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ABSTRACT

Inferring the goals of other people’s actions is an important aspect of early social cognitive development. Using an experimental
manipulation, we investigated the role of infant motor processes in the processing of action they see performed by another
person. We designed a procedure in which we inhibited infants’ concurrent access to motor representations of precision
grasping as they observed the reach-to-grasp action of an adult experimenter. In a within-subjects design, 48 12-month-olds
watched adult reach-to-grasp actions under two conditions of hand posture in randomly-assigned order: (a) hands free and
(b) hands constrained in a manner that blocked their grip formation. Infant looking times were measured as an experimenter
reached toward large and small objects, using a power or precision grip type. Infants’ prior-existing fine motor skills were
assessed using a standardized parental report questionnaire. Results showed that infant looking times varied as a function of the
interaction between infants’ existing fine motor skill and their experimentally-manipulated access to motor representations of
the action (p = 0.017). The better an infant’s fine motor skills, the greater the reduction in their looking to the object congruent
with the actor’s grip type under the motor interference induced by hand constraint. This effect was particularly pronounced
during the precision grip trials (p = 0.032). These findings advance our understanding of the role that infants’ self-experience
plays in the processing of the manual actions of others. More generally, such results inform theories about the functional
significance of action perception-production links in early human development.

1 | Introduction
2013; Schwarzer and Jovanovic 2024).
During the first year, infants can predict the goals or endpoints of

desires, goals, and intentions of other people (e.g., Meltzoff 2007,

other people’s actions. They anticipate that adults will bring
functional objects like cups and hairbrushes to the relevant target
(mouth or hair; Hunnius and Bekkering 2010), and they look
longer at a scene when an adult switches the target of their reach
from a previously-established one (Woodward 1998). Such action
processing is theorized to be a precursor to later social-cognitive
development, because it provides infants with patterns of
behavioral data with which to enrich their understanding of the

There is a rich and varied empirical literature on how motor
processes and action experience may influence infants’ percep-
tion and interpretation of others’ actions (e.g., Chung et al. 2022;
Gerson et al. 2015; Marshall and Meltzoff 2014; van Elk
et al. 2008). Here, we focus on reaching and grasping as funda-
mental, early-developing actions. Researchers have exploited the
development of different types of grips to explore interactions
between motor representations and action perception. In adults
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and school-age children, experimental interventions have been
designed to inhibit participants’ access to motor representations,
by placing the hands in an unusual posture as participants solve
various perceptual-cognitive tasks that may draw on motor im-
agery (e.g., Ambrosini et al. 2012; Sekiyama et al. 2014). In this
paper, we adapt this type of intervention approach for research
with infants.

1.1 | Motor Processes in Infant Action Perception
A substantial empirical literature has described how infants
learn to predict and encode other people’s actions. By 6 months
of age, infants predict the outcomes of familiar adult actions
(e.g., Hunnius and Bekkering 2010; Woodward 1998). There are
multiple theoretical accounts about how such action processing
develops, and these perspectives are not mutually exclusive (Ni
Choisdealbha and Reid 2014). One prominent view is that in-
fants’ experience of performing actions affects their action
perception (for reviews, including critical perspectives, see
Bertenthal and Boyer 2025; Hunnius and Bekkering 2014; Ni
Choisdealbha and Meltzoff 2025). There is also evidence that
infants encode the outcomes of actions that they cannot
(or cannot yet) perform (de Klerk et al. 2016; Southgate
et al. 2008), which suggests that there must be action percep-
tion processes that are not fully dependent on the infant’s own
experience. Nonetheless, many studies have demonstrated an
effect of acquiring motor skills or experience on infants’ action
perception (e.g., Cannon et al. 2012; Sommerville et al. 2005;
Stapel et al. 2016)—in other words, some form of perception-
production link.

There are multiple mechanisms through which motor experi-
ence could affect perception. These are summarized by
Schwarzer and Jovanovic (2024) as: (a) improving statistical
inference; (b) generating new conceptual knowledge; as well as
(c) providing internal motor models of actions. Historically, it
has been challenging to disentangle the effects of visual versus
motor components of active experience on action perception.
On the one hand, it may be that production experience provides
infants with an internal motor representation that they can use
to process the observed action and infer the end-state. On the
other hand, it may be that as infants gain production experience,
they have more self-generated occasions to see that action, thus
improving their statistical or conceptual representation of that
action independent of the motor components of the experience.
These alternatives are neither mutually exclusive nor exhaus-
tive, and both could be at work simultaneously (e.g., Meltzoff
and Brooks 2008; Skerry et al. 2013).

For example, in the “sticky mittens” paradigm, 3-month-old
infants are given experience picking up objects through the
use of special mittens which adhere to the objects they reach out
and touch. Infants given sticky mittens training look longer
when an actor changes the target of their reach, while those
without such experience do not (Sommerville et al. 2005). The
outcome of training, however, may not be due to the motor
experience in and of itself, but to the additional conceptual,
statistical, or physical-causal information obtained through
active experience (Liu and Almeida 2023; Woo et al. 2024).

Consequently, disentangling the effects of motor models of ac-
tion from other visual, statistical, or conceptual models could
help to clarify the specific role of motor processes per se in
action perception.

1.2 | Motor-Related Brain Activity and Action
Perception

One approach that has been taken in infant neuroscience
studies is to record the desynchronization of the motor-related
EEG mu rhythm in infants while watching goal-directed ac-
tions (Marshall and Meltzoff 2014; Nystrom 2008; Nystrom
et al. 2011; Southgate et al. 2009, 2010). There is evidence that
mu desynchronization is linked to infants’ own experience with
action production. Studies have shown greater mu desynchro-
nization in 9- to 14-month-old infants to familiar than to
novel actions, with the strength of the response modulated by
various experiential factors including motor training (Gerson
et al. 2015), competence at performing the relevant motor
behavior (Chung et al. 2022), and months of experience after a
relevant motor milestone was first reached (van Elk et al. 2008).

