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Abstract The present study investigates the plastic-
ity of 7-month-old infants’ orienting of attention during
their perception of grasping actions. Previous research
has shown that when infants observe a grasping hand,
they shift their attention in line with the grasping direc-
tion, which is indicated by a reliable priming effect in
this direction. The mechanisms behind this priming effect
are largely unknown, and it is unclear how malleable this
priming effect is with respect to a brief exposure to novel
action-target contingencies. In a spatial-cueing paradigm,
we presented a series of training trials prior to a series of
test trials. These training sequences significantly modu-
lated infants’ attention. This suggests that action percep-
tion, when assessed through shifts of attention, is not solely
based on the infants’ grasping experience but quickly
adapts to context-specific observed regularities.
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Introduction

Infants at an early stage of life already interpret observed
actions as goal-directed (e.g. Woodward 2009). To a large
extent, their ability to interpret the social environment is
based on experiences made through everyday interactions.
These experiences are acquired either through their own
action performance (e.g. von Hofsten 2007) or through
observed statistical regularities of actions performed by
others (e.g. Wu et al. 2011). The present research examined
whether infants’ perception of manual grasping actions is
malleable through a brief observational experience.

Manual grasping is one of the most fundamental action
skills acquired early in life because grasping provides the
first opportunity to manipulate and reshape the environ-
ment (Bertenthal and Clifton 1998; Flanagan and Johans-
son 2002). A few days after birth, infants aim their arm
movements towards interesting objects (von Hofsten 1982),
and by the age of 5-7 months, grasping has become profi-
cient enough that infants extrapolate object motions on lin-
ear paths and adapt their grasping movement accordingly
(von Hofsten et al. 1998).

At around the same age, infants develop a remarkable
sensitivity to grasping actions performed by others (e.g.
Woodward 2009). This sensitivity is assessed using a vari-
ety of research designs and dependent measures tapping
into a number of different cognitive processes involved in
action perception (e.g. Gredebédck and Daum 2015). Some
of these processes take place over a few hundred millisec-
onds (Gredebick et al. 2010a). For example, overt shifts
of attention (e.g. as found in predictive gaze shifts; Falck-
Ytter et al. 2006; Gampe et al. 2015) or covert shifts of
attention (Gredebick et al. 2010b; Daum and Gredebick
2011a) usually unfold within the first few hundred mil-
liseconds after a directional action or gesture is observed
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(Gredebick et al. 2010a). Other processes, for example as
assessed via the measurement of looking times, extend over
several seconds (Woodward 1998; Daum et al. 2012) .

A vast amount of research relied on measuring infants’
looking time in response to action outcomes that are in
agreement with, or violate, their expectations—referred
to here as action evaluation. Research into infants’ action
evaluation has shown that 6-month-olds expect grasping
actions to be directed towards goals (Woodward 1998), even
if only initial parts of the action are presented (Daum et al.
2008; Brandone and Wellman 2009). Research techniques
to measure action evaluation have recently been comple-
mented with measures that target infants’ abilities to assess
future states of perceived actions—which is referred to as
action prediction (Gredebidck and Daum 2015; Gredebick
and Falck-Ytter 2015). Action prediction studies analyse
the latency of predictive gaze shifts and have shown that
infants start to predict the goal of observed grasping actions
at between 6 and 12 months of age (Falck-Ytter et al. 2006;
Hunnius and Bekkering 2010; Kanakogi and Itakura 2011;
Cannon and Woodward 2012; Melzer et al. 2012).

In the present study, infants’ action perception was
assessed in an action priming paradigm; that is, via the
shifts of their attention during the observation of an action.
Action priming is a very early component during the pro-
cessing of observed actions. It occurs as soon as a social
agent has been identified, and results in a shift of atten-
tion in the direction of the agent’s potential goal—even
without an actual goal being visible. In contrast to both
action evaluation and prediction, infants have less time and
information available to process the relation between agent
and goal. Accordingly, while a number of action evalua-
tion (e.g. Woodward 1998) and action prediction stud-
ies (Gredebick et al. 2009; Krogh-Jespersen et al. 2015)
have shown that infants interpret grasping actions as being
related to particular goals, action priming assesses an ear-
lier processing phase where infants process the observed
grasping action as being directed towards a particular loca-
tion in space, potentially to interact with an object that
is located at this position. This modulation of attention
in the direction of others’ actions occurs within millisec-
onds and even before overt responses (such as eye move-
ments) are observable. One way of assessing these early
attentional processes caused by goal-directed agents is the
application of a spatial-cueing paradigm (as introduced
by Posner 1980). The logic behind this paradigm is that if
an observer identifies the directionality of a symbolic cue
such as an arrow (as used e.g. by Posner 1980) or a more
socially relevant cue such as a grasping hand (e.g. Daum
and Gredebick 2011b), she will be faster at detecting a
target that appears at a location that is congruent with the
cue’s direction than an object at an incongruent location
(this difference between reaction times, i.e. faster reaction
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times in congruent than in incongruent trials, is referred to
hereinafter as priming effect). In infancy, priming effects
have previously been reported during the perception of
gaze shifts (Hood et al. 1998; Senju et al. 2006), grasping
gestures (e.g. Daum and Gredebick 2011b), and pointing
gestures (Rohlfing et al. 2012; Daum et al. 2013; Bert-
enthal et al. 2014).

Previous research has shown that besides their sensitivity
to social cues (e.g. gaze, pointing, grasping), infants evince
priming effects caused by differences in visual properties
of a stimulus (Jakobsen et al. 2013). Jakobsen et al. found
that infants already shift their visual attention in the direc-
tion of an arrow, resulting in a significant priming effect.
However, in this case the priming effect was caused by the
perceptual properties of the arrow (i.e. that the head of the
arrow is perceptually more salient than its end) and not
by the conceptual meaning of the arrow, which is learned
much later in life. Priming studies using more socially rel-
evant cues such as pointing or a grasping hand (Daum and
Gredebidck 2011a; Bertenthal et al. 2014) showed that the
priming effect is not caused by the perceptual properties of
the hand but rather by social content and an early step in a
long chain of action perception processes (Gredebédck and
Daum 2015).

