels of
behavior: (a) nonplanful behavior, defined by 0 scores on each behavior; (b) par-
tially planful behavior, defined by scores of 1 or 2 on one or two behaviors but not
on all three; and (c) fully planful behavior, defined by evidence for planful
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behavior (scores 1 or 2) on all three behaviors. In a next step, the infants’ produc-
tion score was determined in two ways. First, as in Willatts (1999), the infants’
dominant behavior was determined as the level produced on the majority of trials.
If no single dominant level could be identified, the dominant behavior was identi-
fied as each of the levels that occurred equally often. Second, an overall score of
every infant’s performance was calculated. An infant’s overall score was deter-
mined by calculating the mean of the determined behaviors (i.e., nonplanful,
partially planful, and fully planful) on the performed trials. This second production
score was calculated to achieve a larger variance in the infants’ data. The dominant
behavior only resulted in discrete scores of 0, 1, or 2. The overall score resulted in a
more fine-grained distribution of behavior.

As in the action perception task, the first trial of every participant was excluded
from analysis, and only Trials 2 through 7 were analyzed. Infants’ data were in-
cluded in the final data analysis if a minimum of five trials were valid. Again, one
observer scored all trials, and, as a check of the reliability of scoring, a second
observer scored a random sample of 25% of all participants. The percentage of
agreement was 92% for visual fixation, 86% for cloth behavior, 96% for toy
behavior, and 94% for the overall level of behavior.

Results

Action Perception Task

For the main analyses, the total amount of looking time on the three respective
trials was calculated for all infants. A preliminary analysis of variance (ANOVA)
with the between-subject factors sex, order of presentation, and position of
expected and unexpected final state yielded no significant effects (all p values >
.14). For subsequent analyses, data were collapsed across groups. As the action
perception task is very closely related to the perception task of Baillargeon et al.
(1992, cited in Baillargeon, 1993), we expected longer looking times toward the
unexpected final state than toward the expected final state. Therefore, one-tailed
comparisons were used in the statistical analyses comparing the looking times.

Overall, and in line with the findings of Baillargeon et al. (1992, cited in
Baillargeon, 1993), infants looked significantly longer toward the unexpected fi-
nal state (M = 21.11 sec, SD = 9.12) than toward the expected final state (M =
15.91, SD = 8.45), t(59) = 2.99, p = .004 (one-tailed), Cohen’s d = .59. This finding
was confirmed by a nonparametric analysis: 40 infants looked longer at the unex-
pected final state, and 20 infants looked longer at the expected final state (Sign test,
p = .007, one-tailed).

To test the possible presence of a side bias, that infants tended to look more
toward either the left or the right monitor, a t test was conducted that showed that
infants looked equally long toward the left Monitor B (M = 19.95 sec, SD = 9.19)
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and the right Monitor C (M = 17.28 sec, SD = 9.15), t(59) = 1.45, p = .08
(one-tailed), Cohen’s d = .29.

Action Production Task

The overall distribution of behavior shows a very similar distribution of
behavior as in the original study (Willatts, 1999, Figure 1, p. 655). Nonplanful
behavior was shown in 26.1% of the trials, partially planful behavior was shown in
47.4% of the trials, and fully planful behavior was shown in 26.4% of the trials. A
chi-square test performed on the distribution of the three behavior classifications
showed no difference between the results obtained by Willatts (1999) and the
results of this study, χ2(2, N = 512) = 1.30, p = .52.

Further, an overall score of every infant’s performance was calculated. On
every trial, each infant was classified as acting either nonplanfully (0), partially
planfully (1), or fully planfully (2). The overall score was determined by calculat-
ing the mean of the performed trials (M = 0.99, SD = 0.58). The correlation of the
two production scores (dominant behavior vs. overall score) was high, rpb = .83,
p < .001.

Interrelation Between Action Perception Task and Action
Production Task

In the next step, the looking time data were analyzed according to the respective
action performance. For this purpose, the mean score of each infant’s individual
performance in the action production task was calculated from the three criteria
analyzed (see earlier). Using a median split, the infants were then assigned to
either a group of more planful performers (individual score above median, n = 30)
or a group of less planful performers (individual score below median, n = 30).

The infants’ looking times were analyzed using a 2×2 ANOVA, with produc-
tion score (more planful behavior or less planful behavior) as a between-subject
factor and final state (expected vs. unexpected) as a within-subjects factor. There
was a significant main effect of final state, F(1, 58) = 8.77, p = .004, η2 = .13, indi-
cating that infants looked significantly longer at the unexpected than at the
expected final state. There was no main effect of the production score, F < 1 (see
Figure 4). The interaction of the two factors was not significant, F < 1.

The use of the median split can be criticized in this data analysis. Willatts
(1999) used three subgroups to categorize infants’ means-end behavior (not
planful, partially planful, fully planful). In 6-month-olds, the group of infants
categorized as showing partially planful behavior is the largest (47.5%). In this
analysis, this group has been split into two parts and, due to the fact that these in-
fants already show partially planful behavior, the mean looking behavior might
have interfered with their increased performance on the action production task. For
this purpose, looking times of the infants who showed no planful behavior at all (n

MEANS-END BEHAVIOR IN YOUNG INFANTS 625

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
M
a
x
-
P
l
a
n
c
k
-
I
n
s
t
i
t
u
t
e
 
f
o
r
 
H
u
m
a
n
 
C
o
g
n
i
t
i
v
e
 
&
 
B
r
a
i
n
 
S
c
i
e
n
c
e
]
 
A
t
:
 
1
6
:
1
5
 
1
9
 
N
o
v
e
m
b
e
r
 
2
0
0
9

!#!



= 14) were also analyzed separately. Results indicate that infants in this small
group also looked longer at the unexpected final state (M = 22.26 sec, SD = 9.42
sec) than at the expected final state (M = 15.16 sec, SD = 9.19 sec), t(13) = 1.81, p =
.047 (one-tailed), Cohen’s d = .76. A nonparametric analysis yielded no significant
result: 9 infants looked longer at the unexpected final state, and 5 infants looked
longer at the expected final state (Sign test, p = .21, one-tailed). However, the
small sample size in this analysis conceals the tendency that almost two thirds
(64.3%) of the infants in this subgroup looked longer at the unexpected final state
compared to one third of the infants who looked longer at the expected final state.

Another possible way of looking at the data is to categorize infants not accord-
ing to their behavior in the action production task, but according to their behavior
in the action perception task. For this purpose, infants were categorized according
to their looking behavior into infants who looked longer at the unexpected final
state (n = 40) and infants who looked longer at the expected final state (n = 20).
The production scores of these two groups were compared using an independent
samples t test. This analysis yielded no difference between the infants who did dis-
criminate and those who did not, t(58) = 0.96, p = .34 (two-tailed), Cohen’s d = .25.
The production score was independent of infants’ performance on the action
perception task.

Finally, we grouped the infants according to their performance on the action
perception task and the action production task (see Table 1). The most interesting
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FIGURE 4 Infants’ overall looking times in the action perception task as a function of their

competence shown in the action production task (with standard error bars).