Similar to the behavioral evidence, the link between mu
desynchronization and action experience in infants does not
negate that multiple processes—motor, statistical, and
conceptual—may be at play. For example, observational-only
learning of statistical action probabilities leads to more mu
desynchronization in 18-month-olds during prediction of an
upcoming action (Monroy et al. 2019), and infants show mu
desynchronization in response to actions they cannot (or cannot
yet) perform (de Klerk et al. 2016; Southgate and Begus 2013).
These, and other findings raise interesting questions about the
precise motor representations or models elicited when mu
desynchronization is documented in infants (de Klerk
et al. 2015; Marshall et al. 2011; Saby et al. 2013).

While acknowledging that there are multiple possible and
complementary routes to the development of action perception
and related neural processes, there are many findings suggesting
that infants’ neural motor representations may be influenced by
experience (e.g., Chung et al. 2022; Gerson et al. 2015; van Elk
et al. 2008). However, these studies do not necessarily show that
motor experience directly alters how infants interpret or process
the action in a manner separable from the visual, statistical, or
conceptual experience that is also obtained via the motor per-
formance. To more directly examine the role of motor processes
in action perception, we consider behavioral research paradigms
which have exploited infant looking behavior to draw inferences
about infants’ perceptual anticipations about others’ actions.

1.3 | Production and Perception of Different
Types of Grip

Reaching to grasp is a goal-directed action which has formed the
backbone of infant action perception research. Infants’ own
experience of reaching and grasping has been linked to action
perception using multiple measures, including looking times
(Sommerville and Woodward 2005), predictive looking (Cannon
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et al. 2012; Melzer et al. 2012), and event-related potentials (Ni
Choisdealbha et al. 2025). While the emphasis has often been on
the goal of the action, variations in grasping illustrate how in-
fants encode the form and dynamics of action performance,
including hand orientation (Bakker et al. 2015; Bakker
et al. 2016) and grasping errors (Meyer et al. 2016).

Precision and power grips can both be used to achieve the goal
of grasping, but differ from each other visually, motorically, and
in terms of which objects afford each grip type. Infants learn to
use power grips first. The emergence of the precision grip is a
particularly important transition in motor development.
Although infants begin to use the thumb in grasping from four
or 5 months of age (Halverson 1931; Newell et al. 1989), thumb-
to-forefinger (i.e., precision) grasping does not become readily
available to infants over whole-hand (i.e., power) grasping until
eight to 9 months of age (Butterworth et al. 1997; Halver-
son 1931). Crucially, there is considerable inter-individual
variability in the development of the precision grip. For
example in Touwen’s (1971) study of 27 infants, the precision
grip emerged between 6 and 10 months. Butterworth
et al. (1997) reported that the most sophisticated form of pre-
cision grasping, the pincer grip, was demonstrated by few 6- to
8-month-olds, about half of 12- to 14-month-olds, and all of the
15- to 20-month-olds in their sample.

Thus, across the latter half of the first year, most infants acquire
experience of grasping with both power and precision grips,
albeit at different developmental times. Infants also learn to
distinguish between these grips as used by others. Daum
et al. (2009) found that at six and 9 months, infants looked
longer at a pictured grasping outcome that was incongruent
with the actor’s hand posture during reaching. For example, if
the original reaching posture was a wide hand shape, infants
looked longer at a pictured end-state in which the hand grasped
the narrow handle of the cup than one in which it grasped the
wide, round body of the cup.

The general goal of “grasping” can be achieved by both power
and precision grips, but it is possible that self-experience (motor,
visuomotor) with both precision and power grasping (and their
different affordances) would help infants to distinguish between
them in the context of action perception. Across multiple
methodologies, relations have been found between precision
grasping ability and perception of such actions. Employing a
preferential looking paradigm, Daum et al. (2011) found that 6-
month-olds who used thumb opposition looked longer at an
incongruent grasping action outcome, while those who used
only palmar grips did not. Using predictive looking, Ambrosini
et al. (2013) found that infants from 8 months of age anticipated
the target of a reaching action with a precision grip, and
anticipation was related to the infants’ own grasping ability.
Filippi and Woodward (2016) found that 13-month-olds’ ability
to pre-shape their own hands to successfully grasp an object was
significantly related to how quickly they anticipated the goal of
an actor’s reach based on the hand shape. In a habituation
paradigm, Loucks and Sommerville (2012) found that 10-
month-olds who could successfully use a precision grip to
retrieve an item from a narrow tube responded differently to
changes in grasping actions than infants who could not perform
functional precision grasping. Specifically, while both groups

dishabituated when the actor’s grip shape changed, only the
precision graspers dishabituated when the grip became non-
functional.

1.4 | Adult Studies of Motor Imagery and Motor
Interference

The foregoing findings invite us to dig deeper into the question
of how action experience affects infants’ action perception.
Although neural motor activation occurs during action obser-
vation, it is not clear whether this activation plays a role in
helping infants process the observed event. We reasoned that
one experimental approach that may be useful in making this
distinction in infants is to examine what happens when motor
representations are blocked or inhibited.

In adults, brain stimulation methods like transcranial magnetic
stimulation (TMS) have been used to investigate the effects of
targeted stimulation over premotor areas (Avenanti et al. 2013).
Targeted magnetic stimulation to the premotor (inferior frontal
cortex) region disrupts recognition of power and precision grips,
and processing of new action goals (Jacquet and Ave-
nanti 2015). However, restrictions in the use of TMS in research
with infants mean that alternative interference methods must
be found. A non-invasive behavioral paradigm used with adults
found that anticipatory looking toward the target of a simple
action (placing balls in a bucket) was disrupted by an active
motor task (tapping the fingers) but not by a working memory
task (Cannon and Woodward 2008). The authors interpreted
this as suggesting that interference with the motor system, via
performance of an unrelated motor task, disrupts action
perception.

In adults, it has also been found that directly manipulating
hand posture influences performance in tasks requiring motor
imagery of the hand. For example, in the hand laterality task
(HLT), people typically determine whether a visually-presented
hand is a left or right hand by mentally rotating a motor
representation of their own hand into the same position.
Response times increase when the person’s performs this
perceptual judgment task when their own hand is placed in an
unusual spatial position (Ionta et al. 2007, Ionta and
Blanke 2009; Ni Choisdealbha et al. 2011). Relatedly, it has
been shown that even a simple posture manipulation (flexing
the arms across the body) modulates the activation of HLT-
involved brain areas (specifically the intraparietal sulcus
[IPS]; de Lange et al. 2006).

