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The role of the opponent’s head
In perception of kick target
location in martial arts
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Athletes in Martial Arts must anticipate the target of their opponent's kick or
strike to avoid contact. Findings suggest that features, e.g., head and face may
play a greater role in predicting opponent action intent compared to global
movement information, however little research has explored the role of the
head in action anticipation. The aim of this study was to examine the role of
the head in predicting the target of a kicking action in martial arts. N=76
volunteer participants (n =32 athletes>5 years of experience, n=36 non-
athletes with no experience) were asked to watch a series of video clips
depicting various kicking techniques with differing levels of spatial occlusion
of the head. These clips were also temporally occluded compelling
participants to predict the landing target of each kick (i.e., head or chest). The
hypothesis of the current study is that athletes would be more accurate than
non-athletes, but there was no significant effect of expertise on accuracy.
Both athletes and non-athletes performed well above chance level
performance. Head occlusion did not significantly influence performance and
did not interact with expertise, suggesting head and face information did not
play a role in predicting opponent action intent. Across participants the
landing target of the roundhouse kick was identified with greater accuracy
than the front or the back kick. Additionally, participants identified kicks from
the rear leg with greater accuracy than the front leg. These findings have
significant implications for combat sports where athletes are required to
anticipate the action intent of their opponent to formulate an effective
defensive response.

KEYWORDS

accuracy, kick, expertise, face, head, intention, perception

Introduction

Combeat sports are dynamic and fast paced, requiring athletes to predict the movement
intentions of their opponent based on body movement cues. Fighting stance, head
movement and pace of movement are just some of the visual cues athletes use to
anticipate their opponent’s next attack and inform an appropriate defensive response.
Elite performance in fighting sports of Martial Arts (e.g., King Fu, Karate, Judo,
Jiyjitsu) is dependent on an athlete’s perceptual performance, particularly given the
constraints presented by the size of the competition space which forces fighters to
always remain close to one another (1).

Perceptual-motor expertise gained through task-specific training and effective practice
enhances perceptual performance on similar tasks (2, 3). Biological motion research
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broadly explores the mechanisms underlying perceptual-motor
expertise and the contexts where skilled perceptual ability can
elicit ideal responses and improve performance (4). This is most
relevant to the current study which examines the perceptual
capacity of individuals to use biological motion cues to predict
attack location in a competitive sporting context.

Research demonstrates that humans can extract internal state
and intention information such as fear, emotional states, gender,
sexual orientation, and deceit (5-10) from human movement, at
above chance levels, depending on the tasks and type of visual
display. Techniques that occlude or manipulate movement
information and examine the impact this has on perceptual
performance, identify the value of certain biological motion cues
(11). For example, spatial occlusion of the trunk and attacking
arm hindered expert fencers, suggesting they rely on these cues
for perceptual performance (12). However, occluding various
parts of the body had no impact on perceptual performance
amongst Taekwondo athletes, suggesting biological motion
perception has the potential to be maintained even when part of
the stimulus is visually obstructed (13). This suggests that
individuals with perceptual-motor expertise may have developed
the capacity to use specific cues learned through experience. That
is, they do not need to perceive all details of the stimulus to
excel in perceptual performance (14-16).

Disparities in perceptual performance have been found
between athlete and novice groups across a variety of ball sports
(17-20), indicating that athletes demonstrate a heightened level
of perceptual performance by utilizing kinematic cues (21-23).
This ability is essential in combat sports such as Martial Arts,
athletes
formulate an appropriate defensive response with speed and

where must recognize offensive movements and
accuracy (11). Across a range of combat sports extensive task
specific perceptual-motor practice allows Martial Artists to
accurately anticipate future movements based on kinematic cues
(11, 12, 24-29). However, reaction time findings have yielded
mixed results, indicating that athletes perform slower than non-
athletes on perceptual tasks (30, 31) or the same (32-35).

Another consideration is the visual strategies used by martial
artists to increase intent accuracy of an opponent. This generally
consists of individuals scanning along the vertical axis of their
opponent’s body, shifting their visual gaze between the head and
trunk, thus allowing accurate anticipation of future movement.
This visual strategy, in which visual gaze is fixed on the most
central features of the body, allows for the detection of kinematic
changes more efficiently using peripheral vision, thus producing
a superior level of perceptual performance (11). Conversely,
novices tend to fixate their gaze on the peripheral features such
as the upper and lower limbs (12, 24, 26, 28, 36). Therefore, the
visual focus combat athletes place on their opponent’s chest and
head area would seem to play a key role in their performance
success. Despite this research, it is unclear what specific
information athletes extract from the upper body to guide their
performance in combat sports.

