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A B S T R A C T

Objectives: Visual kinematic information is crucial to successful action anticipation in professional athletes.
Here, we examined whether nonkinematic prior cues would influence the anticipatory judgment of penalty kicks
and explored the neural correlates underlying expert advantage.
Method: In the cue-anticipation task, congruency was manipulated such that the direction of a prior cue (di-
rectional arrow) was either congruent (i.e., same direction) or incongruent (i.e., opposite direction) with the
subsequent direction of the penalty kick. Both behavioral performance and event-related potential activity eli-
cited by cues and kicks were compared between expert goalkeepers and novices.
Results: Action anticipation performance was increased in the congruent condition and was decreased in the
incongruent condition. Expert goalkeepers outperformed novices both when the prior cue provided no direc-
tional information (neutral condition) and when it provided directional information incongruent, but not con-
gruent, with the subsequent kick. Event-related potential activity analyses showed N1 and N2 amplitudes eli-
cited by the kicks for the incongruent condition were larger than those for the congruent and neutral conditions
only for expert goalkeepers. No significant difference was detected between experts and novices in the amplitude
of the contingent negative variation elicited by the cues.
Conclusions: In addition to the contribution of visual kinematic body information on action anticipation, prior
cues significantly influenced predictions of action outcome. Expert advantage of action anticipation may be
associated with proficient modulation of brain activity in early attention processing and conflict monitoring
during the integration of these two kinds of information.

1. Introduction

Action anticipation, which involves observing and predicting the
behavior of other individuals, is a crucial prerequisite for success in
interceptive sports, such as soccer (Reilly, Williams, Nevill, & Franks,
2000). The penalty kick provides a helpful model to understand action
anticipation and can often determine the victory in a soccer game, such
as it did in the 2016 America Cup final. The ability of goalkeepers to
anticipate the outcome of a penalty kick at high speed is important to
save time for subsequent execution of blocking the ball. In the last four
decades, studies have shown that elite athletes present superior abilities
compared with novices in anticipating other athletes’ actions in a
variety of different sport domains (Abernethy, 1990; Abernethy & Zawi,
2007; Causer, Smeeton, & Williams, 2017; Farrow & Abernethy, 2003;
Jones & Miles, 1978; Savelsbergh, Williams, Kamp, & Ward, 2002;
Weissensteiner, Abernethy, Farrow, & Müller, 2008; Williams & Davids,
1998). Using a temporal occlusion paradigm, in which the presentation
of an action sequence is interrupted early at various time points to limit
visual information, research has demonstrated that this kind of expert

advantage is associated with the motor simulation of the observed body
kinematic information (Aglioti, Cesari, Romani, & Urgesi, 2008;
Blakemore & Decety, 2001; Jones & Miles, 1978; Loffing, Hagemann,
Schorer, & Baker, 2015; Tomeo, Cesari, Aglioti, & Urgesi, 2012; Urgesi,
Savonitto, Fabbro, & Aglioti, 2012). However, action anticipation based
on limited visual information is risky, and goalkeepers may make use of
other nonkinematic information sources (Mann, Schaefers, & Cañal-
Bruland, 2014; Navia Manzano & Ruiz Perez, 2013). Athletes often
obtain knowledge of this probabilistic information from previous
competitions or performance profiles. However, systematic research on
the role of nonkinematic information in action anticipation is limited,
and the neural activity underlying nonkinematic information in action
anticipation remains unclear (Loffing & Cañal-Bruland, 2017).