In adults, the effects of posture manipulation are also manifest
in action perception tasks, including perception of grasping
actions. Using eye-tracking, it was found that binding adult
participants’ hands, so they cannot perform grasping actions,
results in later visual time-of-arrival at the target of a grasping
action (Ambrosini et al. 2012). It also results in slower reaction
times when asked to predict when an experimenter’s hand will
grasp an object (Craighero and Zorzi 2012). In a more intensive
motor interference approach, Toussaint et al. (2023) immobi-
lized participants’ dominant arm for 24 h, and found that this
reduced accuracy at determining how to grasp tools for specific
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actions (Toussaint et al. 2023). On a neural level, the congru-
ence between an adult’s hand posture and the end state of
planned or observed grasping actions affects IPS activity (Zim-
mermann et al. 2012, 2013). The results of these adult motor
interference paradigms have been used to support the idea that
adults use motor processing in perception of manual actions.

1.5 | Developmental Studies Using Posture
Manipulation

Developmental work suggests that motor constraints also affect
children’s performance in visual perception tasks likely to
engage motor processes. Sekiyama et al. (2014) did not manip-
ulate posture directly, but had grade school children engaged in
a hand laterality task hold a controller to prevent them from
solving the task using overt movement. In line with adult work,
they found that the more biomechanically difficult it would be
to rotate one’s hand to match the displayed stimulus, the longer
children’s response times. They also found that this effect was
strongest for the younger age groups, suggesting that younger
children were more reliant on motor processes in this task, and
less likely to switch to a different, non-motor strategy with
increasing task difficulty.

The findings of Sekiyama et al. (2014) suggest that children
engage motor processes in visuomotor tasks, but does not tell us
whether infants use motor processes in action perception tasks.
In infants, manipulations of posture or hand position have been
used in other contexts, specifically to study developmental
changes in multisensory integration (Begum Ali et al. 2015;
Bremner et al. 2008; Rigato et al. 2014). This work indicates that
experimental manipulations of posture in infants are at least
feasible. We reasoned that a new infant posture intervention
that specifically interfered with infants’ ability to form a thumb-
opposite grip, while infants observed an adult performing a
reaching action using that grip, could advance our under-
standing of the processes involved in infants’ perception of other
people’s actions. This motor interference approach contrasts
with active skill training (e.g., sticky mittens) and could help
dissociate motor and non-motor mechanisms underlying the
effects of training interventions.

1.6 | Rationale of Current Study

The aim of the current study was to examine whether
experimentally-imposed motor interference would alter infants’
perceptual processing of an action they observed another person
perform. We used a within-subjects, experimental approach.
Two postural conditions were used: one in which the infants’
hands were free and another in which the fingers were con-
strained in a posture that prevented production of a thumb-
opposite grip. We examined infants’ looking times to the loca-
tions of two objects during an event in which an adult experi-
menter reached with a hand pre-shaped in a power or precision
grip toward these two objects, from which the hand was equi-
distant. One object was congruent with the power grip and
incongruent with the precision grip, and vice versa for the other
object.

We recruited 12-month-olds because by this age, virtually all
typically developing infants should have experience in per-
forming and functionally using precision grasps (Butterworth
et al. 1997; Halverson 1931; Touwen 1971). Nonetheless, we
believed that variations in infants’ “priors” before participating
in the experiment—their level of motor skill—would play a role
in their encoding of the action during the study. To explore
individual variations in motor skills, we collected motor
development data via a parent-report instrument, the Early
Motor Questionnaire (Libertus and Landa 2013; Smith and
Libertus 2022).

2 | Methods

2.1 | Participants

Participants in the analytic sample were 48 infants (24 male, 24
female) at 12 months of age (M = 52.29 weeks of age, SD = 0.94,
range = 50.86-54.00 weeks). An additional four infants (three
female, one male) began the study but refused to wear the
postural manipulation tape or mittens and therefore were
excluded. The study took place in Seattle, Washington, USA. In
the analytic sample 75% of the infants were White, 4.17% were
Asian, and 18.75% had Multiracial backgrounds. For 93.75% of
the sample, at least one parent had a Bachelor’s degree or a
postgraduate qualification. One parent did not provide de-
mographic information. The 48 infants in the analytic sample
each had a minimum of 11 valid trials out of a total possible of
16 (M = 15.31 trials, SD = 1.09, range = 11-16; see below for
more details on trial exclusions and validity). Ethical approval
for the study was granted by the University of Washington
Institutional Review Board.

Prior to the study, a novel test apparatus and procedures was
devised through a planned pilot study, which included 15 in-
fants and provided data for power analyses. Because we planned
to use multilevel mixed effects models, and because conducting
a power analysis for such a model would require complex
simulation, we extrapolated the pilot effect sizes to a repeated-
measures analysis of variance (ANOVA) in G*Power (Faul
et al. 2007), which suggested an N of 38 infants, using a pro-
jected effect size of 0.36 for the effect of object congruence on
looking time (alpha error probability = 0.05, power = 0.95). We
over-recruited with a fixed stopping rule of 48 infants (24 male,
24 female) after exclusions for incomplete testing sessions.

2.2 | Materials

2.21 | Reaching Apparatus and Test Objects

We constructed a special apparatus, a “reaching chute” that
could be used to show infants a live adult reaching toward target
objects in a repeatable, controlled manner (see Figure 1). This
apparatus consisted of a Y-shaped chute constructed from matte
black plastic (0.5 cm thick). The main channel (the stem of the
“Y”) was 22.5 cm wide and 30 cm in length; each of the wings of
the “Y” was 30 cm long. The angle of the wings was 135°. This
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FIGURE1 | The Y-shaped reaching chute showing the objects and experimenter’s reaching actions. The photographs illustrate the two adult grip

types as the experimenter’s hand moves down the reaching chute at midline, equidistant from both objects. (A) The live experimenter displays a
power grip that is “congruent” with the large sphere. (B) The live experimenter displays a precision grip that is “congruent” with the small sphere.

Y-shaped set-up allowed the experimenter to reliably repeat a
controlled manual pickup event in 3-dimensional space.