The role the head and chest play in guiding perceptual
performance is a matter of ongoing debate. The head is the most
central and stable part of the body in combat sports and can
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serve as a fixation point, allowing for efficient use of both central
and peripheral vision in detecting movement (37, 38). However,
it is possible that facial information provides anticipatory cues
given the important survival functions they play in conveying
social information related to emotion and intention (39, 40).
Facial expressions are perceived in the same automatic manner
as movement (41, 42) and have been shown to play a role in
accurately predicting sporting outcomes in baseball (43) and
Taekwondo (44). However, Prigent et al. (45) examined this
effect in basketball and found that facial expressions were used in
effort-judgements but not in action-anticipation, with a larger
emphasis placed on body movement for predicting the landing
location of thrown balls. It is possible that athletes may question
their truthfulness in providing accurate anticipatory cues due to
the ability to manipulate facial expressions to hide information (46).

In combat sports, anticipatory cues may be extracted from
several sources including redistribution of weight, and elevation of
centre of mass (2), knee (47), and punch or kick (48). Facial
expressions may also aid perceptual performance (49), yet only one
study has examined the face and head as a source of perceptual
information previously. In the Martial Arts discipline of Petri et al.
(23) found that facial information had no effect on perceptual
performance, indicating they provide no useful anticipatory cues.
Furthermore, the authors suggest that the removal of facial
information encouraged athletes to attend to other, more relevant
kinematic cues including the head and trunk. Consistent with this,
reaction time increased in the presence of facial expressions,
potentially due to the additional time required to process facial
expressions. However, research specific to combat sports remains
limited with no research examining whether perceptual-motor
expertise influences the extent to which facial information or other
kinematic cues are used to anticipate attack intent.

The purpose of the current study was to examine what visual
information Martial Artists and novices utilize during perceptual
performance based current research evidence related to the visual
cues attained from the head and face and used in movement
anticipation. Specifically, we aimed to examine whether the role
of the head and face role is limited to a fixation point or whether
facial information provides important anticipatory cues used to
predict movement outcomes. In line with previous findings, we
that athletes
predictions, and with shorter reaction times than novices across

hypothesized would make more accurate
all conditions of spatial occlusion. Additionally, we hypothesized
that athlete performance would be hindered by the presence of
facial expressions but impeded by the complete removal of the
head. We expected to find no differences among non-athletes

across spatial occlusion conditions.

Methods
Participants
Thirty-three active Martial Arts athletes (males = 20, females =

13; mean,g, = 34.4 + 15.6, range,,. = 18-71) with more than 5 years
of experience, forty-four non-athletes (males=9, females =34,
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other = 1; mean,, = 23.5 + 6.4, range,g. = 18-51) with no martial
arts experience volunteered to participate in this study and
provided a complete data set. Participants in the athlete group
had at least 5 years of training experience (mean years of
training=15.7 £8.7) across a range of styles of Martial Arts
including Karate, Tackwondo, Kickboxing, Mixed Martial Arts,
Muay Thai, and Kung Fu. Non-athletes were recruited from first
year psychology students via an online recruitment system and
received course credit for participation. Eighty-eight participants
provided informed consent in accordance with the ethical
procedures approved by the University Human Ethics Committee
and completed the online task, but eleven athletes were excluded
as they had less 5 years martial arts experience, and a further
nine participants (one athlete and eight non-athletes) were
excluded due to high levels (>30%) of responses prior to
stimulus presentation, indicating that they were not performing
the task as instructed [Approval number: H14383].

Materials

A spatial occlusion technique was used to manipulate head and
face visibility and directly compare the effect this would have on
perceptual performance between athletes and non-athletes.
Specifically, a video-based task was built and hosted using the
online data collection platform Gorilla.sc, and participants were
instructed to complete the task on any laptop or desktop
computer with a minimum screen size of 14 inches. The video-
stimuli used in the task displayed a senior female Martial Artist
demonstrating one of three fundamental kicking techniques

(front kick, roundhouse kick, back kick) from the first-person

10.3389/fspor.2024.1468209

perspective, using either the front or rear leg and aimed at either
head or chest level. Each stimulus clip began with a freeze frame
lasting 3,000 ms, followed by initiation of the technique. The clip
was occluded just prior to its completion so the landing location
was not visible. Additionally, visibility of the athlete’s head and
facial expressions were manipulated using the Adobe Premier
PRO (version 9.0.0, Adobe Systems). The face was either
unmanipulated (C1), blurred (C2) or the head was erased
completely (C3) (Figure 1).