Using Bayesian statistics and tennis as an example, Körding (2007)
proposed that athletes usually combine prior known (nonkinematic)
information with current visual (kinematic) information when they
predict where the ball will land. Athletes tend to use various sources of
information to make rapid predictions under uncertain situations with
limited visual information presented (de Oliveira, Lobinger, & Raab,
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2014; Raab, 2012). Dicks, Button, and Davids (2010) found that goal-
keepers are likely to benefit from the kinematic information that
emerges just before the initiation of the penalty taker’s kick action
when they anticipate a deceptive penalty kick. In addition to the rela-
tively high number of studies on kinematic information, several recent
studies have investigated the contribution of prior information to an-
ticipatory behavior, such as an opponent's court position (Abernethy,
Gill, Parks, & Packer, 2001; Loffing & Hagemann, 2014a; Loffing,
Sölter, Hagemann, & Strauss, 2016), action patterns or action pre-
ference (Farrow & Reid, 2012; Loffing, Stern, & Hagemann, 2015; Mann
et al., 2014; Murphy et al., 2016; Murphy, Jackson, & Williams, 2018;
Navia Manzano & Ruiz Perez, 2013; Runswick et al., 2018), and sport
and field settings (Runswick, Roca, Williams, McRobert, & North,
2018b). In soccer, only two studies, to our knowledge, have discussed
this issue. One explored whether the probability of a kicker’s kick di-
rection could affect the goalkeeper’s anticipatory performance (Navia
Manzano & Ruiz Perez, 2013). Their results, based on only nine goal-
keepers, showed that soccer goalkeepers can benefit from other in-
formation, in this case the high probability of a kick to one side (left or
right) of the goal. However, because expert athletes have been reported
to have an ability superior to that of novices in picking up kinematic
information, the absence of novices as controls in that study may not
illustrate the expert advantage expressed in the effect of prior in-
formation. Another study using a soccer-based attack context also found
significant effects of prior action probability on anticipatory perfor-
mance as well as the visual dwell time spent on the context among
expert soccer players (Gredin, Bishop, Broadbent, Tucker, & Williams,
2018). Yet, the neural correlates underlying skilled-based differences in
anticipatory performance influenced by prior information remain un-
clear and should be determined to further understanding of action an-
ticipation behavior.

The neural underpinnings of expert advantage have been examined
in previous studies (Nakata, Yoshie, Miura, & Kudo, 2010; Smith,
2016). Some neuroimaging studies have found that athletes show
stronger activation than novices in both visual attention areas and
motor areas during a sports anticipation task, which reflects the pro-
cessing of kinematic information for anticipation (Wright, Bishop,
Jackson, & Abernethy, 2010, 2011). However, in the sport-related do-
main, only a few studies investigating event-related potentials (ERPs)
have explored this issue. For example, Jin et al. (2011) found that
athletes exhibited larger P3 amplitudes than novices did during an-
ticipation of an opponent’s serving action, which suggests that athletes
could be better at attention allocation, facilitating their action antici-
pation ability. In contrast to the limited number of studies examining
the sport-related domain, many ERP studies have focused on the su-
periority of athletes in domain-general cognition (Nakamoto & Mori,
2008; Wang, Yang, Moreau, & Muggleton, 2017; Yamashiro et al.,
2015). For example, Hung, Spalding, Maria, and Hatfield (2004) used a
classic cue-target task and observed a greater contingent negative
variation (CNV) amplitude elicited by cues in athletes than in novices.
The CNV is a negative wave arising after a cue and typically in pre-
paration for an upcoming stimulus (Kononowicz & Penney, 2016; Wang
& Tu, 2017). These results indicated that athletes could effectively use
the advanced cues to enhance their attention and thus make a quicker
and more accurate response to targets. Using this type of task and the
CNV component, the present study could investigate how goalkeepers
extract and utilize information from prior cues to affect the cognitive
processing of kinematic information and predict the outcomes of ac-
tions.

To address this issue, we compared behavioral and ERP measures in
goalkeepers to those in novices when performing a cue-anticipation
task, in which the prior cues were directional arrows followed by videos
of penalty kicks as targets, to examine the effects of preceding cues on
the ability to anticipate the direction of the player’s kicks. Three dif-
ferent experimental conditions were then utilized based on the validity
of the prior cues: (1) neutral cues providing no directional information,