Two priming studies that are of particular relevance for
the present purpose have demonstrated a priming effect for
grasping actions (Daum and Gredebick 2011a; Wronski
and Daum 2014). In both studies, infants were presented
with a grasping hand (cue) followed by a toy (target) that
appeared either in the direction of grasping (congruent tri-
als) or in the opposite direction (incongruent trials). When
the cue consisted of a static picture of a grasping hand,
children at the age of 7 months showed a reliable priming
effect (Daum and Gredebdck 2011a). This priming effect
was already evident in 5-month-olds when the cue was
a naturally moving grasping hand (Wronski and Daum
2014). Together, the two studies demonstrate that at the
age of 7 months, infants shift their attention in the direc-
tion of the observed grasping action. This suggests that at
the age of 7 months, infants perceive a grasping hand as
being directed towards a location in space along the exten-
sion of the grasping action. Because this action priming
occurs without any familiarisation during the experimental
procedure, we refer to this robust effect as infants’ prior
expectation about grasping hands and to the resulting prim-
ing effect as the default priming effect that occurs when
7-month-old infants observe a grasping hand.

The close temporal relation in development between
perception and performance of grasping actions (for a
recent study of the neural correlates of this close link
between action priming and grasping proficiency, see Bak-
ker et al. 2015) has led to the assumption that an observed
action is mapped onto the observer’s motor representation
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of the action, which allows the observer to generate predic-
tions about the future consequences of the observed action
in the same way as for one’s own actions (Jeannerod 2001;
e.g. Gallese 2009). The assumption that this mechanism is
already functional early in life has received support from
findings indicating that grasping perception is correlated
with infants’ own productive grasping performance (Daum
et al. 2011; Kanakogi and Itakura 2011; Melzer et al. 2012),
that infants” motor experience is causally related to their
grasping perception and action priming (Sommerville et al.
2005; Bakker et al. 2016), and that the infant motor cortex
is active during the perception and production of grasping
actions (Nystrom 2008; Southgate et al. 2009; Elsner et al.
2013). Accordingly, infants’ lifetime experience of grasp-
ing performance is an important source for their perception
of others’ grasping actions.

However, research in social-cognitive development has
shown that infants’ action perception is not only based
on their action experience but is supported by alternative
sources as well (e.g. Hunnius and Bekkering 2014). Infants
interpret actions as being goal-directed actions which they
are not yet able to perform when, for example, said actions
are performed with tools they cannot yet use (Hofer et al.
2005; Biro and Leslie 2007; Boyer et al. 2011; Southgate
and Begus 2013), when they are performed by inanimate
agents such as balls (Gergely et al. 1995), toy figures
(Luo and Baillargeon 2005), or when they are performed
by schematic animals (Schlottmann and Ray 2010; Daum
et al. 2012). In all cases, the observed behaviour cannot be
mapped onto the infants’ motor repertoire and they need
to rely on alternative interpretational mechanisms. While
some authors explain the early goal attribution by means
of inborn principles and biases, another potential candidate
for this is learning through observed statistical regularities.
This acquisition of knowledge through statistical learning
is involved in a variety of developing skills such as catego-
risation (Mareschal et al. 2002) and word learning (Estes
et al. 2007). With respect to the perception of goal-directed
actions, previous research suggests that, around their first
birthday, infants use statistical regularities for their goal
predictions (Henrichs et al. 2013) and they also revise their
initial predictions based on observed statistical regularities
if they observe unsuccessful actions (Brandone et al. 2014).
The implementation of statistical regularities of observed
actions therefore plays an important role in infants’ inter-
pretation of observed events.

The goal of the present study was to test the plasticity of
infants’ action perception through observed statistical regu-
larities. Previous research has shown that action observa-
tion does not substantially alter infants’ subsequent action
perception (Sommerville et al. 2012; Cannon et al. 2012)
or their action evaluation (Sommerville and Woodward
2005). But so far, no prior research has tested the plasticity

of action perception through action priming in infants.
When compared to action priming, action evaluation and
prediction differ in the important respect that they require
not only the identification of the directionality of a cue but
also a more in-depth processing of the observed action in
relation to an observable goal. In contrast, action priming
merely involves the rapid orientation of attention in the
direction of an observed action cue without the relation to
an observable goal. We therefore tested the assumption that
action priming is a more flexible process than action pre-
diction and evaluation. To do so, we used the same labo-
ratory set-up and paradigm as the two previous studies
mentioned above that assessed priming effects in grasping
actions (Daum and Gredebick 2011a; Wronski and Daum
2014). In addition, infants were presented with a brief
training sequence at the beginning of the experiment. In
this training phase, the target consistently appeared either
at the congruent or at the incongruent location. In a subse-
quent test phase, the infants saw a sequence of test trials in
which congruent and incongruent trials were presented in a
random order and equal distribution.

Based on the previous findings discussed above, two
potential outcomes can be expected: first, if action prim-
ing is still a flexible process at the age of 7 months, a short
training sequence is expected to affect infants’ attention.
This effect of training should become evident, in particu-
lar, after incongruent training in which the relation between
cue and target is novel, so where it is in conflict with the
infants” prior expectation about the directionality of a
grasping hand. Second, and in contrast with the hypoth-
esis formulated above, if action priming is largely rooted
in the infants’ lifetime experience of grasping (which, by
the age of 7 months, is about 4 months), a short sequence
of incongruent trials is not expected to affect the infants’
prior expectation and the corresponding action priming. In
this case, the different training sequences are not expected
to modify the default priming effect.

Finally, in case a short training sequence does have an
effect on the subsequent test trials, the question remains to
which extent this effect remains is stable or will be affected
by the additional information of the random distribution of
congruent an incongruent trials during the test phase. To
explore the stability of a potential training effect, we con-
ducted an exploratory analysis of potential changes of the
infants’ responses over the time course of the experimental
test trials.