Procedure

The session began with participants completing a short
questionnaire that gathered data on age, gender, and level of
martial arts experience, which was followed by the video-based
task. Prior to commencing the video-based task, participants
were told that they would observe a randomized series of clips
which depicted a martial artist performing a variety of kicking
techniques. After viewing each clip participants were required to
indicate whether they anticipated that the athlete’s kick was
aimed at a hypothetical opponent’s chest by pressing the “c” key,
or at the head by pressing the “h” key of the computer keyboard.
Participants were also given a practice trial prior to starting the
test sequence to ensure they were familiar and comfortable with
the task requirements. Each video-stimulus was presented at all
levels of manipulation twice; 3 head cue manipulations x 3 kick
types x 2 kick landing locations x2 legsx2 repetitions. The
seventy-two trials were presented in randomized order to avoid
predictability. The outcome variables were proportion of correct
responses (Accuracy) and time taken to respond on correct

FIGURE 1

removed.

Head and face visibility manipulation. Spatial occlusion conditions. C1 (condition 1): normal; C2 (condition 2): face blurred; C3 (condition 3): head
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response (Reaction Time) after the start of the video playback. Any
responses made prior to 3,000 ms were made before the onset of
biological motion.

Results

Of the participants who provided a complete data set (n = 88),
nine participants were excluded from the final analysis as more
than 30% of their responses were less than 3,500 ms, indicating
that they did not complete the task as instructed leaving (n =79).
Thirty-two participants were athletes (>5 years’ experience), 36
novices (no experience), and eleven had martial arts experience
but less than 5-years’ experience. Analysis of athletes and non-
athletes was conducted on the data of 68 participants.

To analyze the data, we created a linear mixed-effects model of
accuracy and reaction time data in RStudio (version 2023.12.0) using
the Lme4 package. We used the linear mixed effects model to
analyze the data in preference to an ANOVA due to the complex
within- and between-subject nature of the experimental design.
The linear mixed effects model is better able to estimate the
variance due to subject and condition and to account for any
correlated errors in the data, leading to a more accurate estimate
of error. The linear mixed effects models included participant
group (athlete and non-athlete), head visibility condition (visible,
head blurred, head absent), kick type (front, roundhouse, back),
kick landing location (head, chest) and leg (front, rear) as fixed
effects. A random intercept was included for participants, and
random slopes for kick type, kick landing location and leg for the
model of accuracy, as this was determined to be the optimal fit. A
random intercept for participants, but no random slopes for the
other factors, was included in the model of correct reaction-times,
as the more complex model did not converge. The effect size of
the predictor variable on the outcome variable was assessed using
Cohen’s f%, by comparing the full model and the reduced model
with the predictor variable removed. Satterthwaite’s method was
used to determine degrees of freedom and significance of fixed
effects and interactions (50) using the afex package. Simulations
using this method of significance estimation produced acceptable
Type I error rates for small samples (51). As there is no simple
way to assess power with a linear mixed effects model, Monte
Carlo simulations with the model used have been suggested as the
most appropriate way to estimate power. Consequently, we ran
simulations using the linear mixed effects model of accuracy with
the SIMR package. These simulations showed that there was 76%
power to detect a fixed effect of group of 0.2 using the linear
mixed effects model employed for accuracy.

Contrary to our hypothesis, athletes (mean = 0.68, sd = 0.10) in
our sample were not more accurate than non-athletes (mean = 0.66,
sd=0.09) in determining the target location of the kick, as
evidenced by the absence of a main effect of athlete grouping on
accuracy, F<1 (Figure 2a). Nonetheless, both athlete and non-
athlete participants were above chance in correctly determining
the target location [tz;)=9.85, p <0.001; f35)=11.46, p<0.001,
respectively]. Also, contrary to our hypotheses, there was no
evidence that athletes (mean = 4,215, sd =409) were significantly
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faster than non-athletes (mean=4,342, sd=409) in making
correct judgements about the target location, with the main effect
of athlete grouping failing to reach the declared level of
significance, F, ¢, =1.38, p=0.24 (Figure 2b). Due to the
differences in gender balance between the athlete and non-athlete
participants we assessed whether there was any evidence of effect
of gender on accuracy or reactions times. There is no evidence in
the data from the current study of a significant difference in
accuracy between male and female participants (male accuracy =
0.686, female accuracy = 0.659, Welch two sample #4531y =1.103,
p=0.2757, 95% CI=(—0.076 0.022); or of a significant difference
in reaction time [male RT =4,252.284, female RT =4,305.652,
Welch two sample f(s7.45) = 0.525, p = 0.601].