(2) congruent cues showing the prior cue in the same direction as the
subsequent kick, and (3) incongruent cues showing the prior cue in
adirection different from that of the subsequent kick. Therefore, in
addition to the processing the occurs during the cue-target interval
reflected by the CNV component, this task also enables investigation of
the temporal modulation in neural activity during the subsequent target
processing among the different conditions. With regard to the ERP
components elicited by targets, the N2 component has been demon-
strated to reflect conflict monitoring on congruency during stimuli
detection (Dong & Zhong, 2017; Veen & Carter, 2002), which can be
used to show how goalkeepers integrate the different kinds of prior cues
with visual kinematic information. Experts identify this congruency
earlier than novices by using selective attention and conflict monitoring
of the kinematic information. Thus, in the present study, both cue-
locked and target-locked components were recorded and analyzed to
help clarify the neural mechanisms underlying the cognitive processing
of prior information (cues) and visual information (penalty kicks)
during action anticipation. We hypothesized that (1) based on those
aforementioned studies, prior cues would influence action anticipation;
(2) expert goalkeepers would outperform novices on the cue-anticipa-
tion task because long-term sports training may improve the efficiency
of information processing related to their field of expertise; and (3) the
amplitudes of both cue-locked and target-locked components would be
influenced by prior cues. We also anticipated that the ERP components
would show a between-group effect. By revealing the temporal evolu-
tion of cognitive processing, the present study may shed new light on
the effect of nonkinematic information on action anticipation within
sport expertise at the neural level.

2. Method

2.1. Participants

Twenty-five soccer players (considered experts) and 25 age-mat-
ched college students (considered novices) were recruited for the study
(Table 1). All participants were men and were right-handed. The ex-
perts had more than 4 years of soccer goalkeeping training and played
in professional football clubs, whereas the novices had no soccer ex-
perience. All participants had normal or corrected-to-normal vision and
had no history of psychiatric, medical, or neurologic illness. All parti-
cipants provided written informed consent prior to the study. The ex-
perimental protocol was approved by the Shanghai University of Sport
ethics committee.

2.2. Stimulus and task

Videos of an expert male soccer player performing a series of pen-
alty kicks were recorded using a digital video camera (Canon 1D; 23 Hz;
resolution, 1920×1080 pixels) that was placed in the center of the
goal and positioned 1.65m above the ground to simulate the point of
view of a goalkeeper attempting to save penalty shots at the goal. The
ball was positioned 9.15m from the camera. The player was instructed
to kick the ball toward one of the four corners of the goal and to start
running from the left rear of the ball. These videos were then processed
using Adobe Premiere software (Adobe Systems Incorporated, San Jose,
CA, USA). The kicker’s face in the video was blurred to eliminate the

Table 1
Participant Characteristics.

Experts Novices

Number 25 25
Age, mean ± SD, years 16.32 ± .85 19.16 ± .85
Years of training, mean ± SD 7.68 ± 2.23 0
Training frequency (days/week) 5–7 0
Training time (hours/day) 3–4 0
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influence of facial features. Those videos with obvious head movements
were excluded to retain only the kinematic information of the kicker.
Furthermore, each video was temporally occluded 50ms before the ball
left the kicker’s foot and modified to the same duration (750ms). Pilot
testing showed that this moment of occlusion ensured prior information
and expert advantage effects. Finally, we selected 122 videos, with 29
exhibiting top-left-directed kicks, 40 exhibiting down-left-directed
kicks, 24 exhibiting top-right-directed kicks, and 29 exhibiting down-
right-directed kicks (resolution, 1024×576 pixels).

In the cue-anticipation task, participants were required to predict
the fate of the ball and press the corresponding keys as quickly and as
accurately as possible (top-left, press “A” key; down-left, press “X” key;
top-right, press “L” key; down-right, press “M” key). Before that, par-
ticipants were instructed to watch the arrows carefully. The arrows
were used as prior cues and did or did not provide accurate information
about the ball trajectory in the upcoming videos (target stimuli). Three
experimental conditions were used based on the consistency between
the prior cue and target: (1) neutral, (2) congruent, and (3) incon-
gruent. To ensure that the participants believed and used the cues, the
directional arrows correctly indicated the ball trajectory 60% of the
time (congruent). For incongruent trials, the cue arrow was followed by
a target video showing a kick in a different direction. The cue for the
neutral condition was an asterisk, and its appearance provided no di-
rectional information. The incongruent and neutral trials alternated
with 20% probability each. All participants were told that the prior cues
may or may not provide accurate information and that the probability
of congruent trials would be greater than that of the other two types of
trials.