Experiment 1
In Experiment 1, 7-month-old infants were presented with a

spatial-cueing paradigm (adapted from Daum and Gredebick
2011a). The cue consisted of the static picture of a grasping
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hand followed by a target at a congruent or incongruent loca-
tion. The experimental procedure included a training phase
and a subsequent test phase. In the training phase, one group
of infants received a series of congruent trials; another group
of different infants received a series of incongruent trials.
During the test phase, congruent and incongruent trials were
presented in a random order and equal distribution.

Method
Farticipants

The final sample consisted of 48 infants aged 7 months (26
girls, 22 boys; mean age: 7 months; 3 days, range: 6;19—
7;14). In addition, 26 infants aged 7 months (12 girls, 14
boys) were tested but not included in the final sample due to
distress or restlessness (n = 3), technical problems (n = 1),
or fewer than 6 valid training or test trials (n = 18). Con-
tact information was obtained from public birth records.
All infants were born full term (37- to 42-week gestation)
and with normal birth weight (>2500 g). All parents gave
informed consent before the study. The study was approved
by the local ethics committee and was conducted in accord-
ance with the Declaration of Helsinki.

Congruent Trial

Incongruent Trial

Fig. 1 Stimulus sequences of an incongruent trial (upper panel) and
a congruent trial (lower panel) in Experiment 1. Left Attention grab-
ber (looming at 1 Hz with sound) presented until the infants fixated
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1,000 ms

1,000 ms

Test environment, stimuli, and apparatus

The laboratory was unfurnished except for the test equip-
ment. The stimuli were presented, and gaze was measured
using a Tobii 1750 near-infrared eye tracker (Tobii Tech-
nology AB, Danderyd, Sweden) with an infant add-on
(precision: 1°, accuracy: .5°, sampling rate: 50 Hz) and
the software ClearView (version 2.7.1). A 9-point infant
calibration was used. During calibration, a blue-and-
white sphere expanded and contracted (extended diam-
eter = 3.3°) in synchrony with a sound. Viewing distance
was approximately 60 cm, and monitor diameter was 17
inch (24.8 x 20.7°). The infants were seated in a car safety
seat (Maxi Cosi Cabrio) in front of the eye tracker.

The stimulus presentation followed closely the one used
in Daum and Gredebick (2011a, Experiment 1), see Fig. 1.
Each trial started with one of four looming toys (horizon-
tal and vertical dimensions: maximum 4.5°, minimum 2.3°)
presented at the centre of the monitor accompanied by a
sound. As soon as the infant fixated the central stimulus,
a hand (cue, 5.0° x 4.6°) was presented grasping towards
either the left or the right for 1000 ms. The cue was fol-
lowed by a renewed presentation of the initially presented
toy (now referred to as target). The target appeared at a

it; then, the trial was started. Middle Cue (grasping hand) is presented
for 1000 ms. Right Target (same as attention grabber, looming with
1 Hz with sound) appears at a congruent or an incongruent location
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congruent location (in the same direction as the grasping
hand, see Fig. 1, upper panel) or an incongruent location
(in the opposite direction to the grasping hand, see Fig. 1,
lower panel). The distance from the nearest edge of the
cue to the target was 9.3°. The target remained visible until
the infant looked at it for approximately 1000 ms or until
5000 ms had elapsed. Then, a new trial began with another
centrally presented looming stimulus.

The general paradigm consisted of a training phase and
a subsequent test phase. In the training phase, two condi-
tions were presented in a between-subjects design. In the
congruent training condition, the targets always appeared
at the grasping-congruent location, while in the incongru-
ent training condition, the target always appeared at the
grasping-incongruent location. In the test phase, the rela-
tion between grasping direction and the location of the tar-
get appearance was no longer predictable. The order of the
targets as well as the relation between the direction of the
grasping hand and the location of the target was pseudo-
randomised. In order to avoid adaptation effects that might
potentially override the specific manipulation of the train-
ing, no more than three repetitions of cue direction, tar-
get location, or cue—target relation were allowed. In the
training phase, a total of 12 trials were presented to each
infant. The maximum number of test trials presented was
64. Infants were randomly assigned to one of the two train-
ing conditions and to one of four different orders in the test
phase.

Procedure

The 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 his/her parents were first escorted to
a reception room. For approximately 10 min, the infant was
allowed to explore the room, while the research assistant
described the test procedure to the parents, and one of the
parents signed a consent form. Then, the infant and one
parent were brought to the test room. The research assistant
helped the parent to position the infant in the car seat. Dur-
ing 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 infant and
parent seemed comfortable, the research assistant left the
room and the stimulus presentation started.

Data analysis

For gaze analysis, three square areas of interest (AOI)
were defined on the screen covering the cue (cue AOI,

horizontal and vertical dimension: 7.5°) and the two tar-
get locations (target AOIs; horizontal and vertical dimen-
sion: 4.7°). A trial was considered valid if the infant fix-
ated the central cue for at least 200 ms (Gredebick et al.
20006) prior to making a gaze shift to the target. The sac-
cadic reaction time (SRT) was defined as the difference in
time between the appearance of the target and the arrival
of the gaze at the respective target AOI (Gredebick et al.
2010a). Individual SRTs less than 100 ms and greater than
two standard deviations of each individual mean were
excluded from analysis. Infants had to provide at least 6
training trials and 6 test trials (with a minimum of three tri-
als per type [congruent, incongruent]) to be included in the
final analysis. This criterion was based on previous stud-
ies where similar criteria were used as inclusion rates and
similar minimum numbers of trials were achieved (Hood
et al. 1998; Daum and Gredebick 2011a; Rohlfing et al.
2012). Since we had no particular hypothesis regarding
effects of sex and order of presentation, and preliminary
analyses indicated no main effects of these two factors (all
ps > .11), the data were collapsed for the remaining analy-
sis over these factors.

