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ABSTRACT—In this article, we review recent evidence of

infants’ early competence in perceiving and interpreting

the actions of others. We present a theoretical model that

decomposes the timeline of action perception into a series

of distinct processes that occur in a particular order. Once

an agent is detected, covert attention can be allocated to

the future state of the agent (priming), which may lead to

overt gaze shifts that predict goals (prediction). Once

these goals are achieved, the consequence of the agents’

actions and the manner in which the actions were per-

formed can be evaluated (evaluation). We propose that

all of these processes have unique requirements, both in

terms of timing and cognitive resources. To understand

more fully the rich social world of infants, we need to pay

more attention to the temporal structure of social

perception and ask what information is available to infants

and how this changes over time.
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We live in a dynamic world in which things change along

dimensions such as time and space. People act on the world,

people interact with each other, and objects move. Accordingly,

when growing up in this dynamic environment, we must identify

relevant agents and understand what these agents are doing. A

series of processes occurs as we observe social events. Some

processes take place over a few 100 ms (1), while others extend

over many seconds (2). Knowing that different ways of measur-

ing perceptual and cognitive processes operate on different time

scales is not new (3), nor is the notion of sequential social pro-

cesses (4). However, little attention has been devoted to studying

the microstructure of action perception and action understand-

ing, and to investigating how the combination of these processes

facilitates infants’ understanding of their social world.

Before any of these processes can be set in motion, social

agents need to be detected and identified. From birth, infants

are sensitive to other people’s movements (5) and goal-directed

actions (6), examples of how we initially detect social agents. If

the detected agent performs an action that cues directionality,

then babies can shift attention covertly in that direction (action

priming); in some instances, babies can estimate action goals

before the action is completed (action prediction). These pro-

cesses help us monitor and understand ongoing actions per-

formed by others. Once the observed action is completed, the

outcome, or the manner in which the action was performed, can

be related to our expectations about the observed action (action

evaluation).

In this article, we integrate research on the component

processes of action perception into a coherent framework,

taking a holistic perspective on action perception early
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in life and describing its temporal microstructure. In our

walk along the timeline of action perception, we start with

action priming, followed by action prediction and action

evaluation.

ACTION PRIMING

Once an agent has been identified, observers adjust their atten-

tion in accordance with the direction of the other. When a per-

son observes an agent look to the left, that person shifts his or

her attention in the same direction (7). This sensitivity to the

direction of others’ actions is expressed not only by overt gaze

shifts but by adjusting one’s attention in the absence of an overt

response; we attend more to a location in space even if we do

not look at it. To capture this latter form of attention modulation,

Posner (8) introduced a priming paradigm in which a centrally

displayed cue (eyes looking to the left in the previous example)

is followed by a peripheral target. Detecting a target is faster

when the target appears along the direction of the cue (congru-

ent condition; target appears on the left side in the previous

example) compared with the opposite direction (incongruent

condition; target appears on the right in the previous example).

Posner proposed that this priming effect results from a covert

shift of attention (internal orienting of visual attention preceding

observable eye movements) in the direction indicated by the

cue (8). Such priming effects have been observed in adults for a

range of stimuli, including arrows, referential human manual

gestures (9), and shifts of gaze (7).

Similar priming effects exist early in life. Infants detect targets

that appear at locations that are congruent with the direction of

human referential actions more rapidly than targets that appear

in noncued locations. More specifically, when infants identify

the direction toward which a gaze shifts (10) or a hand grasps

(9, 11) or points (12, 13), they shift their attention in the same

direction, resulting in the priming effect. This attentional shift in

the direction of others’ actions does not develop uniformly.

Instead, the priming effect (in infancy) is strongest for actions

that infants can perform. Priming is present at 3 months for gaze

shifts (10), emerges at 5–7 months in response to a static illus-

tration of a grasping hand (9), and appears around 12 months

for an image of a pointing hand (12). When the hand is moving,

priming with respect to pointing hands occurs at 4½ months

(13). Nonsocial stimuli that move in the same way as the hand

do not produce the same priming effect (11, 13).