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
M
a
x
-
P
l
a
n
c
k
-
I
n
s
t
i
t
u
t
e
 
f
o
r
 
H
u
m
a
n
 
C
o
g
n
i
t
i
v
e
 
&
 
B
r
a
i
n
 
S
c
i
e
n
c
e
]
 
A
t
:
 
1
6
:
1
5
 
1
9
 
N
o
v
e
m
b
e
r
 
2
0
0
9

!#"



* 53 6(80954 09 :/ , 54, ) , := , , 4 04-(4:9 = / 5 = , 8, ( ) 2, :5 6, 8-583 :/ , ( * :054
685+; * :054 :(91 ) ; : 45: :/ , ( * :054 6, 8* , 6:054 :(91 � � G� � (4+ :/ , 04-(4:9= / 5 = , 8,
( ) 2, :5 6, 8-583 :/ , ( * :054 6, 8* , 6:054 :(91 ) ; : 45: :/ , ( * :054 685+; * :054 :(91 � � G
� � � 	 � * / 0� 97; (8, :, 9: 9/ 5= , + :/ ( : :/ 09 +0--, 8, 4* , = (9 90. 40-0* (4: χ
 � � � = G
 � � G
� 	 � � � � F� 	 � � 	

� -5' 755-21

%/ , 8, 9; 2:95) :(04, + 04 :/ , ( * :054 6, 8* , 6:054 :(91 (8, 04 204, = 0:/ :/ 59, 8, 658:, + ) ?
� (022(8. , 54 , : (2	 � � � � 
 � � = / 5 -5; 4+ :/ ( : � 	 � � 3 54:/ � 52+ 04-(4:98, (20@, + :/ ( : 6; 22�
04. :/ , 4, (8, 4+ 5- ( 9; 6658: 099; --0* 0, 4: :5 ) 804. (4 5) T, * : :/ ( : 0962( * , + 54 :/ , -(8
, 4+5- :/ , 9; 6658: = 0:/ 04 8, ( * / ) ; : 45: (4 5) T, * : :/ ( : 0962( * , +4, >: :5 :/ , -(8, 4+5-
:/ , 9; 6658:	 � 4 5; 89:; +?� � � 3 54:/ � 52+ 04-(4:9 +, 3 549:8( :, + (4 ; 4+, 89:(4+04. 5-
:/ , -( * : :/ ( : 6; 2204. ( 9; 6658: 2, (+9 :5 ( 8, 2( :0<, +0962( * , 3 , 4: 5- (4 5) T, * : 62( * , +
54 :/ , 9; 6658:	 $ 03 02(82?� :/ , 8, 9; 2:95) :(04, + 04 :/ , ( * :054 685+; * :054 :(91 , >( * :2?
8, 620* ( :, :/ 59, 8, 658:, + ) ? & 022( ::9 � � � � � � 	 � ) 5; : 54, -5; 8:/ 5- :/ , 04-(4:99/ 5= , +
62(4-; 25845462(4-; 2) , / (<058� 8, 96, * :0<, 2?� (4+ ( ) 5; : / (2- 5- :/ , 04-(4:99/ 5= , +
6(8:0(22? 62(4-; 2 ) , / (<058	 %/ ; 9� (9 , >6, * :, +� :/ , +09:80) ; :054 5- 6, 8-583 (4* ,
2, <, 29 = (9 3 58, 58 2, 99 9?3 3 , :80* (2� = 0:/ ( 903 02(8 4; 3 ) , 8 5- 04-(4:9 9/ 5= 04.
62(4-; 2(4+ 45462(4-; 2) , / (<058	 %/ 09 <(80( :054 5- 6, 8-583 (4* , 685<0+, 9 (4 03 �
658:(4: 68, * 54+0:054 -58:/ , (4(2?9095- :/ , 04:, 862(? 5- 6, 8* , 6:054 (4+ 685+; * :054
5-� 3 , (49� , 4+� ) , / (<058	

%5 (4(2?@, :/ , 04:, 862(? 5- :/ , 9, := 5 ( ) 020:0, 9� :/ , 04-(4:9= , 8, * 2(990-0, + 04:5 (
. 85; 6 5- 3 58, 62(4-; 2(4+ ( . 85; 6 5- 2, 99 62(4-; 26, 8-583 , 89 ( * * 58+04. :5 :/ , 08
6, 8-583 (4* , 04 :/ , ( * :054 685+; * :054 :(91	 %/ , 255104. ) , / (<058 5- :/ , 9, := 5
. 85; 69= (9(4(2?@, +9, 6(8( :, 2? (4+9/ 5= , + :/ ( : ) 5:/ :/ , 3 58, 62(4-; 2(4+ :/ , 2, 99
62(4-; 26, 8-583 , 89 2551, + 90. 40-0* (4:2? 254. , 8 ( : :/ , ; 4, >6, * :, + :/ (4 ( : :/ , , >�
6, * :, + -04(29:( :, 	 � -; 8:/ , 8(4(2?90904 = / 0* / 04-(4:9= , 8, +0<0+, + 04:5 := 5 . 85; 69
( * * 58+04. :5 :/ , 08255104. ) , / (<0589/ 5= , + :/ ( : :/ , 685+; * :054 9* 58, 5- :/ , 04-(4:9
= / 5 2551, + 254. , 8 ( : :/ , ; 4, >6, * :, + -04(2 9:( :, = (9 45: +0--, 8, 4: -853 :/ ,
685+; * :054 9* 58, 5- :/ , 04-(4:9 = / 5 2551, + 254. , 8 ( : :/ , , >6, * :, + -04(2 9:( :, 	

� � �  $ � �  � � � � K� O� ! # � �  � ' ! N � � �  � �  %$ � 	 �

 � � � � � �
� -564-& 76-21� 2* � � 1* % 165� � ' ' 24( -1+ � 62�  , ) -4

� ) 4* 240 % 1' ) � -1� 6, ) � � 42( 7' 6-21� % 1( � 6, ) � � ) 4' ) 36-21
" ) 45-21� 2* � 6, ) � � ) % 15� � 1( �  % 5.

9 � " � � � � �  � � # � " � � � � A� ! �

9 � " � � � � � �  � � � " � � � � A� ! � + F

D 
 
 � �

A � � 


�
#
)
"
 
#
�
�
�
�
�
�
+


�
�
�
�
*
�
�
 
�
"
�
�
�
�
"
%
&
�
&
'
&
�
�
�
#
$
�
�
'
!
�
"
�


#
�
"
�
&
�
(
�
�
�
�
�
$
�
�
"
�
�
�
�
�
"
�
�
�
�
�
&


�
�
�


�
�
�
�
	
�
�
#
(
�
!
�
�
$
�
�
�
�
	

� � �



Additionally, we compared the number of infants who performed more planfully
in the action production task but did not differentiate between the two final states
in the action perception task, and infants who did perform less planfully in the ac-
tion production task but differentiated in the action perception task. This analysis
showed that significantly more infants were able to perform the action perception
task but not yet the action production task than vice versa.