The main analysis was performed in three steps: (1) the
number of trials performed by each infant in the respec-
tive conditions was evaluated. (2) Mean SRTs were ana-
lysed separately for training and test trials. In the train-
ing trials, the mean SRTs were analysed using a univariate
analysis of variance (ANOVA) with training (congruent,
incongruent) as between-subjects variable. In the test tri-
als, the mean SRTs in congruent and incongruent trials
were analysed using a 2 x 2 (training [congruent, incon-
gruent], trial type [congruent, incongruent]) repeated-
measures analysis of variance (ANOVA), with trial as a
within-subjects and training as a between-subjects vari-
able. (3) SRTs were then compared for reliable priming
effects per condition. To better compare the groups of
infants in the two training conditions and to compare the
results of the two experiments reported in this manuscript,
the proportional SRT was calculated by dividing the SRT
in congruent trials by the SRT in incongruent trials. A
number smaller than 1 indicate the default priming effect
(i.e. shorter SRTs in congruent than in incongruent trials);
a number greater than 1 indicate a reversed priming effect
(i.e. longer SRTs in congruent than in incongruent trials).
The proportional SRTs were analysed using a one-way
ANOVA with training as a between-subjects factor. The
proportional SRTs of the different conditions were fur-
ther analysed discretely by separate ¢ tests for each train-
ing condition. (4) In an exploratory analysis, potential
changes of the SRT's over trials were explored using linear
regression analyses. The main results of both Experiments
1 and 2 are displayed in Fig. 2; p values are reported two-
tailed throughout.
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O Congruent Training

1.15+ ® Incongruent Training *
1.14

1.05

0.95 4

Proportional SRT

0.9 +

0.85

*
Experiment 2

0.8 -
Experiment 1

Fig. 2 Proportional SRTs for the congruent (grey bars) and the incon-
gruent (black bars) training conditions in Experiment 1 (leff) and
Experiment 2 (right). Values below 1 indicate a default priming effect,
and values above 1 indicate a reversed priming effect (*p < .05)

Finally, to explore the stability of the potential training
effect, changes of SRTs and proportional SRTs over the
course of the experimental trials were explored via two
additional analyses: first, separate linear regression analy-
ses of the SRTs in congruent trials, incongruent trials, and
over all trails, independent of condition, and second, an
analysis of the proportional SRTs over the course of the
experimental trials. For this analysis, we divided the 64
test trials into four quartiles, calculated the mean propor-
tional SRT for each participant, and analysed these values
using a 4 x 2 (quartile [Q1, Q2, Q3, Q4] x experimen-
tal condition [congruent training, incongruent training])
ANOVA with quartile as within-subjects and experimental
condition as between-subjects factor. We want to empha-
sise that due to the decreasing number of valid trials over
the course of the test phase (see the analysis of the number
of trials in “Results” section), this analysis is of a merely
exploratory nature and the results need to be considered
with care.

Results
Number of trials

In the congruent training condition, infants contributed an
average number of 10.4 training trials (SD = 1.8, range
6-12) and 34.5 test trials (SD = 16.2, range 8-60). In the
incongruent training condition, infants contributed an
average number of 10.2 training trials (SD = 2.1, range
6-12) and 25.5 test trials (SD = 13.2, range 8-55). The
number of training trials contributed did not differ between
conditions, #(46) = .38, p = .71, but infants performed
more test trials in the congruent training condition than in
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the incongruent training condition, #(46) = 2.1, p = .04.!
A linear regression analysis showed that the number of
valid data points per trial (combined for congruent and
incongruent trials) decreased over the course of the experi-
ment, both during the congruent training condition,
B = —.89, 1(63) = —15.34, p < .001, from M(first 5 tri-
als) = 18.2 data points to M(last 5 trials) = 5.4 data points,
and the incongruent training condition, 8 = —.94,
#(63) = —22.24, p < .001, from M = 17.2 data points to
M = 2 data points.

Mean SRTs

No between-subjects effects of training condition were
found, neither in the training trials, F < 1, nor in the test
trials, F < 1. Furthermore, in the test trials, the ANOVA
resulted in a significant interaction between training
condition (congruent, incongruent) and trial (congru-
ent, incongruent), F(1, 46) = 5.78, p < .05, n2 = .11.
After congruent training, SRTs were shorter in con-
gruent than in incongruent trials (mean SRTs: congru-
ent trials: M = 441.13 ms, SD = 110.60 ms; incongru-
ent trials: M = 470.50 ms, SD = 123.33 ms), while
after incongruent training the pattern was reversed and
SRTs were shorter in incongruent than in congruent
trials (mean SRTs: congruent trials: M = 468.62 ms,
SD = 114.24 ms; incongruent trials: M = 445.68 ms,
SD = 71.71 ms). This effect will be explored further in
the next section.

Proportional SRTs

The one-way ANOVA on the proportional SRTs revealed
a significant effect of training, F(1, 46) = 6.26, p < .05,
n* = .12. The proportional SRTs differed significantly
between the two groups, which indicates that the training
sequence had a significant influence on the priming effect
(see Fig. 2). As expected, infants in the congruent train-
ing condition showed a default priming effect, indicated
by a proportional SRT that was significantly smaller than
1 (M = .94, SD = .12), #(23) = 2.35, p < .05. In contrast,
infants in the incongruent training condition showed a pro-
portional SRT that was numerically greater but not statisti-
cally different from 1 (M = 1.05, SD = .17), #(21) = 1.42,
p=.17.

! We tried hard to come up with an idea about the reason why infants
completed more trials in the congruent than in the incongruent train-
ing condition. The fact that in Experiment 2, the number of com-
pleted trials was in an exact opposite pattern compared to Experiment
1 (i.e. more trials in the incongruent than in the congruent training
condition) makes it difficult to even come up with a consistent specu-
lation.



Exp Brain Res (2016) 234:2465-2478

2471

Exploratory analysis of SRTs over time

We first calculated the mean SRT per trial (for both con-
ditions combined and separately for congruent and incon-
gruent trials) and conducted a linear regression analysis
over the course of the experiments (Bonferroni corrected
for multiple (n = 6) comparisons, adjusted alpha level:
p = .008). In the congruent training condition, the SRTs did
not change over the course of the test trials (all gs < .09, all
ts < .61, all ps > .54). In the incongruent training condition,
we found that SRTs overall, 8 = .32, #(39) = 2.11, p = .04,
tended to increase over trials, but this tendency did not sur-
vive the correction for multiple comparisons. Both, SRTs in
congruent trials, 8 = .24, #(39) = 1.55, p = .13, and incon-
gruent trials, g = .06, #39) = .40, p = .69, did not change
over the course of the trials.