Studies of the neural correlates of action priming have

recorded similar effects. In electroencephalography studies, the

priming effect, with respect to gaze, is indexed by temporal

parietal event-related potential (ERP) components N290 and

P400, both known to index social processing in early infancy

(14). The observation of static hands depicting a grasping or

pointing gesture yielded similar findings (15). With respect to

grasping, the P400 component differentiates congruent and

incongruent trials for 5- and 6-month-olds who are proficient

at grasping, but not 4- or 5-month-olds who are less proficient

at grasping. With respect to pointing, the P400 component

starts to differentiate congruent and incongruent pointing

between 6 and 8 months (16), and nears the adult response at

12 months (17).

Early in life, motion is apparently necessary for priming. For

example, movement per se is the determining factor underlying

priming of gaze direction in newborns (18), and a moving hand

primed pointing gestures for 4½-month-olds (13). ERP corre-

lates of priming from static hands emerge later, at 5 months for

grasping and at 9 months for pointing (15, 16).

Action priming occurs rapidly. In adults, the largest action

priming effect is evident when the central cue (e.g., a hand) pre-

cedes the peripheral target by about 300 ms (7, 19), illustrating

that agent identification and action priming take place < 300 ms

after onset of a social cue that directs attention. In infants, we

know less about the exact duration of these processes; typically,

much longer delays are used, such as 1,000 ms (9, 10) or

720 ms (12). In one recent study, action priming occurred as

quickly as 100 ms after stimulus onset at the age of 4½ and

6½ months. While priming occurred across a broader time range

in younger infants (100–500 ms), the time range was narrower in

the 6½-month-olds where priming occurred with a stimulus

onset asynchrony of 100 ms but not 500 ms (20). This is consis-

tent with research on adults, which suggests that priming effects

dissipate rapidly (e.g., 7, 19). Furthermore, ERP components dif-

ferentiate congruent and incongruent reaching and pointing at

~400 ms after stimulus onset (15, 16). Taken together, these

observations suggest that the time needed for infants to identify

the central cue and shift attention to the side is somewhere

between 100 and 500 ms. The latency periods of infants’ saccad-

ic eye movements range between 400 and 500 ms (21), suggest-

ing that the latency to fixation on the primed object is driven

largely by the delay of the oculomotor system.

This initial modulation of attention prepares infants for likely

events, but does not in itself yield an overt response or further

process higher order properties of actions, like goals or inten-

tions. In some instances in which more information is available,

action goals can be predicted using overt gaze shifts.

ACTION PREDICTION

Once an agent is detected and covert attention has been

deployed in the direction cued by the agent, further social infor-

mation processing can occur. When the appropriate information

is available (often actions that correspond with the observer’s

own motor repertoire; 22), both the goal of an action (23) and

the end point of an ongoing action (24) can be predicted using

overt gaze shifts (22).

When observing someone else reach for and manipulate an

object, adults disengaged from the hand just after the hand starts

to move (at 38 ms; 25) and fixate on the goal of the ongoing

action just before the hand reaches this location (at 150 ms; 25).
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Fixating the goal before the hand arrives and disengaging

rapidly from the hand while initiating action are two ways adults

predict what will happen next.

In what we think is the only study (26) to measure disengage-

ment time (when the individual’s gaze moves away from the

hand toward the goal) in infants, 10-month-olds moved their

gaze from a moving hand ~300 ms after the hand started to

move toward the goal. Most often, infants moved their eyes once,

landing close to the goal 100–200 ms before the hand reached

this position. This study highlights the rapid nature of social

perception and explains the temporal structure of predicting

action; babies needed only 300 ms of movement information to

disengage and accurately predict goals.

We argue that the predictive disengagement from the hand

toward the goal is supported by a covert relocation of attention

(as described in the priming section earlier). Seeing the hand

configuration and the direction of the arm prior to the initiation

of the actual reaching action may be sufficient to cue direction-

ality and prepare the action-perception system for upcoming

actions. This connection between covert priming and overt pre-

diction is not supported directly by empirical findings, but

should be viewed as a core component of this proposal.

Once the hand starts to move, many sources of information

are available to initiate predictive eye movement. Several stud-

ies have demonstrated that an infant’s ability to perform the

observed action is essential (26–28); infants generally predict

goals only for actions they can perform. Other factors that con-

tribute to an infant’s ability to make predictive eye movements

include prior visual experience with the observed events (24),

saliency of the goal (29), and the effect of a distal goal on

infants’ interpretations of immediate, here-and-now actions (e.g.,

reaching for an object that will be displaced later versus reach-

ing for an object that will be placed inside a container later,

23), individual or joint actions (30, 31), and interaction style

during conversations (32, 33).