These results, in contrast to those of Schlesinger and Langer (1999), indicate
that the competence in performing an action is not necessarily the substructure on
which the perception and interpretation of the same action can be built. On the
contrary, even those infants who did not show any planful behavior at all in the
action production task did show a certain amount of action understanding in the
action perception task. We return to this discrepancy in the General Discussion.

We first have to rule out the following alternative explanation for the present re-
sults. Sommerville and Woodward (2005a) showed that 10-month-old infants both
understood and performed a means-end task more easily if the support on which
the object is placed was a wooden box than if it was a flat cloth. If these findings
are valid for the age of 6 months as well, the results of Experiment 1 can be
explained as follows. In this study, a board was used as support in the action
perception task and a flat cloth was used in the action production task. This was
done to avoid transfer and learning effects from one condition to the other.
However, if solving the means-end task with a wooden box is easier than with a
cloth, it might well be that infants who did not show planful behavior in this study
would have done so if a box or a board was used as support. This could be
the reason why these infants showed a successful interpretation of the action
perception task but did not succeed in the action production task. This alternative
explanation was tested in Experiment 2.

EXPERIMENT 2

To test the alternative explanation of the findings of Experiment 1, the means-end
performance of 6-month-old infants was tested in Experiment 2 in which infants
only performed the action production task. The task presented was the same as in
Experiment 1 with a slightly modified support object: The felt towel was replaced
by a board that infants had to pull to receive the toy. This board was similar to the
one presented in the action perception task of Experiment 1.

Method

Participants

Twenty-five 6-month-old infants (14 girls, 11 boys; M age = 6 months; 2 days,
range = 5;17–6;14) participated in the experiment. Fourteen additional 6-month-
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olds (6 girls, 8 boys) were tested but not included in the final sample due to distress
or fussiness (n = 12), or experimenter errors (n = 2). Infant details were obtained
from public birth records.

Stimulus Material, Procedure, and Data Analysis

Stimulus material, procedure, and data analysis were identical to Experiment 1
except for the following modifications. Only the action production task was pre-
sented to the infants. Moreover, the pulling support was adapted from Study 3 in
Sommerville and Woodward (2005a). A board (23 cm × 15 cm × 3 cm) was used
instead of the felt cloth. This board was the exact height of the board used in the
action perception task in Experiment 1 and was covered with the gray felt cloth used
in the first experiment. Additionally, the board had a slip lid made out of the cloth
that extended from one end of the board, to ensure that the board was not harder to
grasp than the cloth used in Experiment 1. The coding procedure of the infants’
responses was identical to Experiment 1. One observer scored all trials, and, as a check
on the reliability of scoring, a second observer scored a random sample of 25% of the
participants. The percentage of agreement was 91% for visual fixation, 90% for cloth
behavior, 95% for toy behavior, and 94% for the overall level of behavior.

Results

The overall distribution of behavior resembled the distribution of behavior
obtained in the original study (Willatts, 1999, Figure 1, p. 655). Nonplanful behavior
was shown in 27.6% of the trials, partially planful behavior was shown in 51.7% of
the trials, and fully planful behavior was shown in 20.7% of the trials. Chi-square
tests performed on the distribution of the three behavior classifications showed no
difference between the results of Willatts (1999) and the results of Experiment 2,
χ2(2, N = 305) = 4.45, p = .11, and no difference between the present Experiments
1 and 2, χ2(2, N = 497) = 1.81, p = .40.

Further, the overall score of every infant’s performance was calculated (M =
0.91, SD = 0.57). In this analysis as well, an independent samples t test yielded no
difference between the results obtained in Experiment 1 and Experiment 2, t(83) =
.58, p = .56 (two-tailed), Cohen’s d = .13.

Discussion

Experiment 2 demonstrates that in 6-month-old infants, the distribution of means-
end behavior is independent of the kind of support used in the action production task.
In this study, in which the infants had to pull a board to receive a toy, the number of
trials with nonplanful, partially planful, and fully planful behavior did not differ
from the results obtained in Experiment 1 and in Willatts’s (1999) Experiment 1.
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However, at first glance, our findings differ from those reported by Sommer-
ville and Woodward (2005a), who found that at the age of 10 months, infants
produced a higher frequency of planful strategies in the condition in which a
wooden box was used as support than in the condition in which a flat cloth was
used as support. Nevertheless, these results do not contradict the findings by
Sommerville and Woodward (2005a), as in their studies, 51% (flat cloth condi-
tion) and 74% (wooden box condition) of the 10-months-olds used planful strate-
gies to retrieve the toy placed on the support. In the experiments reported here,
only about 20% to 25% did so. As Willatts (1999) showed, there is a remarkable
increase in the ability to produce means-end behavior between the age of 6 and 8
months. It is still possible that the ability to successfully pull a support to retrieve a
toy develops faster with a box than with a cloth serving as support. This advantage
of a box as support, however, is not yet present at the age of 6 months.

Most important, the results obtained in Experiment 2 rule out the alternative ex-
planation of the findings in Experiment 1. Six-month-old infants have the same
competencies to perform means-end behavior irrespective of whether they have to
pull a flat cloth or a board to receive a toy. Nonetheless, the possibility that infants
are able to interpret a pulling sequence earlier if it is presented on a box than on a
flat cloth cannot be ruled out by these findings. However, such a finding would be
in line with the perception first hypothesis that the ability to understand other
people’s means-end behavior develops earlier than the ability to successfully
perform one’s own means-end behavior.

EXPERIMENT 3

Experiment 3 was designed to control for alternative low-level explanations of the
differences in the looking times toward the final states of Experiment 1. It could be,
for example, that infants looked longer toward the unexpected final state not because
they realized that the toy should have moved with the support, but because it was
now placed further away from the hand than initially presented, or because infants
preferred the arrangement of support and toy in the unexpected outcome over the
arrangement in the expected outcome. Therefore, the design of Experiment 3 followed
the general procedure of the action perception task of Experiment 1, with the excep-
tion that only the two final states of the action perception task were presented to the
infants and looking times toward the respective displays were analyzed.

Method

Participants

Twenty-five 6-month-old infants (13 girls, 12 boys; M age = 6 months;1 day,
range = 5;18–6;13) participated in the experiment. Seven additional 6-month-olds
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(2 girls, 5 boys) were tested but not included in the final sample due to distress or
fussiness. Infant details were obtained from public birth records.

Stimulus Material, Procedure, and Data Analysis

Stimulus material, procedure, and data analysis were identical to Experiment 1
except for the following modifications. Only the action perception task was pre-
sented to the infants. Moreover, the initial part of the means-end action on Monitor
A was not presented. Immediately after the presentation of the attention grabber on
Monitor A, the picture of the blue curtain was presented on Monitor A until the end
of the trial. Subsequent to the presentation of the attention grabber on Monitor A,
stimulus presentation continued simultaneously on the two lower monitors (B and
C): The curtain that covered a part of the scene was lifted and the same two final
states as presented in Experiment 1 were presented simultaneously for 20 sec in
Experiment 3 (see Figure 3).