The task included two blocks of 300 total trials, with a rest provided
between blocks. The probabilities of kicks toward the four corners in
each block were equal. A trial started with the presentation of a central
3.3°× 3.3° arrow lasting for 500ms, followed by a blank screen for
1500ms (Fig. 1). A kick video was then presented at the center of the
monitor, in which the player’s angle was 3.3° (horizontal) × 5.0°
(vertical). At the end of each video presentation, a prompt frame with
the word “Press” was presented, requesting participants to press a key
to indicate the predicted direction of the kick. The intertrial interval
was varied between 1500 and 2000ms.

During the experiment, participants sat in a quiet room approxi-
mately 60 cm from a 19-inch Lenovo monitor on which stimuli were
presented on a gray background. The experimental task was designed
and run using E-Prime software (Vision 2.0, PST, Inc., Pittsburgh, PA,
USA).

2.3. ERP data recording and preprocessing

Brain electrical activity was recorded from 64 Ag/AgCl electrodes

arranged according to the International 10–20 System with a sampling
rate of 500 Hz (Brain Products GmbH, Munich, Germany). The vertical
electrooculogram (VEOG) was placed below the left eye and horizontal
electrooculogram (HEOG) was placed lateral to the right eye.
Electroencephalography (EEG) activity was online referenced to the
FCz site; the AFz site served as the ground electrode. All electrode
impedances were maintained below 10 kΩ.

The EEG activity was analyzed off-line. First, the signals were re-
referenced to that for the mean of the left and right mastoid (Gootjes,
Coppens, Zwaan, Franken, & Van Strien, 2011). The ocular artifacts
were removed from the EEG signal using a regression procedure im-
plemented in the Brain Vision Analyzer software (Gratton, Coles, &
Donchin, 1983). The epochs were then filtered with a 30 Hz low-pass
cutoff and a 0.1 Hz high-pass cutoff (slope, 24 dB/oct). One of the
classic ERP components elicited by the classic cue-target paradigm is
the contingent negative variation (CNV), which reflects preparation to
the target response based on the information conveyed by the cue (Fan
et al., 2007; Gómez et al., 2004; Gomez, Marco, & Grau, 2003). For each
of the three conditions, the CNV component was acquired by seg-
menting into 2200ms with respect to cue markers (−200–2000ms
relative to prior cue onset). The target-locked ERP components were
acquired by segmenting into 1000ms with respect to the video pre-
sentation (−200–800ms relative to onset of the kicking video). The
baseline was corrected using the −200 to 0ms prestimulus period.
Epochs with signals that exceeded± 100 μV were rejected.

2.4. Data analysis

For the behavioral data, we calculated the percentage of correct
responses (accuracy) and the reaction time (RT) for each experimental
condition. Trials in which participants responded earlier than 100ms or
later than 3000ms from the end of the video presentation were dis-
carded from the analysis (Tomeo et al., 2012). Discarded trials
amounted to 5.4% (SD=5.43%) of the total trials and no difference
between the two groups was found (t=0.15, p= .882). Both accuracy
and RT were then entered into a two-way mixed-model analysis of
variance (ANOVA), with group (expert vs. novice) as the between-
subject factor, and condition (neutral, congruent, and incongruent) as
the within-subject factor.

For the CNV component, based on visual inspection of the grand-
averaged ERP waveforms, early CNV was measured as the mean am-
plitude in the 270–700-ms window following cue onset (Klorman &
Bentsen, 1975). On the basis of the topographical distribution of grand-
averaged ERP activity and of results from previous studies (Duan et al.,
2015; Funderud et al., 2013; Hong, Wang, Sun, Li, & Tong, 2017), the
average of the CNV amplitude measured on six electrode sites (Fz, FCz,
F1, F2, FC1, and FC2) was used for statistical analysis.

Fig. 1. The procedure showing the three types of trials: 20% neutral (Neu) trials, 60% congruent (Con) trials, and 20% incongruent (InCon) trials. Cue-locked and
target-locked event-related potential components were analyzed.
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For the target-locked components, we analyzed the averaged peak
amplitudes of the N1, N2, and P3 components across different sets of
electrodes in accordance with grand-averaged waveforms and the to-
pographical distribution of grand-averaged ERP activity (for N1: FCz,
Cz and CPz; for N2: Fz, FCz and Cz; for P3: Fz, FCz, FC1 and FC2). The
time windows were 90–140ms for N1, 205–270ms for N2, and
270–340ms for P3. The mean amplitude for each component in the
selected electrode sites was also entered into a 2 (Group: expert and
novice)× 3 (Condition: neutral, congruent and incongruent) ANOVA.