Next, we analysed whether the proportional SRTs
changed over the course of the test trials. This analy-
sis revealed no significant main effect or interaction, all
Fs < 1.95, all ps > .13. Because the number of missing tri-
als was high, in particular in the third and fourth quartile,
we additionally ran the same analysis with a set of data
in which we replaced the missing values with the grand
mean value calculated over both experimental conditions
of Experiment 1, M(grand) = 1.00 (sic!). This analysis
resulted in a trend towards a main effect of experimental
condition, F(1, 46) = 3.43, p = .07, nz = .07, primarily
reflecting the above-reported tendency that the propor-
tional SRTs were larger in the incongruent training condi-
tion (Q1: M = 1.02, Q2: M = 1.03, Q3: M = 1.03; Q4:
M = 1.03) than in the congruent training condition (Q1:
M= 94,Q2: M = .95, Q3: M =1.02; Q4: M = .98). No
main effect of quartile was present, F' < 1, nor was there
an interaction between quartile and experimental condition,
F < 1. In all, the difference between the two experimental
conditions was stable across the course of the test trials of
Experiment 1.

Discussion

Previous research has shown that with no additional train-
ing phase, 7-month-old infants shift their gaze earlier
towards a target that appears in the direction of an observed
grasping action (Daum and Gredebick 2011a). The results
of Experiment 1 demonstrate that this default priming
effect, in which the children were assumed to show prior to
the current experimental session, can be modified by a short
sequence of incongruent training trials. From the observed
statistical regularities during the training phase, the infants
rapidly altered their prior expectation about the relation
between cue and target. This modification of their expecta-
tion had a substantial impact on the priming effect, and this
impact was maintained over the course of the experimental

trials. In contrast, when presented with a series of congru-
ent training trials, the infants continued to show the previ-
ously reported default priming effect (as reported in Daum
and Gredebick 2011a). We will come back to this aspect in
“General discussion” section.

Two aspects of these results need further attention: the
first aspect concerns the strength of the infants’ represen-
tation of the observed grasping action and the resulting
expectation about the grasping direction. In Experiment
1, the stimulus material consisted of the static picture of a
grasping hand. Research with adults has shown that static
images of actions indeed result in premotor and motor cor-
tex activity (e.g. Proverbio et al. 2009). However, it was also
shown that dynamic actions trigger the respective motor
representation more strongly (e.g. Buccino et al. 2001).
Accordingly, the observation of a static hand might only
have weakly triggered the infants’ motor representation of
grasping. This could have resulted in a rather fragile default
priming effect, which is strong enough to become evident
without prior training but which can easily be modified
by observed statistical regularities. The motor representa-
tion might be more strongly triggered by the observation
of a more naturalistic grasping action. This stronger activa-
tion might then, in turn, hamper the rapid learning through
observed statistical regularities, resulting in a smaller (or
no) effect of the incongruent training on the infants’ prior
expectations than in Experiment 1. In contrast, and as dis-
cussed in the introduction, learning is facilitated by the
consistently observed violations of the infants’ expecta-
tion (Stahl and Feigenson 2015). In the present study, the
rapid observational learning might have been facilitated by
the consistently observed violations of the infants’ expecta-
tion during incongruent training. However, when presented
with the picture of a static hand, the expectation about the
grasping direction might be less strong when triggered by
a static compared to a dynamic hand. Hence, this expecta-
tion might be more strongly violated when a more natural
dynamic grasping action is observed than when only static
action pictures are shown. In this case, a short incongruent
training phase would enlarge the effect of the incongruent
training effect as observed in Experiment 1.

The second aspect concerns the fact that in Experiment
1, the training resulted in a significant modification of the
default priming effect’ but did not result in a reversed prim-

2 This assumption is supported by the comparison of the proportional
SRT in the test phase of the incongruent training condition in the pre-
sent study with the results of the 7-month-olds in Experiment 1 of
Daum and Gredebick (2011a), which yielded a significant difference
between the proportional SRTs, #40) = 3.20, p < .01. An additional
analysis between studies indicated that the proportional SRTs differed
neither between the test phase of the congruent training condition of
the present Experiment 1 nor the results of Experiment 1 in Daum
and Gredebick (2011a), #(40) = 1.05, p = .30.
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Congruent Trial

Incongruent Trial

Fig. 3 Stimulus sequences of a congruent trial (upper panel) and an
incongruent trial (lower panel) in Experiment 2. Left Attention grab-
ber (looming at 1 Hz with sound) presented until the infants fixated
it; then, the trial was started. Middle three: a closed fist is presented

ing effect. Hence, the incongruent training could just have
puzzled the infant, resulting in a disappearance of the
default priming effect, which could be caused by random
gaze behaviour, but not in the appearance of a reversed
priming effect. To replicate and extend the findings of
Experiment 1, Experiment 2 tested the effect of training on
infants’ perception of dynamic actions.

Experiment 2

To further test the plasticity of infants’ action perception,
two groups of 7-month-old infants were presented with the
same experimental paradigm as in Experiment 1 but with
a dynamic grasping action serving as cue (adapted from
Wronski and Daum 2014).

Method

Participants

The final sample consisted of 44 infants aged 7 months
(21 girls, 23 boys; mean age: 7;1, range: 6;17-7;14). In

addition, 21 infants (13 girls, 8 boys) were tested but not
included in the final sample due to distress or restlessness
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2,000 ms

for 500 ms followed by a grasping movement towards the centre
for 2000 ms and an empty screen for 320 ms. Right Target (same as
attention grabber, looming with 1 Hz with sound) appears at a con-
gruent or an incongruent location

(n = 2), technical problems (n = 1), or fewer than 6 valid
training or test trials (n = 17). Recruitment was identical to
Experiment 1.