Six trials following the described pattern were presented to the infants. The
position of the two final states was varied between participants. Infants’ looking
behavior toward the respective final states was recorded as in Experiment 1.

Looking times were coded following the procedure described in Experiment 1.
One observer scored all trials, and, as a check on the reliability of scoring, a second
observer scored a random sample of 25% of all participants. The agreement for the
amount of looking time toward each of the two lower monitors (B and C) was 90%.

Results

For the main analyses, the total amount of looking time on the three respective tri-
als was calculated for all infants. A preliminary ANOVA with the between-subject
factors sex and position of respective final states yielded no significant effects
(both p values > .19). For the subsequent analyses, data were collapsed across
groups.

Infants looked equally long toward both displays (Display 1, as depicted in the
left panel of Figure 3, representing the unexpected final state of Experiment 1: M =
13.10 sec, SD = 7.30; Display 2, as depicted in the right panel of Figure 3, repre-
senting the expected final state of Experiment 1: M = 14.38, SD = 8.91), t < 1, Co-
hen’s d = .16. Additionally, we tested for a side bias and analyzed the looking
times toward the left display (M = 13.28, SD = 8.33) and to the right display (M =
14.21, SD = 7.98). Infants looked equally long toward the left and the right display,
t < 1, Cohen’s d = .11.

Discussion

Experiment 3 demonstrated that, without having watched the initial sequence of
the covered pulling action, 6-month-old infants did not discriminate between the
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two final states; they looked equally long toward the final states that were expected
and unexpected in Experiment 1. Thus, Experiment 3 rules out possible alternative
and low-level explanations of Experiment 1 that the infants could have looked lon-
ger at the unexpected outcome because the hand was placed further away from the
toy than presented initially or because they just preferred the arrangement of sup-
port and toy in the unexpected outcome over the arrangement in the expected out-
come.

One might still argue that Experiment 3 does not yet address that the infants in
Experiment 1 were simply responding to a superficial change in the distance be-
tween the hand and the object (i.e., the wooden tower). Maybe their responses had
nothing to do with pulling; infants simply noticed that the object was fairly close to
the hand in the initial portion of the event, and still at the same distance to the hand
in the expected outcome or farther away in the unexpected outcome. Although we
did not test this hypothesis directly, we would like to argue against this alternative
explanation. A change of the distance between the hand and the object is by defini-
tion caused by a change of one of the objects in space. Due to grasping the board,
the hand is connected to it. A change of location of the hand therefore auto-
matically leads to a change of location of the board. Because the object is placed on
the board and, thus, also connected to the board, the location of the object in space
is also related to the location of the board and, thus, of the hand. The location of the
object in the unexpected final state violates the expectation that is built through the
pulling movement of the hand in connection with the board and the object. One
might hypothesize that this change of location could be achieved by different
means than pulling, but the expectation that is built and that is violated is based on
the knowledge that hand, board, and object are connected and move together. Due
to this connection, we assume that the distance between the hand and object cannot
be evaluated separately by the infant. We thus conclude that the discrimination of
Experiment 1 is based on the interpretation of the pulling sequence presented prior
to the final states.

GENERAL DISCUSSION

In this study, the ability of 6-month-olds to perform means-end behavior was com-
pared to their ability to understand means-end behavior in a within-subjects
design. In Experiment 1, infants were presented with an action perception task
(adapted from Baillargeon et al., 1992, cited in Baillargeon, 1993) showing an
actor pulling a board on which an object was placed. Subsequently, expected and
unexpected final states of this action were presented simultaneously. Infants looked
significantly longer at the unexpected than the expected final state, suggesting that
they realized that pulling a support leads to a relative displacement of a toy placed
on the support. In an action production task (adapted from Willatts, 1999), infants
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had to pull a cloth to receive a toy placed on the cloth. The results reported by
Willatts (1999) were replicated. Approximately one fourth of the infants showed
fully planful or nonplanful behavior, respectively, and about half of the infants
showed partially planful behavior. To analyze the interplay of these two abilities,
the infants were classified into a group of more planful and a group of less planful
performers according to their performance on the action production task. The
analysis of the looking behavior of these two groups showed that both the more
planful and the less planful infants looked significantly longer at the unexpected
final state than at the expected final state, indicating that the ability to perform an
action is not necessarily a substructure on which the perception and interpretation
of the same action are built.

The second experiment ruled out an alternative explanation of the findings of
Experiment 1. Infants who did not show planful behavior in the action production
task could have correctly perceived the means-end behavior produced by another
person because, in the action perception task, a board was used instead of a flat
cloth. Sommerville and Woodward (2005a) showed that it was easier for 10-
month-old infants to perform and interpret means-end behavior if a box had to be
pulled instead of a flat cloth to receive a toy. At the age of 6 months, no advantage
of either the flat cloth or the board was found. Infants’ performance levels were
comparable in the action production tasks of both experimental conditions.

The third experiment ruled out alternative low-level explanations for the differ-
ences in the looking times toward the final states of Experiment 1. It could have
been that infants looked longer toward the unexpected final state not because they
realized that the toy should have moved with the support, but because it was now
placed further away from the hand than presented initially, or because infants pre-
ferred the arrangement of support and toy in the unexpected outcome over the ar-
rangement in the expected outcome. When only presented with the two final states
of the action perception task of Experiment 1 without the prior pulling action
sequence, infants no longer differentiated between the two final states but looked
equally long toward either display.

Our findings differ from previous studies in some respects. Sommerville and
Woodward (2005a) reported that infants’ ability to perceive and perform means-
end behavior develops simultaneously, and Schlesinger and Langer (1999) found
that the ability to perform means-end behavior precedes the ability to understand
the same behavior. The obvious question now is why this is the case.

First of all, the tasks used by Sommerville and Woodward (2005a) were some-
what more difficult than the tasks used in this study. In their action production task,
infants had to actively decide whether or not a pulling action was useful to bring an
object that was placed either on a support (contact trials) or adjacent to a support
(no-contact trials) within reach. In the action production task tested in this study,
infants did not have to differentiate between two object-support combinations with
different qualities of affordance. They just had to execute the necessary pulling
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action to receive the toy without choosing between different alternatives. In the
action perception task studied by Sommerville and Woodward (2005a), infants
were first habituated to an actor’s pulling sequence and had to then discriminate
between the physical correctness of two different pulling actions. In this study,
infants had to discriminate the physical correctness of two outcomes of a single
pulling action. It is probably easier for 6-month-old infants just to discriminate
between an expected and an unexpected outcome of a single action than to judge
the appropriateness of two different actions.

The differences between the action perception task of this study and the study
by Schlesinger and Langer (1999) can be explained in a similar way. In the action
perception task used by Schlesinger and Langer, infants again had to discriminate
between the physical correctness of two different actions, and not, as in this study,
only between two different final states of the same action. This could have
increased the difficulty of the task and led to the poorer performance of the
8-month-olds in the action perception task.