Spatial occlusion did not significantly influence target location
accuracy (C1 mean = 0.68, sd =0.11, C2 mean = 0.66, sd = 0.11, and
C3=0.66, sd=0.11) when assessed across all participants,
Fo, 4492)=1.145, p=0.32 (Figure 2c). Furthermore, contrary to
our hypotheses, there was no evidence of an interaction between
athlete grouping and spatial occlusion on accuracy, F<1.
Similarly, across all participants, there was no evidence of
differences in correct reaction times as a function of spatial
occlusion (C1 mean = 4,229, sd =374, C2 mean =4,299. sd = 410,
C3 mean = 4,311, sd =577) F, 3099) = 1.463, p =0.23 (Figure 2d),
and there was no evidence of an interaction between athlete
grouping and spatial occlusion, F<1. However, this result is
consistent with the prediction that there would be no differences
across spatial occlusion conditions among non-athletes.

Across both athlete and non-athlete participants there were
differences in accuracy and correct reaction times for the different
kick types, and as a function of which leg was used to perform
the kick. Figure 3 shows both accuracy and correct reaction times
for the various kick types and for the forward and rear leg. From
this figure it is apparent that participants were more accurate in
assessing the target location of the kick for the roundhouse (mean
=0.75, sd =0.15), than for the back (mean=0.66, sd=0.13), and
the least accurate for the front kick (mean=0.60, sd=0.11),
evidenced by a main effect of kick type, F,, 35 =38.59, p<0.001,
Cohen’s f*=0.21, there was no evidence that this comparison
interacted with athlete grouping F<1. Pairwise comparisons
between the three different kick types confirmed that accuracy was
greater for roundhouse than for front [t;)=7.52, p<0.001] and
for back [t =520, p<0.001], and that accuracy for the back
was greater than for the front kick [f;)=3.41, p=0.001].
Reaction times were faster for the roundhouse (mean=4,261,
sd=615) and the front kick (mean=4,119, sd=386) than the
back kick (mean=4,471, sd=407), which was confirmed by a
main effect of kick type, F(33 108 =26.19, p<0.001, Cohen’s
f#=0.03, the interaction between kick type and athlete grouping
approached but failed to reach the declared level of significance,
F23,108) = 2.50, p=0.08. Pairwise comparisons between the three
different kick types confirmed that responding was slower for the
back than the front [f;=10.88, p<0.001] and for the
roundhouse kick [t4;,=5.003, p<0.001] but there was no
evidence for a significant difference for the front and roundhouse
kicks when controlling for multiple comparisons [te;) =2.11,
p=0.038]. From Figure 3 it is also apparent that participants were
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more accurate in assessing the target location of the rear leg
(mean =0.72, sd =0.13) than the front leg kicks (mean = 0.62,
sd=0.08), which was confirmed by a main effect of leg
position F(; 675 =47.39, p<0.001, Cohen’s f2 =0.07, there was
no evidence that this interacted with athlete grouping, F<1.
The greater accuracy for the rear leg kicks is associated with a
slower reaction time (Rear mean =4,358, sd =503, Forward
mean =4,195, sd=393) which was also confirmed by a
main effect of leg position, F(; 3106 = 16.04, p <0.001, Cohen’s
f>=0.02, but there was no evidence for an interaction with
athlete grouping, F< 1.

Frontiers in Sports and Active Living

Discussion

The purpose of this study was to examine the role of the head
of an opposing individual when predicting the action intent of
kicking techniques in Martial Arts. We hypothesized that athletes
would predict the landing location of kicks at different levels of
spatial occlusion faster and more accurately than novices.
However, data analysis indicates that athletes were no more
accurate and did not exhibit faster reaction times than novices,
indicating there was no effect of expertise on predicting
action intent. This is contrary to movement perception findings
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which indicate an effect of expertise on action intent accuracy in
the sporting field especially balls sports (17-20, 52, 53), and
more specifically in the field of combat sports (11, 12, 24-29).
We note that there were differences in the gender balance
between the athlete and non-athlete groups but there was no
evidence that participant gender influenced accuracy or reaction
times. Our findings contribute to the mixed results found when
exploring the effect of expertise on reaction time in combat
sports (30, 32-35, 54-57).