Stimulus material and procedure

The procedure of Experiment 2 was identical to Experi-
ment 1. The stimulus material (adapted from Wronski and
Daum 2014, see Fig. 3) differed with respect to the fol-
lowing modifications. Instead of a static picture, the cue
consisted of a video clip of a human hand performing a
horizontal grasping movement. At the start of the trial, the
hand was closed to a fist (4.5 x 3.9 visual degrees). It then
performed a grasping movement to its maximum grasping
aperture (6.1 x 5.4 visual degrees) from the starting posi-
tion at the periphery of the screen towards the centre of
the screen. No other parts of the wrist or arm were shown,
to ensure equal distribution of visual information on the
screen at the final position of the hand. Total duration of
cue presentation was 2500 ms (500-ms still frame at the
start and 2000-ms movement). After disappearance of the
cue, a black screen was shown for 320 ms. This gap was
included to decrease the likelihood that SRTs are biased
by ongoing overt eye movements caused by the dynamic
cue (e.g. Mitrani and Dimitrov 1978). Following this gap,
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the initial attention-grabbing stimulus measuring 3.2 x 4.3
visual degrees (referred to as target) appeared at a horizon-
tal peripheral location on the screen at a distance of 11.9
visual degrees from the last position of the cue at the centre
of the screen (Fig. 3).

Data analysis

Data analysis was identical to Experiment 1 except that the
criterion for the validity of a trial was adjusted. A cue-start
AOI was defined (11.7° x 11.6°) that extended from the
starting position of the cue to the position of the cue after
1000 ms of cue presentation with a tolerance of 50 pixels
around the maximal cue extension. The cue-end AOI
(11.7° x 12.8°) was adjusted to be in line with Experiment
1 and was defined as the area around the last frame of the
cue before disappearance with an additional surrounding
tolerance of 50 pixels in each dimension.> A trial was con-
sidered valid when the infant had looked at the cue-start
AOI for at least 200 ms during the first 1000 ms of the cue
presentation and at the cue-end AOI for at least 200 ms dur-
ing the last 500 ms of cue presentation. The main results of
Experiment 2 are displayed in Fig. 2, and p values are
reported two-tailed throughout.

Results
Number of trials

In the congruent training condition, infants contributed
an average number of 7.3 training trials (SD = 1.2, range
6-9) and 13.8 test trials (SD = 9.4, range 6-37). In the
incongruent training condition, infants contributed an
average number of 8.6 training trials (SD = 2.1, range
6-12) and 19.4 test trials (SD = 9.6, range 6-37). The
numbers of training trials contributed differed between
conditions, #(42) = 2.48, p < .05, with more training tri-
als contributed in the incongruent training condition.
There was a marginal difference in the number of test tri-
als contributed, #(42) = 1.97, p = .06, indicating that on
average, the infants tended to perform fewer test trials in
the congruent than in the incongruent training condition. A
linear regression analysis showed that the number of valid
data points per trial (combined for congruent and incon-
gruent trials) decreased over the course of the experiment,
both during the congruent training condition, § = —.83,
#63) = —11.47, p < .001, from M = 12.0 data points to

3 Note that the AOIs around the cue were larger in Experiment 2 than
in Experiment 1. The reason for this was that in Experiment 2 the cue
was moving and thus covered a larger area within a similar time win-
dow.

M = 1.4 data points, and the incongruent training condi-
tion, 8 = —.91, #(63) = —16.51, p < .001, from M = 15.2
data points to M = .6 data points.

Mean SRTs

In the training trials, no between-subjects effect of training
was found, F < 1. In the test trials, and in contrast to the
training trials of Experiment 2 and in contrast to Experi-
ment 1, we found a significant difference in the SRTs
between the two training conditions, F(1, 42) = 15.35,
p <.001, n2 = .27. The mean SRTs in the congruent train-
ing condition (M = 512.0 ms, SD = 199.7 ms) were longer
than in the incongruent training condition (M = 326.7 ms,
SD = 64.8 ms). In light of the unexpected difference of the
SRTs between the two training conditions, it is important
to note that this difference was not yet present during train-
ing, where infants of both training groups provided simi-
lar SRTs (congruent training condition: M = 392.01 ms,
SD = 177.22 ms; incongruent training condition:
M = 349.95 ms, SD = 110.37 ms). Furthermore, and paral-
leling the findings of Experiment 1, the interaction between
training condition and test trials was significant, F(1,
42) =944, p < .01, nz = .18. As in Experiment 1, SRTs
were shorter in congruent than in incongruent trials (mean
SRTs: congruent trials: M = 423.07 ms, SD = 191.88 ms;
incongruent trials: M = 514.87 ms, SD = 237.43 ms), while
this was reversed after incongruent training, where SRTSs
were shorter in incongruent than in congruent trials (mean
SRTs: congruent trials: M = 339.07 ms, SD = 65.16 ms;
incongruent trials: M = 314.00 ms, SD = 69.46 ms). This
effect will be explored further in the next section.

Proportional SRTs

The one-way ANOVA revealed a significant effect of train-
ing, F(1, 42) = 9.45, p < .01, n* = .18 (see Fig. 2). Fur-
ther analyses revealed that infants in the congruent train-
ing condition showed a default priming effect, indicated by
a proportional SRT smaller than 1 (M = .88, SD = .29),
1(21) = 2.27, p < .05. In contrast, infants in the incongruent
training condition showed a proportional SRT significantly
greater than 1 (M = 1.08, SD = .19), #(21) = 2.10, p < .05,
reflecting a reversed priming effect.