Statistical analysis was performed using SPSS 20.0 (IBM SPSS, Inc.,
Chicago, IL, USA). The post hoc test of significant main effects was
corrected using Bonferroni corrections. A simple effects test, which also
used Bonferroni corrections, was conducted when the interaction was
significant. All statistical analyses were conducted using a significance
level of p= .05. Partial eta-squared (ηp

2) values were reported to de-
monstrate the effect size in the ANOVA.

3. Results

3.1. Behavioral results

The results of the ANOVA examining accuracy revealed significant
main effects of group (F(1, 48)= 8.84, p= .005, ηp

2 =0.16) and con-
dition (F(2, 96)= 166.66, p < .001, ηp

2 =0.78). The interaction be-
tween group and condition was also significant (F(2, 96)= 12.22,
p < .001, ηp

2 =0.20). The simple effects analysis of the interaction
indicated that for both neutral and incongruent conditions, experts
showed greater accuracy than novices (p < .001 for both), whereas
there was no significant difference in accuracy between the groups for
the congruent condition (p= .107). The accuracy for the congruent
condition was greater than that for the neutral condition, which was in
turn greater than that for the incongruent condition for both groups
(p < .001 for all).

The results of the ANOVA examining RT revealed a significant main
effect of condition (F(2, 96)= 24.43, p < .001, ηp

2 =0.34). The RT for
the congruent condition was lower than that for the neutral condition
(p= .001), and the RT for the neutral condition was lower than that for
the incongruent condition (p < .001). The group factor and its inter-
action with condition were not significant (Table 2).

3.2. ERP results

3.2.1. Cue-locked ERP component
Based on the grand-averaged waveforms (Fig. 2), the early CNV

component was elicited by the cues. The results of the 2× 3 ANOVA for
the CNV amplitude revealed a significant main effect of condition (F(2,
96)= 12.26, p < .001, ηp

2 =0.20). The post hoc test showed that the
CNV amplitude was larger in the neutral condition than in the con-
gruent (p= .006) and incongruent (p < .001) conditions. The group
factor and its interaction with condition were not significant.

3.2.2. Target-locked ERP components
The N1 component was elicited approximately 100ms after the

onset of the video. The results of a 2×3 ANOVA indicated that the
main effect of group was significant (F(1, 48)= 29.24, p < .001, ηp

2

=0.38). The group× condition interaction was also significant (F(2,
96)= 3.66, p= .029, ηp

2 =0.07). Simple effects analyses showed that
the N1 amplitude was larger for the incongruent than for the congruent
condition in experts (p= .017), but no significant difference was found
among the three conditions in novices (p≥ .060 for all). In addition,
the N1 amplitude was larger in experts than in novices for all three
conditions (p≤ .001 for all).

In addition to the N1 component, a frontal N2 component was also
observed (at approximately 200ms after the onset of the video). The
results of a 2×3 ANOVA indicated that the interaction between group
and condition was significant (F(2, 96)= 4.13, p= .019, ηp

2 =0.08).
Simple effects analyses showed that the N2 amplitude was larger for the
incongruent condition than for the neutral condition in experts
(p= .030), but no significant difference among the three conditions
was found for novices (p≥ .993 for all). The N2 amplitude was larger in
experts than in novices only for the incongruent condition (p= .029),
with no difference in N2 amplitude found between groups for both the
neutral and congruent conditions (p≥ .243 for all). However, the main
effects of group and condition, as well as the interaction with P3 am-
plitude, were not significant (Fig. 3).

4. Discussion

The present study explored the effect of prior cues on action an-
ticipation in experts compared with that in novices. A cue-anticipation
task was used that asked participants to predict the fate of soccer-spe-
cific penalty kicks that had been visually cued by the presentation of
one of three images, namely, two directional arrows or a nondirectional
asterisk. As expected, we found that the prior cues significantly influ-
enced action anticipation of the penalty kick outcome and that experts
outperformed novices even when the direction of the kick anticipated
by the visual body kinematics and the direction of the prior arrow were
incongruent. The different behavioral performances observed between
these two groups were unrelated to the processing of prior cues but
were reflected in the effects of these cues on early visual attention
processing and the upregulation of cognitive control during the ob-
servation of incongruent versus congruent actions.