Data analysis showed no significant differences in reaction time
or accuracy of action intent estimation between participants across
different levels of spatial occlusion of the head. This suggests that

Frontiers in Sports and Active Living

head information and more specifically facial information may
not always play a critical role in intention prediction in combat
sports. This is contrary neurophysiological research using
preferential looking paradigms which demonstrates an attentional
bias to the human body and face, that emerges early in
development and suggests that biological motion perception is
hardwired (58, 59). Moreover, some research examining eye
movement in combat sports shows that a large visual focus is
placed on the head of an athlete’s opponent. It is unclear
however, whether this is for the purpose of gaze stabilisation (37)
or because useful information can be extracted from facial
expressions or gaze (49). Because there was no effect of spatial
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occlusion on perceptual performance, this indicates that kinematic
information is extracted from global body information rather than
from the head. This aligns with early point-light studies in which
masking of body form had no effect on an individual’s ability to
16, 60-62),
perceptual-motor expertise did not play a role in the global

recognize biological motion (14, and where
processing of information. Like our findings, research has shown
that individuals do not need to perceive all details of a stimulus
to perceive action intent, therefore suggesting a global approach
to processing of kinematic information (14-16, 23).

Our findings also challenge the idea that perceptual-motor
expertise improves an individual’s ability to perceive task-specific
action intent, with expertise not having a statistically significant
effect on accuracy or reaction times. This may be attributed to
the study design where we tested recognition, rather than
response selection and execution. It is feasible that prioritization
of and an ability to recognize biological motion intent is innate,
with refinement development from a young age due to the
importance socially and for survival (63-65), while perceptual-
motor expertise is acquired with experience and used for
response selection and execution. For example, Kuhlmeier et al.
(63) found that the ability to distinguish non-biological motion
from biological motion was already present for 6-month-old
infants. This is corroborated by Simion et al. (64) who
ability of 6-month-olds
biological motion attributes including the direction a stimulus

demonstrated the to distinguish
moves. Yet the recognition of biological agents does not translate
to being able to walk. Infants must first develop muscular
strength and neural coordination to maintain head stability,
sitting posture and eventually standing posture, only then can
they perform skills that they recognize in others (66). This may
remain true for adults perceiving biological motion in combat
sport contexts whereby the task to identify or recognize threat is
hardwired but this does not equate to accurate selection and
execution of response. Consequently, future research could
examine the differences between athletes and novices in action-
response performance.

Different kick types provide differentially salient movement
cues that can be used for the prediction of action intent. And
while not the intent of this study an unexpected finding arose
regarding the effect of kick type and kicking leg on perceptual
performance. Data analysis showed that participants could
identify the target of a roundhouse kick with greater accuracy
than a front or back kick. Like the front kick, the roundhouse
kick involves a motion whereby the kicker must lift their knee
towards the landing location before extending the leg. Because
the kick takes the shape of an arc, the knee must be lifted in a
rounded motion, instead of a straight upward motion like that
used for the front kick. The roundhouse kick is also a forward-
facing kick meaning it is simpler than the back kick, which
involves a backwards turning motion that may aid in
concealment of useful kinematic cues which predict landing
location. It is possible that the redistribution of weight and
change in elevation of centre of mass (2) may account for this
ability. Alternatively, as the roundhouse kick takes longer to
execute (approx. 260 ms) compared to a punch (200 ms) (24), it
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affords more time to accurately interpret cues (67), or if a
rounded motion is just inherently easier to recognize than a
straight upward motion (or both).

Speed is not the only important variable when considering the
effectiveness of kick types. In fact, a power-speed trade-off may also
occur for different kick types. In Martial Arts, variables such as
tempo (speed), as well as rotation of the hips are manipulated in
the ring so that an athlete can throw kicking techniques at
different levels of speed and power to confuse their opponent,
thus decreasing predictability (68). For example, the roundhouse
kick is typically used in combat sports as a “power kick” (or a
“finisher”), and therefore it may be the case that speed is
sacrificed to generate enough force for the kick’s intended purpose.

Participants in this study, regardless of expertise, also
demonstrated greater intent accuracy when the kick originated
with the rear leg compared to the front leg. This may be because
the rear leg is further away, and hence takes more time to
perform a kicking technique, whereas the front leg is closer to
the opponent, taking a shorter amount of time to land. Again, it
is possible the speed-power tradeoff is at play here, with kicks on
the rear leg typically being power kicks. With the roundhouse
kick for example, because the leg has further to travel, the athlete
has more room to turn their hips and generate a larger amount
of force behind the kick. Whereas the athlete has less range of
motion to turn their hips and generate power on the front leg as
this is closer to their opponent.