Exploratory analysis of SRTs over time

As in Experiment 1, we tested the extent to which SRTs
changed over the course of the trials using linear regres-
sions (Bonferroni corrected for multiple comparisons
(n = 6), adjusted alpha level: p = .008). This analysis
showed no change over trials in any of the conditions (all
Bs < .26, all 1s < 1.64, all ps > .11).
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The analysis of the proportional SRTs revealed no
significant main effect or interaction, all Fs < 1.40, all
ps > .27. To account for the large number of missing tri-
als, we additionally ran the same analysis with a set of
data in which we replaced the missing values with the
grand mean value calculated over both experimental con-
ditions of Experiment 2, M(grand) = 1.07. This analy-
sis resulted in a significant main effect of experimental
condition, F(1, 41) = 5.06, p < .05, n* = .11, reflect-
ing the above-reported effect that the proportional SRTs
were larger in the incongruent training condition (Q1:
M=1.14,Q2: M =1.04,Q3: M =1.23; Q4: M = 1.16)
than in the congruent training condition (Q1: M = .90,
Q2: M = 1.18, Q3: M = 90; Q4: M = 1.02). No main
effect of quartile was present, F' < 1. However, the inter-
action between quartile and experimental condition was
significant, F(3, 126) = 3.22, p < .05, n2 = .07. This
reflects the finding that in contrast to the quartiles 1, 3,
and 4, SRTs in quartile 2 were larger in the congruent
training condition than in the incongruent training condi-
tion (see means above). In all, the exploratory analysis
revealed that the difference between the two experimen-
tal conditions induced by the different training conditions
was relatively stable across the course of the trials of
Experiment 2.

Discussion

Experiment 2 replicates and extends the findings of Exper-
iment 1 with more ecologically valid cues. Without any
training, 7-month-old infants’ attention is modulated in the
direction of an observed dynamic grasping action (Wron-
ski and Daum 2014).* In the present study, a short incon-
gruent training phase had a significant effect on infants’
attention, resulting in a reversed priming effect in the sub-
sequent test phase. This further supports the assumption
that at this age, infants rapidly learn relations between
cues and targets from observed statistical regularities, and
that these learned regularities can overwrite existing prim-
ing effects. The exploratory analysis of the time course of
this effect shows that, similar to Experiment 1, the effect
of the training was maintained over the course of the
experimental trials.

4 As in Experiment 1, we conducted a comparison between the pro-
portional SRT of the test phase in the incongruent training condition
of the present study and the results of the 7-month-olds in Experi-
ment 1 by Wronski and Daum (2014). This analysis yielded a signifi-
cant difference between the two experiments, #38) = 2.70, p < .01.
An additional analysis between studies indicated that the proportional
SRTs did not differ between the test phase of the congruent training
condition of the present Experiment 1 in the present study and the
respective condition in Experiment 1 by Wronski and Daum (2014),
1(38) = .14, p = 89.
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In contrast to Experiment 1, we found a difference in the
mean reaction times between the two training conditions.
We will discuss this effect further in “General discussion”.
Furthermore, infants watched more trials in the incongruent
than in the congruent training condition, both in the train-
ing phase and in the test phase. This might reflect the effect
that the infants in the incongruent training condition were
generally more attentive. This may have been a factor for
the reversed priming effect. However, the potential lower
attention of the infants in the congruent training condition
did not generally affect the infants’ attentional processes as
indicated by the significant priming effect in the expected
direction.

General discussion

In the present study, we applied a spatial-cueing paradigm
to test the plasticity of 7-month-old infants’ perception of
goal-directed grasping actions through action priming. Pre-
vious research showed that infants at this age shift their
attention in the direction of an observed grasping action
(Daum and Gredebick 2011a; Bakker et al. 2015; Wron-
ski and Daum 2014). This suggests that by this age they
have developed a sensitivity to the goal-directedness of
grasping actions and expect graspable objects to appear
along the direction of the grasp. In the present study, we
applied the same paradigm of these two mentioned stud-
ies and added a short training sequence at the beginning
of the experimental session, in which the relation between
cue and target was consistently either congruent or incon-
gruent. This training differentially affected the infants’
action priming in the subsequent test phase. After con-
gruent training, the infants continued to show the default
priming effect. After incongruent training, by contrast, the
priming effect was significantly reduced when the cue con-
sisted of the static picture of a grasping hand (Experiment
1) and even reversed when the cue consisted of a dynamic
grasping action (Experiment 2). An exploratory analysis
of the infants’ reactions over the course of the experimen-
tal session additionally revealed that the difference in the
proportional SRTs induced during the training phase of
the different conditions did not decrease within the first
few test trials, but remained stable across the experimen-
tal test phase. This suggests that infants’ action perception
as measured through action priming is not solely grounded
in their lifetime experience of their own grasping. In con-
trast, around halfway through their first year of life, infants’
perception of grasping actions is still flexible and malleable
through short sequences of observations.

Previous studies investigating the impact of observa-
tional experience on action perception have shown that
action perception seems to be relatively robust against



Exp Brain Res (2016) 234:2465-2478

2475

observational experience. In particular, repeated exposure
to the presentation of claws and nonfunctional hand—object
interactions does not appear to alter infants’ action evalua-
tion (Sommerville and Woodward 2005; Sommerville et al.
2012) or action prediction (Cannon et al. 2012), whereas
repeated action experience substantially did. These two
measures differ from action priming with respect to a sig-
nificant aspect. Action evaluation and prediction require not
only the identification of the directionality of a cue but a
more in-depth processing of the observed action in relation
to an observable goal. In contrast, action priming merely
involves the rapid orientation of attention in the direction
of an observed action without an observable goal to be
processed.

In combination with previous studies, the present find-
ings demonstrate that two aspects are involved in action
perception. On the one hand, it is of great importance to
quickly adjust one’s own perceptual and attentional system
to contextual factors. The present findings show that this
is already the case early in life. As a default, an observed
grasping action primes the infant’s attention in the direction
of grasping. However, at the age of 7 months, this action
priming is still flexible and quickly adapts to observed
regularities. On the other hand, it is important that our
interpretation of the social world is not dramatically and
rapidly modified by a few instances that are in contrast to
core assumptions about others’ goal-directed actions. This
becomes evident in the fact that infants rely on the pro-
found and permanent knowledge of previous experience
when they have to predict the actual goal of an observed
action or to evaluate the observed goal with respect to
their expectations. This profoundness becomes evident, for
example, in the fact that infants need almost 200 days of
experience of being fed before they predict the goal of a
feeding action (Gredebidck and Melinder 2010). Further-
more, with respect to grasping, a 7-month-old’s experi-
ence is substantial; at around this age, alert infants spon-
taneously perform 100-250 hand movements every 10 min
(e.g. Wallace and Whishaw 2003). The influence of this
extensive grasping experience on their grasping perception
is certainly not altered with a few instances of counter-intu-
itive observations.