The objects presented to the infant during the test trials were
pairs of yellow and red spheres and cubes. The sphere pair
consisted of small (1 cm diameter) and large (4 cm) spheres; and
the cube pair consisted of small (1 cm®) and large (4 cm®) cubes.
Each object was placed on a small mark on the apparatus
(Figure 1). There was 30 cm distance between the marks; the
objects were situated 70 cm from the edge of the table where the
infant was sitting, leading to a difference in viewing angle be-
tween the objects of 25° for the infant.

2.2.2 | Video Recording Equipment

Infants’ looking and grasping behaviors were recorded with
three digital cameras. The cameras recorded at a rate of 30
frames/s, and were synced by a time-generator which inserted a
time record at a frame-by-frame level. Camera-1 was a high-
definition camera focused on a closeup of the infant’s face,
torso and arms and recorded the infant’s behavior. Camera-2
was a high-definition camera situated behind the infant that
captured a view of the table, the apparatus, the experimenter’s
torso, face, and arms, and a portion of the back of the infant’s
head. Camera-3 was a standard-definition camera that provided
an over-head view showing the infant and their parent’s torso
from above. A microphone mounted alongside Camera-3
recorded sound. No portion of the experimenter’s behavior or
the test objects was visible in the Camera-1 or Camera-3 views,
enabling blind coding of the infant behavior.

2.2.3 | Infant Hand Posture Manipulation Materials

The experiment required test conditions in which the infant’s
hands were fixed in a posture that prevented or interfered with
emulation, overt or otherwise, of a grasping action as they
watched the adult’s reach and grasp. This was achieved by
gently taping the infants’ fingers into a particular posture

(described below). The tape used in this manipulation was one-
inch wide 3M Nexcare sensitive skin tape, which is often used to
affix sensors to adults, children, and infants in neurophysio-
logical experiments. The infant’s taped hand was then covered
with a commercially produced thumbless mitten. Infants
engaged in social interaction and play with the experimenter
before and after the placement of the tape and mittens.

Tolerance for the procedures was probably facilitated at this age
by the familiarity of mitten-wearing (e.g., for warmth, to pre-
vent face-scratching), and previous experience with adults
restricting infants’ hands (e.g., clasping of hands and fingers by
parents to prevent reaching for risky objects). Just as infa-
nts tolerate wearing other physical items during experiments
(e.g., EEG caps, head cameras), the hand restriction method we
developed was accepted by most of the 12-month-olds after a
short period of acclimation, and did not seem to affect
engagement with the adults and objects in their environment
(see “Results” section).

2.2.4 | Standardized Parental Questionnaire on Infant
Motor Behavior

Parents completed the Early Motor Questionnaire or EMQ
(Libertus and Landa 2013). We provided parents with the
questions suggested for infants of 12 to 13 months (Smith and
Libertus 2022) from the three EMQ subscales: (a) fine motor
skills (items 21-48), (b) gross motor skills (items 23-49), and
(c) perception-action (items 12-31). For the EMQ, skills and
behaviors are listed, and parents select an integer score be-
tween —2 and +2 for each skill, corresponding to how certain
they are that the child does not or does show that specific
behavior. The scores for each subscale—fine motor, gross
motor, perception-action—were obtained from the sum of all
numerical scores (—2 to +2) for each item in each subscale.
Missed questions were scored as 0. Resulting values were then
converted to z scores for each individual sub-scale, using the
mean and standard deviation values for this sample. The fine
motor subscale was most relevant to the empirical task used in
the current study.
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2.3 | Design

This study employed a 2 (infant hand posture) x 2 (adult grip
type) within-subjects design. More specifically, the first factor
was the experimental infant “hand posture” manipulation,
which had two levels: hands free or hand constrained. The in-
fant’s hands were free in one half of the experiment and con-
strained by tape in the other (counterbalanced order across
infants). The other experimental factor was the grip type dis-
played by the adult experimenter as she reached for the objects,
hereafter labeled as “adult grip type.” This had two levels: adult
power grip display versus adult precision grip display. Each
infant was presented with an equal number of trials in which
the adult grip type was in the precision versus power grip
(within each half of the experiment). The experimental design
had two blocks of eight trials, one block with the infant’s hands
free and the other with the infant’s hands constrained (fingers
taped). Within each block of eight trials, four trials involved one
pair of objects (e.g., a large and small yellow sphere, see
Figure 1), and the other four involved a second pair of objects
(e.g., a large and small red cube). For more details on coun-
terbalancing, see Supporting Information S1, Section 1.

On each trial the experimenter moved her hand down the
reaching chute (at midline, equidistant from the two objects),
displaying one adult grip type. On “power grip” trials, her
thumb and four fingers were wide apart, as if reaching for a
large object like a tennis ball (Figure 1A). On “precision grip”
trials her hand was held with the thumb and index finger close
together, as if reaching for a narrow object like a pen or cup
handle, and the remaining fingers flexed against the palm
(Figure 1B). For trials in which the experimenter was displaying
a power grip, the large object was termed “the target object,”
and labeled as being “congruent” with the hand grip (the small
object was labeled as “incongruent”). For trials in which the
experimenter was displaying a precision grip, the small object
was termed “the target object,” and labeled as being
“congruent” with the hand grip (the large object was labeled as
“incongruent”). The experimental question was whether the
infant would preferentially choose to look at the congruent
object as the experimenter’s hand came down the chute (at
midline, equidistant from both objects), prior to the experi-
menter committing to reach to the left or right object.

2.4 | Procedure

Experience of working with this age group during piloting had
indicated that most 12-month-olds required a warm-up period
to become used to seeing the apparatus and observing how the
experimenter used it, as is common in experiments with live
adults (e.g., Barragan et al. 2020). The structured warmup took
about 2 minutes and took place before the blocks of trials in
which the infants’ hands were free, and before those in which
their hands were constrained. A detailed description of the in-
fant warm-up period with the live stranger can be found in the
Supporting Information S1, Section 2.