Consistent with the study by Mann et al. (2014), the anticipatory

Table 2
Accuracy and reaction time (RT) for the three conditions in both groups.

Condition Neutral Congruent Incongruent

Variable Group Mean SD Mean SD Mean SD

Accuracy (%) Experts 48.02 8.62 69.08 15.28 36.82 11.91
Novices 37.94 9.87 76.04 14.65 20.24 14.45

RT (milliseconds) Experts 482.56 257.83 411.01 177.24 555.86 301.20
Novices 425.82 160.28 369.07 148.07 477.82 232.15

Fig. 2. The grand-averaged ERPs elicited by the cues at the Fz and the scalp
topography reflect the distribution of the CNV component. Neu, neutral con-
dition; Con, congruent condition; InCon, incongruent condition.
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performance of experts was decreased when anticipating kicks incon-
gruent with prior cues and increased when anticipating kicks congruent
with prior cues. These results suggested that prior cues influence an-
ticipatory judgments of experts in both a faciliatory and detrimental
manner. We also found that experts were more accurate than novices in
both neutral and incongruent conditions. Such an expert advantage is
unsurprising. Expert athletes are able to use body kinematic informa-
tion to predict the outcomes of actions in their domain of expertise
(Abernethy & Zawi, 2007; Aglioti et al., 2008; Farrow & Abernethy,
2003; Urgesi et al., 2012). Our results indicated that experts inhibited
or updated (or both) the expectations from the incongruent prior cues
and predicted the fate of penalty kicks based on information provided
by body kinematics. In support of Bayesian theory, individuals would
strive to reduce the uncertainty and integrate prior information and
visual kinematic information when they made final judgements. Com-
pared with novices, experts used more optimal integration, resulting in
superior anticipatory performance especially on incongruent trials
(Gredin et al., 2018). Previous studies have primarily focused on the
visual kinematic body information needed for action anticipation,
whereas the present study provides evidence that the use of multiple
sources of information may be more successful.

An entirely novel result of the present study is the comparable level
of cognitive processing between experts and novices during the cue-
anticipation task. Inconsistent with our hypothesis, no significant dif-
ference was found between experts and novices in the frontal CNV
amplitude in response to the presentation of cue arrows. Taken together
with the behavioral results, this finding suggests that expert advantage
may not be related to the cognitive preparation before the target video
presentation (Kamijo & Masaki, 2016). However, this result is incon-
sistent with those of some previous studies that have shown that expert
athletes could effectively use advanced cues to enhance their cognitive
or response preparation during the cue-target interval in a domain-
general spatial cueing task (Hung et al., 2004; Wang & Tu, 2017). One

plausible explanation for this discrepancy may be the differences in the
nature of the target task (i.e., a domain-general reaction task vs. a sport-
specific anticipation task). Although the experts could use the prior cue
to create an anticipatory representation of the action outcome, they
tended to integrate it with body kinematic information to optimize the
anticipatory performance under uncertain circumstances (such as an-
ticipating the occluded penalty kick actions).

In line with this interpretation, a significant interaction was found
between group and condition, such that experts, but not novices,
showed higher N1 and N2 amplitudes elicited by the kick videos for the
incongruent condition than for the congruent or neutral condition.
These N1 and N2 amplitude findings indicated that experts were more
susceptible than novices to the influence of different kinds of cues on
action anticipation. Specifically, experts could distinguish the con-
gruency between prior information and kinematic information during
the early processing of the kicking videos, which was also supported by
the behavioral results. This idea is consistent with recent findings that
the anticipatory performance of athletes is strongly influenced by
nonkinematic (contextual or situational) information (Broadbent,
Gredin, Rye, Williams, & Bishop, 2018; Gray & Cañal-Bruland, 2018;
Loffing & Cañal-Bruland, 2017; Runswick, Roca, Williams, McRobert, &
North, 2018a). Although the performance of novices was also affected
by prior information, the ERP results suggested that novices anticipated
solely based on the advance visual cues, ignoring the visual kinematic
body information provided by the videos. These data also support the
experts’ superiority over novices in predicting action outcomes based
on body kinematics (Huys et al., 2009; Loffing & Hagemann, 2014b;
Williams, Huys, Canal-Bruland, & Hagemann, 2009).