So far, we have reviewed three processes (agent identification,

action priming, and action prediction) that depend on each other

and are organized hierarchically. The two central components,

action priming and action prediction, are rapid processes that

operate on a time scale of a few hundred ms. They occur while

the observed action is being performed and are constrained by

the time and information available. Once an observed action is

completed, plenty of time remains to evaluate the manner in

which the action was conducted (34) and the goal achieved by

the action (35). In the next section, we target the final process in

the timeline of social information processing, action evaluation.

ACTION EVALUATION

Action evaluation typically takes place after an observed

action has been terminated and the goal is achieved. Action

evaluation is usually measured via infants’ reactions to events

that are in congruence with, or that violate, their expectations.

This violation of expectancy is often referred to as a surprise

reaction that results in increased attention toward unexpected

events compared to expected events. This change in attention

can be assessed via several dependent variables, such as look-

ing time (e.g., 35, 36), pupil diameter (e.g., 37, 38), and ERPs

(e.g., 39).

Much of our knowledge about infants’ social perception stems

from studies of action evaluation. For example, this research has

demonstrated that infants encode the goals of both complete

(35) and incomplete grasping actions (34, 40). Among several

behaviors, infants recognize the goal-directedness of successful

and failed reaching actions (41), and they recognize the goals of

action sequences (42).

When compared with action priming and prediction, action

evaluation tasks are not temporally demanding. As an example,

infants in the seminal study by Woodward (35) were given up to

120 seconds (s) to detect an action and respond with surprise

and enhanced looking time. However, this long response time

was not necessarily related to the prolonged processing require-

ments of action evaluation, but rather to limits inherent to look-

ing-time paradigms.

Recent advances allow us to pinpoint the temporal structure

of action evaluation with higher resolution. For example, pupil

diameter differs not only with respect to changes in luminance,

but also with alterations in attention generated by changes in

Figure 1. Suggested timeline of action perception and the minimum duration of the three component processes (priming, prediction, and evaluation) tar-
geted in this review.
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cognitive load, arousal, or action evaluation (38). When 4-, 6-,

and 12-month-olds observed feeding actions that were unex-

pected (the food was not brought to the mouth but to the food

recipient’s hand), their pupils dilated more than when they

observed expected feeding actions (the food was brought to the

recipient’s mouth; 37). These responses occurred within 3 s of

the onset of an image or critical event in a movie (37).

Similarly, electroencephalographic responses to observed

events indicate the cognitive processing of an observed event

and the observer’s reaction to whether an event is perceived as

expected or unexpected. For example, in one study (39), babies

were shown a sequence of images depicting actors picking up

food and bringing it toward their mouths or their foreheads.

Beginning at 9 months, infants showed a negative component in

their ERPs at ~700 ms after stimulus onset that was signifi-

cantly larger when the infants observed an unexpected com-

pared to an expected action outcome. This finding suggests that

infants do not need much time to evaluate observed events and

relate them to prior expectations. Similar to action priming and

action prediction, core components of action evaluation occur

within the first second (39). At the same time, most measures of

action evaluation require longer time spans for infants’ reactions

to be recorded. These findings fit well with the notion that action

evaluation in infants occurs after the other processes mentioned

earlier; action priming occurs after 100–500 ms and action pre-

diction occurs within 300–500 ms of stimulus onset, whereas

the earliest sign of action evaluation occurs 700 ms after the

event (see Figure 1). Given that the microstructure of action

perception can be segmented into distinct processes that are

mutually dependent, the input for action evaluation may be

richer than for the other two processes. The outcome of the

action is observable and urgent time constraints are not imbed-

ded in the process (the time available for action priming and

action prediction is, by default, more limited).

CONCLUSION

In this article, we sought to decompose the timeline of action

perception and propose a series of four distinct component pro-

cesses that occur in sequence: agent identification, action prim-

ing, action prediction, and action evaluation. This proposal is

derived from separate studies of each process and a belief that

sequential social perception processes interact to create rich,

complex, and time-dependent perceptions of the social world.

The model proposed here has not been tested directly. We know

that the four processes differ with respect to the amount of infor-

mation that is, or is not, available. They all have different input

and temporal requirements, and vary in the mechanisms used to

process social information. To understand more fully the rich

social world of infants, we need to pay more attention to the

temporal structure of social perception and ask what information

is available to infants and how this changes over time.
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