This study is the first to have directly investigated whether the
head or face is used in action anticipation in combat sports, calling
for further investigation using methodologies which produce more
generalizable findings. However, we acknowledge that subsequent
studies should include other body segments such as trunk/chest.
Overall, however these findings have significant implications for
combat sports where athletes must anticipate the movement
intentions of their opponent and formulate an appropriate
defensive response before the movement is completed. This
provides real-world implications in terms of informed evidence-
based training interventions in combat sports. The increased
salience of certain types of kicks delivered on specific legs can
inform training practices and fight strategy to help fighters gain
an advantage by utilizing techniques that are hardest to identify
and respond to. In addition, this knowledge can inform training
programs used to enhance the safety of individuals across many
lines of work including police officers, paramedics, security
guards and defence personnel, in terms of teaching physical self-
defense techniques that are difficult to identify and therefore
increase their safety.

The findings also align with global processing of information
which posits that biological motion is perceived at a global level
and can be maintained even when the stimulus is visually
occluded. Because there were no differences in performance
between groups this suggests global processing is not dependent
on perceptual-motor expertise. However, further research is
needed to establish what then separates experts from novices, as
it may not necessarily be recognition of movement but what
follows, e.g., response selection and execution. Further research
may also be needed to establish how we can increase our ability
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to identify less salient kicks of certain legs, which could then
inform interventions aimed at improving movement perception.
Lastly, future research should incorporate a broader range of
skill-based stimuli, including strikes, punches, and diverse kicking
techniques from various martial arts disciplines. This approach
will not only diversify the stimulus set and contribute to
advancing knowledge and techniques but also facilitate the use of
match-based stimuli, thereby enhancing ecological validity by

replicating more realistic competitive environments.

Conclusion

The goal of this research was to investigate the practical
applications of the perception of biological motions cues to
sports performance, specifically, the role of the head when
determining action intention associated with different kick types
commonly used in martial arts. The results of this study
indicated that head occlusion did not significantly influence
performance or interact with expertise. This suggests head and
face information did not play a role in predicting opponent
action intent. Moreover, across participants the landing target of
the roundhouse kick was identified with greater accuracy than
the front or the back kick. The difference in accuracy between
kick types is likely a result of the increased exposure time
afforded by a roundhouse kick. These findings suggest that
attention to head and face in Martial Arts does not enhance
intent estimation and therefore should not be a significant focus
during training sessions.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Western
Sydney University Human Ethics Committee. The studies were

conducted in accordance with the local legislation and

institutional requirements. The participants provided their

written informed consent to participate in this study. Written

References

1. Chen WY, Wu SK, Song TF, Chou KM, Wang KY, Chang YC, et al. Perceptual
and motor performance of combat-sport athletes differs according to specific demands
of the discipline. Percept Mot Skills. (2017) 124(1):293-313. doi: 10.1177/
0031512516681342

2. Hoelbling D, Smiech MM, Cizmic D, Baca A, Dabnichki P. Exploration of martial
arts kick initiation actions and telegraphs. Int J Perform Anal Sport. (2021) 21
(4):507-18. doi: 10.1080/24748668.2021.1920314

3. Steel K, Ellem E, Baxter D. The application of biological motion research:
biometrics, sport, and the military. Psychon Bull Rev. (2015) 22(1):78-87. doi: 10.
3758/513423-014-0659-5

Frontiers in Sports and Active Living

10.3389/fspor.2024.1468209

informed consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data
included in this article.

Author contributions

Data
Project administration,

ML  Conceptualization, curation,
Methodology,

Software, Visualization, Writing - original draft, Writing - review

Formal Analysis,
Investigation, Resources,
& editing. TW: Conceptualization, Formal Analysis, Investigation,
Methodology, Resources, Supervision, Software, Writing — original
draft, Writing - review & editing. GW: Conceptualization, Formal
Methodology,
Writing - original draft, Writing - review & editing. KS:

Analysis, Investigation, Resources, Supervision,
Conceptualization, Formal Analysis, Investigation, Methodology,
Project administration, Resources, Supervision, Validation, Writing

— original draft, Writing — review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

4. Brenton J, Miiller S. Is visual-perceptual or motor expertise critical for expert
anticipation in sport? Appl Cogn Psychol. (2018) 32(6):739-46. doi: 10.1002/acp.3453

5. Diaz GJ, Fajen BR, Phillips F. Anticipation from biological motion: the goalkeeper
problem. J Exp Psychol Hum Percept Perform. (2012) 38(4):848. doi: 10.1037/a0026962

6. Grezes J, Frith C, Passingham RE. Brain mechanisms for inferring deceit in the actions
of others. ] Neurosci. (2004) 24(24):5500-5. doi: 10.1523/JNEUROSCL.0219-04.2004

7. Johnson KL, Gill S, Reichman V, Tassinary LG. Swagger, sway, and sexuality:
judging sexual orientation from body motion and morphology. J Pers Soc Psychol.
(2007) 93(3):321-34. doi: 10.1037/0022-3514.93.3.321

frontiersin.org


https://doi.org/10.1177/0031512516681342
https://doi.org/10.1177/0031512516681342
https://doi.org/10.1080/24748668.2021.1920314
https://doi.org/10.3758/s13423-014-0659-5
https://doi.org/10.3758/s13423-014-0659-5
https://doi.org/10.1002/acp.3453
https://doi.org/10.1037/a0026962
https://doi.org/10.1523/JNEUROSCI.0219-04.2004
https://doi.org/10.1037/0022-3514.93.3.321
https://doi.org/10.3389/fspor.2024.1468209
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

Incognito et al.