The results reported here support findings from earlier studies on search behav-
ior (Baillargeon & Graber, 1988; Diamond, 1985), and understanding of goal-
directed actions performed by mechanical devices (Bertenthal & Longo, 2007;
Hofer et al., 2005) and by humans (Daum et al., 2008). In all of these studies, ear-
lier competences in action perception tasks than in action production tasks were
reported. Further studies comparing toddlers in a within-subjects design showed
that although toddlers failed to search at the correct location, they looked longer at
an unexpected than at an expected outcome (Hood, Cole-Davies, & Dias, 2003;
Mash, Novak, Berthier, & Keen, 2006). Keen (2003) concluded from these results
that the perception of unexpected event outcomes seems to be a fundamental on
which further knowledge about the world can be built. Such a conclusion is in line
with the explanation of the dissociations mentioned earlier, namely that perception
and production of an action are tasks that differ in the demand of the cognitive
capacities involved (Hood, 2001; Keen, 2003; Munakata, 2001; Munakata et al.,
1997). One might further speculate about the reasons why infants fail in an action
production task while succeeding in an action perception task. This might be based
on three possible causes: First, the infants could have difficulties in the planning of
the respective action. Research on infants’ action planning capabilities has shown
that infants can anticipate the location of a moving object and adjust their speed
and reaching direction to grasp the object (Clifton, Rochat, Robin, & Berthier,
1994; von Hofsten, 1993). They are further able to orient their hand (e.g., Lock-
man, Ashmead, & Bushnell, 1984) and to adjust the size of their hand aperture
(von Hofsten & Rönnqvist, 1988) appropriately to the orientation and size of an
object. However, in all these cases, infants had to solve a simple grasping task. In
this study, infants had to solve a somewhat more difficult means-end task where
they not only had to grasp but also to manipulate an object to achieve a goal. This is
a more complex task and it might be that the infants’ planning abilities for such
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problem-solving tasks develop later than for simple grasping tasks. Second,
infants might have had difficulties in executing the action required to solve the task
due to poor motor or inhibitory control (e.g., Diamond & Gilbert, 1989). In this
case, they might have the ability to anticipate and choose which action would be
appropriate to achieve the goal (and therefore succeed in the action perception
task), but they are simply not yet able to perform this action. Third, the infants
might be able to both plan and perform the required action, but not yet have the
ability to do so at the same time due to their limited cognitive capacities (Hood,
2001; Keen, 2003; Munakata, 2001; Munakata et al., 1997). This would be in line
with our findings that infants are able to succeed in a simple perception task where
only one of the two capacities is necessary, namely the ability to infer and predict
the outcome of a perceived action. They are not yet able, however, to integrate
planning and execution in the action.

If, however, the action under question is simpler and does not involve active
problem solving, for example, a simple grasping task, then it might be that the
issues preciously discussed no longer exist. There is growing evidence that when
presented with a simple reaching and grasping task, action perception and action
production are developed in close relation (Bell & Adams, 1999; Daum, Prinz, &
Aschersleben, 2009; Falck-Ytter, Gredebäck, & von Hofsten, 2006; Hespos &
Baillargeon, 2006; Matthews et al., 1996; Pelphrey et al., 2004). In the task from
Daum et al. (2009), for example, 6-month-old infants’ ability to encode the goal of
a grasping action from the aperture size of an actor’s hand during the grasp was
related to their grasping competence: Only those infants who were already able to
perform a grasping action were also able to encode the goal of another person’s
grasping action. It might thus be that perception and production of an action
develop in very close relation to each other and that, in principle, infants can only
understand those actions that they are able to perform. Additionally, if two or more
simple actions are combined into a more complex action that the infant is not yet
able to produce (due to its complexity), the infant is still able to understand it
already (due to the understanding of the simple subactions).

A conceptual question that could be asked is whether the perception and the
action production task do actually tap the same cognitive skills, as we would argue,
or whether they tap different cognitive skills. The two tasks differ with respect to
various factors like the fact that in the action production task, an action is required
to solve the problem, whereas in the action perception task it is not; in the action
production task, the action is obviously presented from a first-person perspective,
and in the action perception task from a third-person perspective; in the action pro-
duction task, the successful outcome has to be achieved, but this is not always the
case, whereas in the action perception task, two versions of the outcome are pre-
sented and the infant has to validate whether or not one of the outcomes makes
sense. We concede that due to these factors, it might appear difficult to compare
the two tasks. However, action perception and action production are per se differ-
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ent processes and we are convinced that the two tasks that are presented in this
study share enough features (e.g., toy placed on a support, manual pulling action
required, toy moves the same distance as the support) to make them comparable.

One major difference of the two tasks, is, obviously and as intended, the per-
spective from which the actions are presented. In the action production task where
the infant had to solve the means-end problem, the action was perceived from a
first-person perspective, whereas in the action perception task, the action was per-
ceived from a third-person perspective. The perspectives of presentation were cho-
sen to remain the perspectives from which actions produced by oneself and by
other persons are usually perceived. Previous research has shown that in adults,
solving a reach-to-grasp task is similarly conducted independent of whether the
participants had to imagine either themselves performing the action or another per-
son facing them performing the same action (Anquetil & Jeannerod, 2007). When
asked to describe a perceived action sequence either from an actor’s perspective
(third person) or their own perspective (first person), participants learned the task
better when they had to describe the task from the third-person perspective
(Lozano et al., 2006). Recent research with infants supports the latter finding.
When inferring the goal of an object-directed action, infants were able to discrimi-
nate between an unexpected and an expected outcome when the action was pre-
sented from a third-person perspective but not when it was presented from a
first-person perspective (Daum et al., 2008).

Jeannerod (1999) pointed out that there ought to be cognitive structures that
allow us to keep first- and third-person information apart. Otherwise, one would
automatically mimic every action one observes. Barresi and Moore (1996) intro-
duced different intentional schema as a solution for this problem. When an action
performed by another person is observed, the observer would activate third-person
knowledge, based on the visual analysis of the agent’s action. When an action is
generated by oneself, first-person knowledge is activated, based on the self-pro-
duced signals as, for example, proprioceptive information. According to the available
input signal, an action will then be attributed to the self or to another person.

From this perspective, our findings might support this notion of different inten-
tional schemata. Given the activation of different information (predominantly
visual in the action perception task vs. visual and proprioceptive in the action pro-
duction task) one might conclude that the understanding of observed actions and
the production of the same actions are—at least in early infancy—two distinct pro-
cesses. However, we would not go that far in our interpretation and rather conclude
that, in line with the preceding argumentation about an increased cognitive load,
the intentional schema of the action production task involves more cognitive
resources (vision and proprioception) compared to the intentional schema of the
action perception task, where only visual information is involved.

Coming back to the hypotheses introduced earlier, what do we learn from the
results of this study? The findings reported here show that perception and interpre-
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tation of a means-end action do not necessarily depend on one’s own competence
to produce a means-end action. Consequently, the hypothesis that infants come to
understand others’ actions based on their own competence in performing the same
action does not hold true in the context of a means-end action. Both looking times
and the distribution of performance among the perception and the action produc-
tion tasks give evidence against this hypothesis. Our results further weaken the hy-
pothesis that the ability to interpret others’ actions and the competence to perform
a similar action develops in parallel. In contrast, the results reported here support
the hypothesis that the interpretation and understanding of a means-end action pre-
cedes the performance of the same action, as even those infants who completely
failed in the action production task showed some understanding in the action per-
ception task. It does not seem to be necessary that infants are able to perform a
means-end task to be able to correctly interpret the behavior of another person per-
forming a means-end task.