2.41 | Test Trials

At the start of each set of experimental trials, the experimenter
selected the first pair of objects (spheres or cubes) in the
sequence for that particular child and, keeping them out of
view of the infant (behind the walls of the chute), drew the
child’s attention to herself by asking “What have I got?” or a
similar question. She then raised the objects into view above
the apparatus where the child could see and said “I've got
yellow/red balls/cubes!” as appropriate. She leaned forward
over the apparatus, placed the objects on the left and right
marks on the platform and sat back down. This meant the
infant was provided information that the experimenter had
seen and engaged with both objects in their respective loca-
tions. She then engaged in a series of four test trials strictly
following the order counterbalanced according to a previously-
determined sequence (see Supporting Information S1, Section
1), before standing up, removing the pair of objects and placing
them out of view behind the chute again, and repeating the
process with the next object pair. The counterbalancing means
that infants were exposed to equal numbers of each grip type
during placements and during trials, and thus viewing the
grips during placement was unlikely to differentially affect
their looking behavior.

The beginning and end of each trial was clearly defined. Each
trial began when the experimenter put her hand at the stan-
dard start position in which her hand was raised from below
the table edge on her side of the apparatus, just behind the
opening of the chute, and positioned centrally relative to the
walls of the chute. During each reaching act the experimenter
slowly moved her hand down the chute in a straight line while
displaying a particular hand grip size and keeping her eyes on
the center of the apparatus platform. The looking-time trial
ended just before the experimenter’s hand moved left or right
toward the target object. By experimental design this occurred
at a standardized location, when the experimenter’s wrist came
to the end of the chute (see Figure 1). Infant looking time was
measured while the adult was moving in a straight line, prior
to the moment that the adult moved her hand toward the left
or right fork of the “Y.” Any looks to the objects that occurred
before the infant looked at the middle of the scene, where the
experimenter was, were not counted because the infant would
not have seen the experimenter’s grip type. A trial was only
valid if the infant looked at the middle of the scene before the
end of the trial.

After the looking trial ended, the experimenter’s hand moved
laterally toward the congruent object. The object was picked up,
raised about 10 cm, and replaced on the platform. The experi-
menter then retracted her hand and placed it back below the
table before initiating the next reach down the chute. This
process was performed four times per object pair (two pairs of
objects per hand posture condition). At the end of this first block
of eight trials, the child’s hand posture was changed, from hands
free to hands constrained or vice versa, and a second block of
eight trials was performed.
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2.4.2 | Infant Hand Constraint Procedure

Before the block in which the infant’s hands were constrained
(hereafter, the “hands constrained” block), the experimenter sat
at the table at 90° from the parent and infant. As noted above,
and in Supporting Information S1, Section 1, the hand
constraint block was the first block of eight trials for half of the
infants, and the second block for the other half. Using toys to
distract the infant, the experimenter tore tape strips of approx-
imately 10 cm. She then gently took one of the infant’s hands
and wrapped the tape over the thumb and first two fingers,
ensuring that the thumb was fastened alongside the index and
middle fingers (Figure 2A). She then put one of the mittens over
the infant’s hand and repeated this process with the infant’s
other hand (Figure 2B).

2.5 | Data Scoring and Processing

2,51 | Looking Time: Measures

The primary outcome measure was the infant’s relative prefer-
ence for looking at the congruent versus the incongruent object.
To derive this measure, we first obtained the amount of time the
infant spent looking at the congruent and incongruent objects
respectively. In contrast to traditional two-alternative looking
time paradigms (e.g., the video-presentation paradigms in Daum
et al. 2009; Daum et al. 2011), our dynamic trials presented at
least three areas of interest to the infant: (a) the live experi-
menter’s reach-and-grasp movement and grip type, (b) the
congruent object, and (c) the incongruent object. This means
that there is a need to normalize preference between trials in
which the infant looked at the experimenter for the majority of
the trial, and those in which the infant looked at the experi-
menter only briefly, then fixated one of the objects.

In order to overcome this issue, we calculated looking times as a
percentage of the amount of time the infant spent looking at the
scene on each trial. Looking at the scene (hereafter, “engaged
looking time”) was defined as the time infants spent looking at

A.

P~

FIGURE 2

the objects, the experimenter, and the Y-shaped reaching chute;
and did not include time looking away from the scene (or time
when the eyes were obscured from the camera). On average,
trials were 3501 ms in duration (SD = 446 ms), and looking
engagement at the scene was 3059 ms (SD = 846 ms) per trial.
To calculate the relative preference score, we subtracted the
time spent looking at the incongruent object from the time spent
looking at the congruent object, and calculated this as a per-
centage of engaged looking time. Further information on the
appropriateness of this approach to the dependent variable,
relative to other approaches, is considered in the Supporting
Information S1, Section 3.

A secondary measure was gaze arrival, which provides a mea-
sure of anticipatory looking behavior (e.g., Cannon et al. 2012;
Falck-Ytter et al. 2006; Melzer et al. 2012). The time at which
the infant first looked to the congruent object in a given trial
was subtracted from the time at which the experimenter’s hand
touched the object, providing a gaze arrival value (expressed in
milliseconds). Positive values indicate an “anticipatory look,”
and negative values a “reactive look.” The gaze arrival analysis
and results are reported in the Supporting Information S1,
Section 4. The pattern of gaze arrival findings is substantially
the same as the primary outcome measure. Gaze arrival or la-
tency has been used in some dual-target looking paradigms
(Ambrosini et al. 2013; Filippi and Woodward 2016), however
pilot data had indicated that the extended length of trials in the
current paradigm (3 s, vs. 1 s in other paradigms) permitted
visual exploration via multiple gaze shifts before the target ob-
ject was reached. Consequently, overall looking preference was
chosen as a more appropriate measure.

2.5.2 | Looking Time: Scoring

ELAN was used to score the videos in multiple stages. Trained
coders were instructed to mark onsets and offsets of the trials
and of the experimenter’s grasping-to-lift action on the object
(henceforth, the object-lifting period). These coders also made
note of any invalid trials, for example if the parent pointed to or

| The tape and mittens used for hand constraint. (A) Experimenter in the process of applying tape to an infant’s hand. (B) One taped

hand with the mitten covering it and the other hand taped in final preparation for covering the hand with the mitten.
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named one of the objects, or if one of the objects rolled out of
place during the trial. More detail on these scoring procedures is
provided in Supporting Information S1, Section 3.