8. Pollick FE, Kay JW, Heim K, Stringer R. Gender recognition from point- light
walkers. J Exp Psychol Hum Percept Perform. (2005) 31(6):1247-65. doi: 10.1037/
0096-1523.31.6.1247

9. Pavlova MA. Biological motion processing as a hallmark of social cognition. Cereb
Cortex. (2012) 22(5):981-95. doi: 10.1093/cercor/bhr156

10. Stienen BMC, de Gelder B. Fear detection and visual awareness in perceiving
bodily expressions. Emotion. (2011) 11(5):1182-9. doi: 10.1037/a0024032

11. Martinez del Quel O, Bennett SJ. Perceptual-cognitive expertise in combat
sports: a narrative review and a model of perception-action. Rev Int Cienc Deporte.
(2019) 58(15):323-38. doi: 10.5232/ricyde2019.05802

12. Hagemann N, Schorer ], Canal-Bruland R, Lotz S, Strauss B. Visual perception
in fencing: do the eye movements of fencers represent their information pickup? Atten
Percept Psychophys. (2010) 72(8):2204-14. doi: 10.3758/BF03196695

13. Torrontegui Ronco E, Martinez de Quel Pérez 0, Lopez Adén E. El uso de la
informacion visual en situaciones de limitacion temporal en deportistas de élite de
taekwondo. Kronos. (2013) 12:30-9.

14. Bertenthal BI, Pinto J. Global processing of biological motions. Psychol Sci.
(1994) 5(4):221-5. doi: 10.1111/j.1467-9280.1994.tb00504.x

15. Huys R, Cafal-Bruland R, Hagemann N, Beek PJ, Smeeton NJ, Williams AM.
Global information pickup underpins anticipation of tennis shot direction. J Mot
Behav. (2009) 41(2):158-71. doi: 10.3200/JMBR.41.2.158-171

16. Thornton IM, Pinto J, Shiffrar M. The visual perception of human locomotion.
Cogn Neuropsychol. (1998) 15:535-52. doi: 10.1080/026432998381014

17. Abernethy B. Anticipation in squash: differences in advance cue utilization
between expert and novice players. J Sports Sci. (1990) 8(1):17-34. doi: 10.1080/
02640419008732128

18. Roca A, Ford P, McRobert A, Mark Williams A. Identifying the processes
underpinning anticipation and decision-making in a dynamic time-constrained task.
Cogn Process. (2011) 12(3):301-10. doi: 10.1007/s10339-011-0392-1

19. Urgesi C, Savonitto MM, Fabbro F, Aglioti SM. Long- and short-term plastic
modelling of action prediction abilities in volleyball. Psychol Res. (2012) 76
(4):542-60. doi: 10.1007/s00426-011-0383-y

20. Wu Y, Zeng Y, Zhang L, Wang S, Wang D, Tan X, et al. The role of visual
perception in action anticipation in basketball athletes. Neuroscience. (2013)
237:29-41. doi: 10.1016/j.neuroscience.2013.01.048

21. Ottonboni G, Russo G, Tessari A. What boxing-related stimuli reveal about
response behavior. J Sports Sci. (2015) 33(10):1019-27. doi: 10.1080/02640414.2014.
977939

22. Russo G, Ottoboni G. The perceptual-cognitive skills of combat sports athletes: a
systematic review. Psychol Sport Exerc. (2019) 44:60-78. doi: 10.1016/j.psychsport.
2019.05.004

23. Petri K, Bandow N, Salb S, Witte K. The influence of facial expressions on attack
recognition and response behaviour in karate kumite. Eur ] Sport Sci. (2018) 19
(4):529-38. doi: 10.1080/17461391.2018.1536170

24. Lee ], Kim S, Song Y. Visual search patterns and reaction movement in
taekwondo according to expertise. J Sport Exerc Psychol. (2010) 32:599-S100.
doi: 10.1123/jsep.32.1.99

25. Fontani G, Lodi L, Felici A, Migliorini S, Corradeschi F. Attention in athletes of
high and low experience engaged in different open skill sports. Percept Mot Skills.
(2006) 102(3):791-805. doi: 10.2466/pms.102.3.791-805

26. Milazzo N, Farrow D, Fournier JF. Effect of implicit perceptual-motor training
on decision-making skills and underpinning gaze behavior in combat athletes. Percept
Mot Skills. (2016) 123(1):300-23. doi: 10.1177/0031512516656816

27. Ruiz LM, Penaloza R, Navia JA, Rioja N. Analysis of the visual behaviour of
taekwondists of different skills level. Rev Mex Psicol. (2013) 30(1):32-40.