However, this study cannot provide final and decisive evidence for this
direction. The looking time data strongly support the claim that in this task, the
perception and interpretation of a means-end action performed by another person
precedes the infants’ own competence to produce a similar means-end sequence.
However, it is not clear whether these preceding perceptual abilities are causally
related to the productive abilities and whether the perceptual abilities represent a
necessary foundation for the productive abilities. It is important to note that no
causal relationship can be drawn from these data. It might still be the case that per-
ception and production of an action are not yet interlinked with each other. This
would mean that a common representation of perception and action as is the case in
adults (Prinz, 1990, 1997) is not yet present in children at early ages. However, the
fact that even those infants who showed no planful production behavior at all were
able to discriminate between the final states, and that the number of infants who
succeed in the action perception task but not in the action production task is signifi-
cantly larger than vice versa might suggest a causal relationship from perception to
production. Whatever the case might be, further research is needed to clarify the
interplay and especially the causal relationship between the development of action
perception and action production in more detail.
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The Development of Rational Imitation
in 9- and 12-Month-Old Infants

Norbert Zmyj and Moritz M. Daum
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Studies on rational imitation have provided evidence for the fact that infants as young

as 12 months of age engage in rational imitation. However, the developmental onset

of this ability is unclear. In this study, we investigated whether 9- and 12-month-olds

detect voluntary and implicit as well as nonvoluntary and explicit constraints in the

head touch task. Three groups of infants watched video sequences, which displayed a

person illuminating a lamp using the head. The hands of the model were either free,

occupied by voluntarily holding a blanket, or nonvoluntarily restrained by being tied

to the table. An additional control group of infants watched the model turning on the

lamp by using the hand. Given that the majority of infants imitated the head touch

when the model’s hands were free, there was evidence for rational imitation in com-

parison to the condition in which the model’s hands were tied to the table, but not in

comparison to the condition in which the hands were occupied by holding a blanket.

Nine-month-olds showed no differences in their behavior according to the condition.

These findings clarify the onset of rational imitation by showing that 12-month-olds

(but not 9-month-olds) take into account a situational constraint only when the con-

straint is nonvoluntary and explicit.

A closer look at infants’ imitative abilities in the last few decades has revealed that
they are more sophisticated imitators than has been previously credited. Meltzoff

Infancy, 14(1), 131–141, 2009
Copyright © Taylor & Francis Group, LLC
ISSN: 1525-0008 print / 1532-7078 online
DOI: 10.1080/15250000802569884

Correspondence should be addressed to Norbert Zmyj, Department of Psychology, Max Planck In-

stitute for Human Cognitive and Brain Sciences, Stephanstr. 1a, 04103 Leipzig, Germany. E-mail:

zmyj@cbs.mpg.de

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
M
a
x
 
P
l
a
n
c
k
 
I
n
s
t
 
&
 
R
e
s
e
a
r
c
h
 
G
r
o
u
p
s
 
C
o
n
s
o
r
t
i
u
m
]
 
A
t
:
 
1
2
:
4
4
 
2
 
F
e
b
r
u
a
r
y
 
2
0
0
9

""!



(1988b) showed in his seminal study that 14-month-olds are able to imitate novel
goal-directed behavior. Infants were confronted with a wooden box containing a
hidden lamp, with its top surface covered in a translucent plastic panel. The box
could be illuminated by touching the panel. When they had watched an adult per-
forming the head touch to illuminate the box 1 week before, two thirds of infants
engaged in this action. In contrast, infants never turned on the lamp by using their
head spontaneously in a baseline control group. This task of illuminating a lamp
with the head will be referred to as the head touch task.

Gergely, Bekkering, and Király (2002) extended the head touch task by add-
ing a second experimental condition. Infants performed the head touch less often
when the model’s hands were occupied by holding a blanket (hands-occupied
condition) than when the model’s hands were free (hands-free condition). The
authors interpreted these findings as evidence that infants evaluated the behavior
of the model according to the situational constraints. In the hands-occupied con-
dition, infants might have assumed that the model had to use the head because the
hands were occupied. Consequently, infants used their hands to turn on the lamp
because their hands were free. In contrast, in the hands-free condition, infants
could have inferred that the model deliberately chose to use the head, as she
could have used the hands instead. Gergely et al. (2002) hypothesized that by
copying this unusual action, infants investigated a possible benefit from this
method of turning on the lamp.

In a recent study by Schwier, van Maanen, Carpenter, and Tomasello (2006), a
different kind of task was designed to test infants’ability to imitate rationally. They
reported that infants as young as 12 months already take into account situational
constraints in their imitative behavior. In the study of Schwier and colleagues, the
experimenter put a stuffed toy dog into a house through the chimney. In the
door-closed condition (analogous to the hands-occupied condition in the head
touch task) the experimenter was forced to use this method because the door was
closed. In the door-open condition (analogous to the hands-free condition) the
door was open, but the experimenter dropped the toy dog through the chimney just
as in the door-closed condition. Twelve-month-olds imitated dropping the toy dog
through the chimney more often in the door-open condition than in the door-closed
condition. In line with Gergely et al. (2002), the authors concluded that young in-
fants do imitate rationally. Furthermore, they provided evidence that even 12-
month-olds show this ability.

It is important to note that there were at least two main differences in the studies
by Schwier et al. (2006) and Gergely et al. (2002). First, the constraint on the
agent’s more straightforward action differed because the model in Gergely et al.’s
(2002) study voluntarily occupied her hands by holding a blanket, but the dog in
Schwier et al.’s study faced a nonvoluntary external restriction (closed door) that
made him change his intended pathway. Second, Schwier et al. (2006) and Gergely
et al. (2002) tested different age groups (12- and 14-month-olds, respectively).
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Thus, to investigate the developmental onset of rational imitation, we tested 9-
and 12-month-olds’ capacity for rational imitation using a condition in which the
model’s actions were involuntarily and explicitly restricted and a condition in
which the restriction was voluntary and implicit. For this purpose, we used
Gergely et al.’s (2002) head touch task. In addition, we designed a new hands-re-
strained condition. In this new condition, the hands of the model were tied to the ta-
ble. This represents a nonvoluntary and explicit restriction similar to the door-
closed condition tested by Schwier et al. (2006).

Following this rationale, we expected that 12-month-olds would use their heads
to turn on the lamp less often in the condition in which the model’s hands were tied
to the table (hands-restrained condition), compared to the condition in which the
model’s hands were free (hands-free condition). For the comparison between the
hands-free and the hands-occupied condition (when the hands were occupied by
holding a blanket) the prediction was less clear, as there is no evidence yet that
12-month-olds detect implicit and voluntary constraints.