The ELAN files containing the trials and the Camera-1 (infant)
and Camera-3 (overhead) videos showing the infant only were
provided to a different trained looking-time coder who was
blind to both: (a) the purpose of the study and (b) the parental
EMQ responses. Because this coder did not have access to
Camera-2 (showing the experimenter), they remained blind to
the experimenter’s grip type and to the location and features of
the objects on the platform. This coder scored where the infant
was looking frame by frame (scored as “right”, “left” or “mid”)
on the basis of Camera-1 (infant) footage. The “mid” category
referred to the area in between the objects, which encompassed
the experimenter and the center of the chute, that is, looking
engagement to the scene that was not specifically at the
congruent and incongruent objects. As noted in the procedure
section, a “mid” look was required before infants’ looking
behavior in the trial could be counted as valid. That is, infants
needed to look to the area where the actor’s hand grip shape was
displayed before the infant’s looking to the objects could be
meaningfully counted as looking to a “congruent” or “incon-
gruent” object. Camera-3 (overhead) was used if needed to
confirm the position and rotation of the infant’s head. The coder
also scored frames as “obscure” when the infant’s eyes were
hidden (e.g., behind a hand) or out of frame, and “away” if the
infant was not looking at the scene. Every frame from the onset
of the trial to the offset of the object-lifting period was scored.
Once this was done, the coder also made note of the first valid
look (i.e., after the first “mid”) to the right and to the left in each
trial.

A second coder scored 24 videos (50% of the sample). Frame-by-
frame agreement was 94.65% of frames, with a range of
88.69%-99.29% per infant. Overall Cohen’s kappa was high,
x = 0.91, with a per-infant range of 0.84-0.98. After the first and
second coders had completed their scoring, the coders who had
inserted the onsets and offsets of the trial and the object-lifting
period added another tier to the ELAN files to record the color,
shape and location of the target object. They also recorded
whether the experimenter’s hand was shaped for power or
precision grasping.

2.5.3 | Data Processing

Custom code was written in Python to convert the “left” and
“right” looks recorded in the video-coding software to congruent
(i.e., location of the look matched location of the target object)
and incongruent categories. Invalid trials were removed, and the
total amount of time each infant spent looking at the congruent
and incongruent object in each trial (after their first look at the
“mid” location) was calculated, as was the amount of time
spent looking at the “mid” location. “Engaged looking time” per
trial was computed as the total amount of time looking at
“congruent,” “incongruent,” and “mid.” For each valid trial, the
difference in looking to the congruent versus incongruent object
(numerator) was divided by the amount of engaged looking time
(denominator) for each infant, and converted to a percentage.

These percentages were then averaged per infant, per block
(hands free or constrained) and per adult grip type (power or
precision grip) to obtain each data point.

Potential data points were removed if the infant looked at
neither the congruent nor the incongruent object during the
trials. Thirteen values were removed because of these zero
values (infant did not look at either congruent nor incongruent
object), and one additional value was removed for being more
than 3.5 standard deviations below the mean. The final pro-
cessed sample contained 178 datapoints (of a potential 192),
with 12 individual infants losing one datapoint each and one
infant losing two datapoints. Dropped datapoints were spread
across conditions.

2.6 | Analysis Plan

The data were analyzed in a linear mixed effects model (LMEM)
using the ImerTest package in R (Kuznetsova et al. 2017). The
fixed experimental factors were infant hand posture condition
(hands free or constrained), adult grip type (power or precision),
and the interaction between these factors. The factors were
contrast-coded, with the hands free condition set to —0.5 and the
hands constrained condition set to 0.5. For adult grip type, po-
wer grip was set to —0.5, and precision grip to 0.5. The infants’
fine motor EMQ subscale z scores were also entered into the
model, along with their two- and three-way interactions with
the experimental factors. There was a random intercept on
participant identity and a random slope on adult grip type. The
results of an analysis including all three EMQ subscales are
reported in Supporting Information S1, Section 5.

3 | Results

In descriptive terms, infants spent on average 20.90%
(SD = 13.12) of engaged looking time looking at the objects. The
majority of infants’ looking was therefore toward the “mid” area
of the scene, encompassing the actor and the center of the
chute. This is unsurprising, given that a dynamic action of a live
person occupied this area, and that these are older 12-month-old
infants likely to investigate multiple elements of a scene. The
size of the model estimates reported below should be interpreted
in this light.

The main results are reported in Table 1. The statistical model’s
fit to the data was better than that of a model with random
effects only, x> (7) = 28.74, p = 0.0002. The non-significant
model intercept suggests no overall preference for either the
congruent or incongruent object (83 = —1.30, SE = 0.94,
p = 0.18). There was a main effect of adult grip type (8 = 7.86,
SE = 1.76, p < 0.001), indicating that infants’ relative preference
for looking at the congruent versus the incongruent object was
greater when the adult displayed the precision grip. There was
no main effect of infant hand posture (p = 0.622; congruent
preference in hands free condition: —1.70%, SD = 13.56, range
—37.32 to 39.02; and in hands constrained condition: —0.77%,
SD = 10.53, range —27.16 to 27.67).
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There was a significant two-way interaction between infant
hand posture and the EMQ fine motor score (8 = —4.02,
SE = 1.65, p = 0.017), as shown in Table 1. This indicates a
statistical relation between infants’ parent-reported fine motor
skills, and infants’ change in their relative preference for look-
ing at the congruent versus the incongruent object in the hands
constrained condition. Infants with higher fine motor scores
showed a greater reduction in preference for the congruent
object during the posture manipulation that constrained their
hand-grip movement. There was also a three-way interaction
between infant hand posture, EMQ fine motor score, and adult
grip type, indicating that this effect was particularly pronounced
for trials in which the adult displayed the precision grip type
(B=-7.19, SE = 3.30, p = 0.032). This interaction is depicted in
Figure 3 in the difference between the upper and lower right-
hand quadrants (Figure 3B,D).

We also examined whether the infants may have spent less time
looking at the overall scene in the hands constrained condition
if the presence of the tape or mittens distracted them. Using

overall raw looking times (in s), we conducted a t-test to
compare the hands constrained and hands free conditions on
infants’ engaged looking time. There was no effect of infant
hand posture on engaged looking time, (t (47) = 0.699,
p = 0.488). Infants spent a mean of 2.94 s (SD = 0.54 s) engaged
with the scene in each hands free trial, and 3.00 s (SD = 0.58 s)
in each hands constrained trial, suggesting that they were not
more distracted when wearing the tape and mittens.