One question that remains in the present study is how
long the effect of the incongruent training on infants’
action expectations persists. Given the relative flexibility
of infants’ attention, the statistical information about the
distribution of congruent and incongruent trials during the
test phase could be expected to reduce the influence of the
training phase over time, at least in the incongruent training
condition. The analysis over trials suggests that the change
in the infants’ action expectations is subject to some stabil-
ity because at least over the course of the current experi-
ment, that is around 5-10 min, no significant reduction

of the training effect was observed. However, this finding
needs to be interpreted with great caution because the num-
ber of trials also significantly decreased over the course of
the experimental session, which might have resulted in an
increase of variance in the data towards the end that blurred
potential changes of effect over time. Further research is
needed to explore these temporal aspects in more detail.

To conclude, in combination with previous findings, the
present findings suggest that social cognition and the way
we perceive the social world need stability, which is pro-
vided by the infants’ lifetime action experience that serves
as the basis for the prediction and the evaluation of actions.
At the same time, social perception needs flexibility to
quickly adapt to regularities of a current situation, which is
provided by the plasticity of infants’ attentional processes
for observed actions and the flexibility and quick adaptabil-
ity of action priming. Thus, both stable high-level social-
cognitive processes and flexible low-level social-perceptual
processes govern infants’ perception and interpretation of
social events.

Differential effect of training

At first glance, the training applied at the beginning of the
experimental session could be expected to cause a modi-
fication of the infants’ attention independent of condition,
resulting in a reversed priming effect after incongruent
training and an even stronger default priming effect after
congruent training. However, after congruent training, the
priming effect was similar to that reported in previous stud-
ies without any training. Why was this the case? The two
training conditions differed with respect to the matching of
the prior expectation with the observation during the train-
ing. During the congruent training, infants’ observation was
consistent with their prior expectation: a target appeared
in the direction of a grasping hand. In contrast, during the
incongruent training, the observation consistently violated
this prior expectation. In adults, unexpected and or surpris-
ing events lead to an enhanced prediction error that in turn
draws attention to allow reaction and learning (e.g. Friston
et al. 2006). In infants, violations of expectations typically
result in increased attention towards observed events (e.g.
Baillargeon et al. 1985). Recent evidence even shows that
like adults, infants also use “unexpectedness” as a cue for
learning (Stahl and Feigenson 2015). In this particular
study, infants were presented with events that did or did not
correspond to their expectations. During subsequent pres-
entation of the object involved in the violation of expecta-
tion, infants showed more effective learning (i.e. increased
exploration of the object). The authors conclude that “early
in life, expectancy violations offer a wedge into the prob-
lem of what to learn” (p. 91). Accordingly, the repeated
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observation of incongruent (i.e. unexpected) cue—target
relations resulted in an increase of attention compared to
the observation of a congruent cue—target relation. This
increase of attention might have caused a more in-depth
processing of the incongruent training events and a respec-
tive modification of the default priming effect in the incon-
gruent training condition. The repeated violation of expec-
tation indicated that something unusual was happening and
conveyed the message that this novel information might be
a relevant learning opportunity.

Differences in the SRTs between conditions
in Experiment 2

The second aspect that needs further attention is the dif-
ference in the overall SRTs between the two conditions
of Experiment 2. During the training phase of Experiment
2, the SRTs were comparable in both conditions. In con-
trast, the SRTs in the test phase were shorter after incon-
gruent than after congruent training. A simple explana-
tion of this effect is that it is caused by a simple sampling
effect; infants in the congruent training condition were
just generally slower than infants in the incongruent train-
ing condition. However, this explanation can be ruled out
by the fact that the SRTs did not differ between conditions
in the training phase. We therefore prefer an alternative
explanation that is based on the violation of infants’ prior
expectation in the incongruent training condition. This
increase of attention mentioned above that was caused
by the repeatedly observed incongruence during train-
ing might have persisted into the test phase, resulting in
shorter reactions overall than after congruent training. In
adults, increased levels of attention result in shorter reac-
tion times (for an overview, see Einother and Giesbrecht
2013) and in enhanced learning (e.g. Bernstein 1969).
The assumption of increased attention in the incongru-
ent training condition is further supported by the larger
number of training and test trials performed here than in
the congruent training condition in Experiment 2. Accord-
ingly, during incongruent training, the repeated violation
of expectation resulted in an increase of the infants’ atten-
tion, which persisted into the test phase and resulted in a
decrease of attention that occurred at a later point in time
in the incongruent than in the congruent training condi-
tion. In Experiment 1, this difference in overall SRTs was
not found. It is likely that the dynamic grasping action
in Experiment 2 was more naturalistic and triggered the
infants’ prior expectation more strongly. As a result, the
series of incongruent dynamic trials presented in Experi-
ment 2 resulted in a stronger violation of expectation than
the series of incongruent static trials in Experiment 1. Fur-
ther research will elucidate whether this level of increased
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attention is merely based on a nonspecific behavioural
arousal that increases the activity of the whole processing
systems or whether the infants’ attention is specifically
increased for the processing of the stimuli noticed during
training.

To conclude, when 7-month-old infants observe a grasp-
ing action, they have a prior expectation about the direc-
tion of the perceived grasping action indicated by a reliable
action priming effect. The findings of the present study
demonstrate that at this age, action priming is still flex-
ible and can be modified via a short sequence of observa-
tional training trials. This suggests that action perception
is not solely grounded in the infants’ lifetime action expe-
rience but that action priming quickly adapts to observed
regularities.
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