In contrast to the studies by Schwier et al. (2006) and Gergely et al. (2002), a
televised model was used for the presentation of the target action because this
method allows greater control over the experimental demonstration and extends
the basis on which rational imitation is investigated. In general, a number of stud-
ies in various domains have shown that young children perform worse when these
tests are presented via video compared to their performance when presented with a
live model (see Povinelli, Landau, & Perilloux, 1996; Suddendorf, 1999, for
self-recognition; see Troseth & DeLoache, 1998, for a retrieval test). In fact, there
is an indication that this “video deficit” occurs in imitation studies, too, as it has
been shown that infants can imitate televised models (Meltzoff, 1988a), but over-
all imitation rate is sometimes reduced (Barr & Hayne, 1999; Klein, Hauf, &
Aschersleben, 2006). However, Mumme and Fernald (2003) reported that 12-
month-olds are not severely affected by learning from a televised model and a re-
cent study by Barr, Muentener, and Garcia (2007) indicated that an increased expo-
sure to the target action might reduce the video deficit in 12-month-olds.

METHOD

Participants were 55 9-month-olds (M = 9 months; 3 days, range = 8;15–9;16; 27
girls and 28 boys) and 64 12-month-olds (M = 12 months, range = 11;15–12;15; 30
girls and 34 boys). An additional 29 12-month-olds and 15 9-month-old infants
were tested, but not included in the final sample due to fussiness, interference by
the parent, procedural errors, or lack of interest. Infants were recruited from a data-
base of parents who had agreed to participate in infant studies.

The lamp (diameter 14 cm, height 5 cm) was fixed on a wooden panel (19 ×27
cm) and could be automatically illuminated by touching it on the top. Video se-
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quences were presented via the software presentation® on a 24-in. monitor
(SONY GDM-FW900, screen resolution 800 × 600). A table (80 cm × 60 cm) was
located between the monitor and the infant. Infants sat on their parent’s lap. Parents
were instructed to hold their infant at the hip to ensure an upright position and mo-
bility of the upper part of the body. The distance between the infant and the moni-
tor was about 70 cm. When parent and child felt comfortable, the experimenter left
the room and started a computer-controlled presentation of the stimulus material.
Infants were randomly assigned to one of the following experimental conditions:

• Hands-free condition. The hands of the televised model were located beside
the lamp. A blanket was wrapped around the shoulders, but did not constrict
the model. The model clapped on the table three times by lifting both hands
simultaneously a few centimeters. After that, the model illuminated the lamp
for 2 sec using the forehead and then returned to the initial position.

• Hands-occupied condition. The model’s hands were located beside the lamp.
The model took the ends of the blanket, wrapped them around the shoulders,
and illuminated the lamp by using the head after the blanket covered the
hands. Afterward the model returned to the initial position.

• Hands-restrained condition. The model’s hands were located beside the
lamp. The hands were tied to the table with two black tapes (width of 5 cm).
A blanket was wrapped around the shoulders, but did not constrict the model.
The model clapped on the table three times, comparable to the hands-free
condition, thereby illustrating that lifting the hands is not possible. Subse-
quently, the model illuminated the lamp using the head. Afterward the model
returned to the initial position.

• Baseline condition. The model’s hands were located beside the lamp. A blan-
ket was wrapped around the shoulders, but did not constrict the model. The
model used the right hand to turn on the light. Then, the model returned that
hand to the initial position.

The model was either a female or a male adult. Note that in each of the three
head touch conditions, the model performed an action before performing the head
touch. That is, clapping on the table was presented in the hands-free and hands-re-
strained conditions, and wrapping the blanket around the shoulders was presented
in the hands-occupied condition. Therefore, experimental conditions were compa-
rable in this respect.

Each video sequence lasted for 10 sec. We used a picture of a sun together with
a male voice saying “Look, there!” as an audiovisual attention-getter that was pre-
sented for 3 sec before each presentation of a video sequence. The model did not
talk to or look at the infant in all four conditions. Instead the model looked solely at
the lamp with a neutral facial expression. Accordingly (and unlike in Gergely et
al.’s [2002] original study), the model in the hands-occupied condition did not pre-
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tend to be cold to keep emotional cues constant across conditions and to focus on
the occupied and restrained status of the hands, respectively. Although it is more
common in imitation research to present target actions three times, we presented
the video sequence five times as a pilot study and a recent study by Barr et al.
(2007) indicated that an increased exposure to the target action might reduce the
video deficit in 12-month-olds. After the video demonstration, the experimenter
came back to the testing room, placed the lamp in front of the infant, fixed it to the
table using double-faced adhesive tape, and left the room again. Whereas the test
phase used by Gergely et al. (2002) was 20 sec, we used a prolonged test phase of
60 sec because infants in this study engaged in the head touch action less swiftly
than reported by Meltzoff (1988b) and Gergely et al. (2002). During the presenta-
tion of the video sequences and during the test phase, a camera was positioned
above the monitor and recorded a close-up view of the infant. Additionally, a sec-
ond camera was focused on the monitor to document the demonstrated video se-
quences. Both camera views were recorded on one tape using a split-screen gener-
ator.

An action was coded as a head touch if infants approached the lamp with their
head and the minimal distance between their head and the lamp was below 10 cm.
This coding procedure is analogous to previous studies using the head touch task
(Gergely et al., 2002; Meltzoff, 1988b). In addition to the dichotomous classifica-
tion of infants who performed the head touch and those who did not, we coded the
number of head touches as well as the latency of the first occurrence of the head
touch. The onset for the latency measurement was the point in time when infants
saw the lamp and had free access to it. A second independent observer rated 25%
of the videos. Good levels of reliability (intraclass correlation coefficient) were
achieved for looking time (.90), number of hand (.96) and head touches (.96), and
latency of the first occurrence of the head touch (.93). Because coding happened to
be on a nominal scale, two-tailed chi-square tests were applied. For analyzing
looking time, number of hand and head touches and latency of the first occurrence
of the head touch analyses of variance were used.

RESULTS

Infants were highly interested in the video sequences and in the lamp. Total presen-
tation time of the video sequences was 50 sec. Looking time in each condition
ranged between 35 sec and 46 sec (see Table 1), and did not differ significantly be-
tween conditions in each age group (both ps > .20). Moreover, all infants turned on
the lamp by using the hand at least once during the test phase.

Eight out of 14 9-month-olds (57%) performed the head touch in the hands-free
condition, 7 out of 13 9-month-olds (54%) in the hands-occupied condition, 8 out
of 14 9-month-olds (57%) in the hands-restrained condition, and 9 out of 14
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differed significantly from the hands-free condition, χ2(1, N = 32) = 10.17,
p < .001. There was a marginally significant difference between the hands-occu-
pied and the baseline condition, χ2(1, N = 32) = 3.46, p = .06, but not between the
hands-restrained condition and the baseline condition, χ2(1, N = 32) = .00, p = 1.00
(Fisher’s Exact Test). Additionally, there were no differences in the imitative be-
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FIGURE 1 Percentage of 9-month-olds performing the head touch at least once in each

condition.