4 | Discussion

Historically, a link between manual action perception and
production in infants has been shown by using one of two
methods: (a) relating infant motor skills to their processing of
other people’s reaching and grasping actions (e.g., Daum
et al. 2011; Loucks and Sommerville 2012), or (b) by providing
infants with new motor experiences and then examining effects
on action perception (e.g., Sommerville et al. 2005). In this
study, we took an alternative approach.

TABLE 1 | Model estimates of predictors for infant looking behavior.
Variable Estimate SE p-value
Infant hand posture 0.781 1.578 0.622
Adult grip type 7.858 1.756 < 0.001
EMQ fine motor z score 1.125 0.974 0.254
Infant hand posture x adult grip type 0.865 3.153 0.785
Infant hand posture x EMQ fine motor —4.015 1.650 0.017
Adult grip type x EMQ fine motor —1.058 1.820 0.564
Infant hand posture x adult grip type x EMQ fine motor —7.190 3.297 0.032
Intercept —1.304 0.943 0.175
Note: Bold type indicates significant beta estimates.
Abbreviation: SE, standard error.
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EMQ Fine Motor Score (z-scored)

Relations between EMQ fine motor score and looking behavior. Scatter plots with linear trend lines illustrating the effect of fine motor

score on the difference in relative preference for the congruent versus incongruent object, by adult grip type and infant hand posture condition.

Shaded area indicates SE.
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We used a within-subjects experimental manipulation of hand
posture to explore whether inhibiting infants’ ability to match
their hand posture to an actor’s would alter their action
perception. This own-posture manipulation influenced 12-
month-old infants’ perceptual processing of others’ actions.
Crucially, the effect of the hand constraint manipulation
differed based on infants’ “priors.” That is, infants with better
fine motor ability, and by extension those with increased or
better quality self-experience of producing manual actions, were
more affected by the experimental manipulation. We interpret
these results to indicate, potentially, that a combination of prior
self-experience and real-time motor interference during the
experiment can play a role in how infants understand the
perceived actions of others.

The main question posed by this work was whether the
experimentally-assigned hand posture manipulation would
affect infants’ looking to the goal of an action based on its
congruence with the experimenter’s hand shape. Our initial
hypothesis, based on work with adults (Ambrosini et al. 2012;
Craighero and Zorzi 2012), was that putting the infant’s hands
in a posture that blocked any re-enactment of precision grips
(and other forms of thumb-opposite grasping) would interfere
with their access to motor representations of similar actions
(referred to as “motor interference”). We did not find this as a
main effect. Prior research suggested that infants with better
motor skills, particularly fine motor skills, may be better able to
determine which of two possible targets an adult was reaching
for based on the adult’s type of grip (e.g., Daum et al. 2011, in a
paradigm with hands free conditions only). We did not find
such an effect in our dataset.

We did find, however, that the change in infants’ relative
preference for the congruent versus the incongruent object
under the hand constraint differed depending on their fine
motor ability. Specifically, the higher infants scored on a
parent-report motor ability questionnaire, the greater the
reduction in their preference for the congruent object under
the hand posture constraint. The three-way interaction be-
tween infant hand posture, adult grip type, and fine motor
score indicates that the above-described effect was more pro-
nounced in trials in which the actor used a more advanced grip
type, specifically a precision grip. The better the infant’s own
fine motor skills, the more impacted they were when motor
processes were inhibited—particularly for the action in which
the adult grip type required more fine motor skill.

On a theoretical level, these results present a challenge both to
views that action perception relies solely on production, and
views that production has no effect. One way to account for the
results is that they highlight the role of motor models and of
embodied processes in infant action perception. The objective of
using experimentally-induced motor interference was to
examine the role of motor processes independent of infants’ self-
experience (in which prior visual, conceptual, and statistical
processes can play a role). However, the effect of posture
manipulation on relative preference for the congruent object
varied as a function of infants’ own fine motor skills. Although
active motor processes may play a role during infant action
perception, this may not be independent of individual differ-
ences in motor ability, and the visual, conceptual, and statistical

information picked up through such prior motor experience.
Thus, the pattern of findings obtained are not easily explained
by accounts of the infant perception-production link that are
singularly limited to, or which wholly reject, the role of
concomitant motor processes.

The results suggest that multiple factors, not only motor expe-
rience, need to be considered. For example, infant looking
preferences can differ based on task-related factors, including
novelty, familiarity, and complexity of the task (e.g., Hunter and
Ames 1988). The absence of an overall congruent object pref-
erence may have been the result of opposing looking prefer-
ences for the power versus precision grip trials. Using the
Hunter and Ames model, one might speculate that the power
grips (which appear earlier in infants’ repertoires than precision
grips) may be highly familiar to infants at 12 months. This may
have led to a “novelty” preference during the power grip trials
(i.e., an interest in the incongruent object), and to a “familiarity”
preference during precision grip trials (an interest in the
congruent object, as the infants were working to process the
event). This posthoc speculation was not originally anticipated,
and thus requires further research to investigate. We raise it to
illustrate the value of remaining open, at a theoretical level, to
the role of multiple factors.

4.1 | Relations to Existing Work

The present findings are consistent with an account of infant
action perception that proposes motor processing as one
component involved in infants’ perception and interpretation of
other people’s actions. However, there are some nuances, both
in the empirical approach and in the pattern of results, that
need to be borne in mind. One difference in our results relative
to existing work is that we did not find an overall significant
preference for either the congruent or incongruent object as a
main effect. This differs from previous work in which it was
reported that infants as young as 6 months of age made antic-
ipatory looks to an object congruent with the shape of a
reaching hand (Ambrosini et al. 2013) and looked longer to a
static action outcome incongruent with the reaching hand’s
original power or precision grasping shape (Daum et al. 2009;
Daum et al. 2011). Given the dynamic nature of the action in the
current study, and that the key stimulus was a reaching action
(rather than a grasping outcome), we expected infants to exhibit
a congruent object preference, that is, to spend more time
looking at the object upon which they expected the action to
conclude. Different methodologies may lead to different looking
patterns.