Given that the N1 amplitude reflects selective attention to stimulus
properties (Moore, Lepine, & Ellemberg, 2017), we suggest that the N1-
related findings indicate that experts paid greater attention when ob-
serving kick actions that were incongruent with prior cues than when
observing kick actions that were congruent with prior cues. Previous

Fig. 3. (A) The grand-averaged ERP waveforms and the scalp topographies of the three target-locked components. (B) The N1 and N2 amplitudes in response to the
three experimental conditions (Neu, neutral; Con, congruent; InCon, incongruent) in both groups (expert and novice). *p < .05 between the conditions or groups
indicated.
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evaluations of athletes have also observed their higher N1 amplitudes
relative to novices (Di Russo & Spinelli, 2010; Hung et al., 2004). We
also found that the frontal N2 amplitude for the incongruent condition
was larger than that for the neutral condition only in experts. In addi-
tion, a larger N2 amplitude was observed in the experts than in the
novices only for the incongruent condition. This provides strong sup-
port for the conflict interpretation of the N2 component because the N2
amplitude was previously found to be increased for an unexpected or
incongruent stimulus (Donkers & Van Boxtel, 2004; Purmann, Badde,
Luna-Rodriguez, & Wendt, 2011). The findings of these early activities
are in support of a study exploring the neural correlates of sport-related
action observation (Amoruso et al., 2014). In their study, participants
watched realistic videos of tango steps in which the end of the step
could be correctly or incorrectly executed. Compared with novices,
expert dancers showed greater positive activity while observing in-
correct videos than correct ones, even from 250ms before the last step.
The authors proposed that experts could predict the future steps based
on their own motor system in a dance context, and the incongruent step
with the triggered expectation would elicit enhanced activity (Friston,
2012). Therefore, the difference between the conditions for this early
activity may be due to the expectation of incoming kinematic in-
formation triggered by prior cues for experts. Experts could identify this
congruency earlier than novices by using selective attention and con-
flict monitoring of the kinematic information. These results, together
with the greater accuracy of experts relative to novices, indicate that
attention and conflict monitoring during the observation of the incon-
gruent actions underpin the superior action anticipation in experts.
Thus, early perceptual and conflict ongoing brain activities can be used
to discriminate sport expertise and prior cues.

4.1. Limitations

The first limitation of the present study was the enrollment of all
men. Although this helped to ensure homogeneity among the partici-
pants, future studies could explore these issues in women or consider
gender as a factor. Second, multiple levels of athletic ability could be
considered to further investigate the interaction between expertise level
and prior information on action anticipation. Third, we used a tradi-
tional analysis of EEG data even for the video-elicited EEG. To gain a
deeper understanding of the neural mechanisms involved in the role
that prior information plays in action anticipation, other data analysis
methods, such as time-frequency analysis, should be used (Denis, Rowe,
Williams, & Milne, 2017; Wang et al., 2017). The time frequency allows
for the investigation of event-related changes in the magnitude (power)
and temporal synchronicity (phase) of oscillations at specific fre-
quencies (Makeig, Debener, Onton, & Delorme, 2004), which could
provide more information about ERP data. Finally, the current findings
may not be generalizable to the anticipation of deceptive actions, be-
cause the kicker in the videos was required to not act deceptively (Dicks
et al., 2010). Therefore, the present work needs to be extended to ad-
ditional types of actions, which may induce different cognitive pro-
cessing during the integration of prior and kinematic information. De-
spite these limitations, we believe the present study adds novel findings
to the current literature on motor expertise.

4.2. Conclusion

In summary, the present study showed that improved anticipation
of penalty kick direction in soccer may be achieved by using prior cues
that reflect the potential kick direction. Experts were better than no-
vices at integrating prior cues and kinematic body information to more
accurately anticipate the direction of the penalty kicks. This superior
performance in experts was associated with greater attention invested
at an early stage of cognitive processing and continued conflict mon-
itoring.
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