FIGURE 2 Percentage of 12-month-olds performing the head touch at least once in each

condition.
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havior between infants perceiving the male model and infants perceiving the fe-
male model.

In both age groups (9- and 12-month-olds), the mean number of head touches
did not differ across the four conditions, F(3, 28) = 1.32, p = .29; F(3, 23) = 2.07,
p = .13, respectively, nor did the latency of the first occurrence of the head touch,
F(3, 28) = 1.95, p = .14; F(3, 23) = 1.14, p = .35, respectively. Similarly, the mean
number of hand touches in the group of 9-month-olds (hands free, 19.1; hands oc-
cupied, 16.0; hands restrained, 20.6; baseline, 12.9) and in the group of 12-
month-olds (hands-free, 16.6; hands occupied, 21.9; hands restrained, 16.5; base-
line, 20.6) did not differ significantly, F(3, 51) = 1.83, p = .15; F(3, 60) = 1.05,
p = .38, respectively. Table 1 shows the mean number of head touches and latency
of the first occurrence of the head touch.

DISCUSSION

This study aimed at answering two important questions that were raised by previ-
ous studies on rational imitation (Gergely et al., 2002; Schwier et al., 2006): First,
are infants able to imitate rationally at 12 months of age? The answer to this ques-
tion is yes. This study shows that the developmental onset of the ability to imitate
rationally is between 9 and 12 months of age. Second, what are the conditions un-
der which infants start to imitate rationally? The results of this study indicate that
infants are more sensitive to an explicit and nonvoluntary contextual constraint
than to an implicit and voluntary contextual constraint. Twelve-month-olds, but
not 9-month-olds, imitated the head touch rationally when comparing the perfor-
mance of the head touch in the hands-free to the hands-restrained condition, but
showed no context effect when comparing the performance of the head touch in the
hands-free to the hands-occupied condition.

In general, imitative abilities develop rapidly between the age of 9 and 12
months (Anisfeld, 2005; Carpenter, Nagell, & Tomasello, 1998; Jones, 2007). In
line with this developmental trend, this study reveals that 12-month-olds, but not
9-month-olds, engage in rational imitation in the head touch task. Note, however,
that McCall (1974) reported that the amount of “mouthing” to explore a toy de-
creases substantially from 8.5 to 11.5 months of age. It is possible that the domi-
nant tendency in 9-month-olds to explore objects orally obscured the ability to imi-
tate rationally in the head touch task. Although a detailed analysis of the head
touch behavior (latency of the first occurrence of the head touch and mean number
of head touches) did not support this idea, one should interpret the negative result
obtained in the 9-month-olds with caution.

This study shows under which conditions 12-month-olds are able to imitate ra-
tionally: The context-sensitive contrast in imitation was only present when com-
paring the hands-free and hands-restrained conditions. In contrast to the 14-

138 ZMYJ, DAUM, & ASCHERSLEBEN

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
M
a
x
 
P
l
a
n
c
k
 
I
n
s
t
 
&
 
R
e
s
e
a
r
c
h
 
G
r
o
u
p
s
 
C
o
n
s
o
r
t
i
u
m
]
 
A
t
:
 
1
2
:
4
4
 
2
 
F
e
b
r
u
a
r
y
 
2
0
0
9

""(



month-olds in the study of Gergely et al. (2002), however, 12-month-olds did not
discriminate between the hands-free and hands-occupied condition. Thus, infants
were more sensitive to the explicit and nonvoluntary constraint represented by the
tied hands in the hands-restrained condition than to the implicit and voluntary con-
straint in the hands-occupied condition (holding a blanket). Similar to the sug-
gested developmental trend in rational imitation between infants of 12 and 14
months, a change in the imitative ability between infants of 12 and 15 months has
also been reported in previous research on intended but unfulfilled acts (Bella-
gamba & Tomasello, 1999; Johnson, Booth, & O’Hearn, 2001).

Despite the similarity between this study and the study by Gergely et al. (2002),
this study differed with respect to the method used to demonstrate the model’s action
(live vs. televised demonstration). In general, there is no reason to assume that differ-
ences between a televised and a live demonstration could account for the presence of
rational imitation in the hands-free and hands-restrained condition and the absence
of it in the hands-free and hands-occupied condition because both comparisons are
based on the same difference in stimuli type. However, there is the possibility that
the less social nature of the video demonstration produced a qualitatively different
task compared to the head touch task by Gergely et al. (2002). Klein et al. (2006) re-
ported that the imitative behavior of 12-month-olds who watched a televised demon-
stration of a three-step action was analogous to the performance of infants who per-
ceived a live demonstration, but that the overall imitation rate was reduced. A
similar overall reduction in the rate of imitation was reported in other studies as
well (Barr & Hayne, 1999; Meltzoff, 1988a). However, a decreased imitation rate
was not prevalent in this study, as the rate of imitation in the hands-free condition
(75%) was comparable to previous studies using live models. In Schwier et al.’s
(2006) study, 81% of infants used the chimney pathway in the door-open condi-
tion, and in Gergely et al.’s (2002) study, 69% of infants performed the head touch
in the hands-free condition. Thus, one might assume that in this study the less so-
cial nature of the presentation did not have a fundamental impact on the perfor-
mance of the head touch. This is in line with a differentiation suggested by Uzgiris
(1981) between a social and a cognitive function of imitation. According to
Uzgiris, the social function of imitation refers to an affective sharing between
model and imitator and serves as a communicative act. The cognitive function of
imitation helps the infant in understanding puzzling events and exploring novel as-
pects of reality. Uzgiris (1981) and others (Killen & Uzgiris, 1981; Nielsen, 2006)
have suggested that in the course of the second year of life the cognitive function of
imitation gradually pales in comparison to the social function of imitation. Pre-
sumably, infants perceive the head touch task in terms of a cognitive task rather
than as an initiation of an interpersonal communication regardless of its live or
televised demonstration. Accordingly, the reduced social nature of videotaped in-
formation might not affect young infants as much as previously claimed (Nielsen,
Simcock, & Jenkins, 2008; Troseth, Saylor, & Archer, 2006).
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In this study, we showed that the nature of a constraint matters when infants
evaluate other people’s actions. We argued that when emphasizing that the model
is unable to use the hands, infants already have the capacity to detect the constraint
on the model by the age of 12 months. It has been shown that infants around this
age differentiate whether an adult is unwilling or unable to perform an action
(Behne, Carpenter, Call, & Tomasello, 2005). When learning novel behavior, the
importance of infants being sensitive to the reason why a person performed an ac-
tion cannot be overstated. Although they might not understand the particular rea-
son for an action, they are able to more flexibly adapt their effort to acquire new
skills. This ability has been suggested as an important step for entering cultural ac-
tivity where the conventional use of artifacts is essential (Tomasello, 1999).

In sum, this study provides further evidence that 12-month-olds take into
account the model’s situational constraints when imitating others, whereas 9-
month-olds do not yet engage in rational imitation. More specifically, 12-month-
olds are sensitive to the model’s explicit and nonvoluntary constraint, but not if the
constraint is implicit and voluntary.
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