A more substantial divergence from prior work was the type of
empirical approach taken. An experimental manipulation of
infants’ own hand posture was used to interfere with the use of
motor representations during the action observation event. This
allows us to advance our understanding beyond extant research
in at least two ways. First, in previous research, motor skill as-
sessments and reports of prior experience have been used as
proxy measures of motor processes during action perception,
based on the assumption that infants with less experience will
have weaker or absent motor representations of those specific
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actions (Colomer et al. 2023; Gerson et al. 2015; van Elk
et al. 2008). Second, much of the existing work relating action
perception and production has hinged on between-subjects
comparisons of infants who do or do not exhibit specific motor
skills, or has examined the effects of training in new skills (see Ni
Choisdealbha and Meltzoff 2025, for a review). We approached
the question from the opposite direction. Instead of asking
whether motor experience—which could be naturally acquired,
or induced through experimentally-assigned training—affects
action perception, we tested infants who already had certain
motor skills and used an experimental manipulation to investi-
gate whether interfering with their concurrent access to motor
representations affects their action perception.

While our interference method took a different approach than
prior infant work, there are points of convergence in the results,
which are of interest for theory. For example, although we did
not find a main effect of the hand posture manipulation, we did
find that the effect of hand posture manipulation on 12-month-
old infants’ looking behavior differed by their fine motor ability,
and was more pronounced for infants with better fine motor
abilities. This pattern of findings aligns well with previous work
reporting that infants’ ability to perform a precision or thumb-
opposite grip alters action perception (Ambrosini et al. 2013;
Daum et al. 2011; Loucks and Sommerville 2012). Indeed, the
fact that hand posture manipulation had a more pronounced
effect on infants with better fine motor ability, and on trials in
which the perceived action involved fine motor skill, suggests
that the hand posture manipulation paradigm disrupted infants’
ability to use existing motor representations to parse an ongoing
action. Infants with less developed fine motor representations
may not have been affected as much by the motor interference
because they were less inclined to use those representations to
resolve the task.

4.2 | Limitations and Future Research

We acknowledge several limitations in this work. This first is
that the restriction of the infants’ hands may have caused
changes in their looking behavior independent of the hypothe-
sized motor interference. We did not find evidence that infants
were more distracted in the hands constrained trials, because
their engaged looking time was nearly identical in each condi-
tion; 2.96 s in hands free versus 3.00 s in hands constrained. In
future work, the introduction of experimentally designed con-
trol conditions is possible, e.g. by using “control taping” which
does not affect grasping, or by examining the effects of motor
interference of one part of the body on looking to actions using
other parts (e.g., kicking).

A second limitation is task complexity, given the dynamic scene
shown to the infant by a live actor. In the current paradigm,
there were two potential target objects, and their congruence
was determined in relation to a third stimulus—the grip type
displayed by the experimenter. Moreover, to reduce predict-
ability, the experimenter’s target changed from the large to the
small object from trial to trial, and from cube to sphere every
four trials. Further complexity was introduced by the two

different adult grip types, power and precision grips, were each
displayed by the same experimenter on different trials according
to the counterbalancing schedule. The variation of the multi-
trial procedure and resultant complexity may have increased
cognitive demand.

Third, and related to the above, the main effect of adult grip type
could reflect a general visual preference for the small object.
Preference for the congruent object relative to the incongruent
one was greater in precision grip trials, with infants spending
2.77% more engaged looking time looking at the congruent
object in this case, and 5.16% less engaged looking time looking
at it in the power grip trials. The main effect of adult grip type
could therefore be interpreted as a visual preference for the
small object, rather than a preference for the congruent object in
precision grip trials specifically. Given the within-subjects,
counterbalanced approach, this does not affect the overall
finding that for infants with better fine motor ability, motor
interference affected their relative preference for the congruent
object—regardless of congruent object size. Whether object size
or the actor’s hand shape drove the main effect of grip type, the
three-way interaction between infant fine motor skill, adult grip
type, and infant hand posture indicates that infants with better
fine motor skill (who are therefore more likely to be good pre-
cision graspers) were affected in accessing a representation of
grasping the small object under motor interference.

There are a number of reasons why a small object may have
attracted attention, including its novelty. Infants at 12 months
may be less frequently exposed to small physical toys like the
spheres and cubes used here, due to the potential choking
hazard. Unfortunately, it is not possible to include object size
in the statistical model to control for such a preference,
because it is confounded with adult grip type (i.e., there were
no precision grip trials in which the large object was congruent
with the experimenter’s hand). Future investigations using this
motor interference paradigm might profitably employ stimuli
similar to those used in previous reaching studies (Daum
et al. 2009; Daum et al. 2011; Loucks and Sommerville 2012),
i.e., identical objects (e.g., a cup) in one orientation which af-
fords a precision grip (handle oriented toward actor’s hand)
and another which affords a power grip (cup barrel oriented
toward actor’s hand). This might remove differential looking
behavior based purely on the size of the object without refer-
ence to the adult grip type.

In the future, our motor interference approach could be used to
complement other infant action perception methodologies. It
could be used in conjunction with habituation paradigms to
explore how motor interference affects infants’ detection of
changes in others’ actions and goals, or with neuroscience
techniques (EEG/MEG/{NIRS) to test whether hand constraint
affects motor activation during action observation. Finally, the
infant motor interference approach could be used to comple-
ment active training techniques (e.g., sticky mittens) to examine
whether sensorimotor processes mediate the effect of motor
experience on object exploration and action perception (see Liu
and Almeida 2023; Needham 2021; Ni Choisdealbha and
Meltzoff 2025; van den Berg and Gredebédck 2021 for further
discussion).
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5 | Conclusions

The current work offers an infant-friendly motor interference
method for studying the potential contribution of motor pro-
cesses to infants’ processing and interpretation of other peo-
ple’s actions. We found that for infants with better fine motor
skills, experimentally manipulating their hand posture so they
could not perform a thumb-opposite grip influenced their
looking behavior toward adults’ reaching and grasping actions,
particularly when these involved precision grips. It is reason-
able that infants with better fine motor skills would be
particularly affected by the experimental treatment (restricting
their ability to enact a thumb-opposite or precision grip),
because such infants likely have an existing motor represen-
tation of this specific action that they could recruit, or be
inhibited from recruiting, when observing others’ actions. This
posture manipulation paradigm—a manipulation that can be
effectively used with young infants—has potential for future
use in examining how infants engage motor processes during
action perception.
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