28. Salb S, Splitt M, Bandow N, Witte K. The influence of spatial occlusion on visual
search behavior of karate athletes. Pfeiffer T. & Essig K. (Hrsg.) Proceedings of the 2nd
International Workshop on Solutions for Automatic Gaze Data Analysis 2015 (SAGA
2015); (2015).

29. Vieten M, Scholz M, Kilani H, Kohloeffel M. Reaction time in tackwondo. ISBS-
Conference Proceedings Archive (2007).

30. Bianco M, Ferri M, Fabiono C, Scardingo A, Tavella S, Caccia A, et al.
Comparison of baseline neurophysiological testing in amateur versus professional
boxers. Phys Sportsmed. (2008) 36(1):95-102. doi: 10.3810/psm.2008.12.17

31. VencesBrito A, Silva C, Cid L, Ferreira D, Marques A. Atencién y tiempo de
reaccion en practicantes de karate shotokan. Rev Artes Marciales Asidt. (2011) 6
(1):141-56. doi: 10.18002/rama.v6il.88

32. Chan JS, Wong AC, Liu Y, Yu J, Yan JH. Fencing expertise and physical fitness
enhance action inhibition. Psychol Sport Exerc. (2011) 12(5):509-14. doi: 10.1016/j.
psychsport.2011.04.006

33. Gutierrez-Davila M, Rojas FJ, Antonio R, Navarro E. Response timing in the
lunge and target change in elite versus medium-level fencers. Eur J Sport Sci. (2011)
13(4):364-71. doi: 10.1080/17461391.2011.635704

Frontiers in Sports and Active Living

10.3389/fspor.2024.1468209

34. Sanchez-Lopez ], Silva-Pereyra J, Fernandez T. Sustained attention in skilled and
novice martial arts athletes: a study of event-related potentials and current sources.
Peer]. (2016) 4:e1614. doi: 10.7717/peerj.1614

35. de Quel OM, Bennett SJ, dan EL, Zapico AG, Morales FS. Choice reaction time
is not related to competition success in karate combat. Eur ] Hum Mov. (2015) 35:41-50.

36. Ripoll H, Kerlirzin Y, Stein JF, Reine B. Analysis of information processing,
decision making, and visual strategies in complex problem solving sport situations.
Hum Mov Sci. (1995) 14(3):325-49. doi: 10.1016/0167-9457(95)00019-O

37. Vickers JN. Perception, Cognition, and Decision Training: The Quiet Eye in
Action. Champaign, USA: Human Kinetics (2007).

38. Vater C, Williams AM, Hossner EJ. What do we see out of the corner of our eye?
The role of visual pivots and gaze anchors in sport. Int Rev Sport Exerc Psychol. (2020)
13(1):81-103. doi: 10.1080/1750984X.2019.1582082

39. Darwin C. The Expression of the Emotions in Man and Animals. London: John
Murray (1872).

40. Corneanu CA, Simén MO, Cohn JF, Guerrero SE. Survey on rgb, 3d, thermal,
and multimodal approaches for facial expression recognition: history, trends, and
affect-related applications. IEEE Trans Pattern Anal Mach Intell. (2016) 38
(8):1548-68. doi: 10.1109/TPAMI.2016.2515606

41. Shields K, Engelhardt PE, Ietswaart M. Processing emotion information from
both the face and body: an eye-movement study. Cogn Emot. (2012) 26(4):699-709.
doi: 10.1080/02699931.2011.588691

42. Zhu J, Thagard P. Emotion and action. Philos Psychol. (2002) 15(1):19-36.
doi: 10.1080/09515080120109397

43. Cheshin A, Heerdink MW, Kossakowski JJ, van Kleef GA. Pitching emotions:
the interpersonal effects of emotions in professional baseball. Front Psychol. (2016)
7:128. doi: 10.3389/fpsyg.2016.00178

44. Shih YL, Lin CY. The relationship between action anticipation and emotion
recognition in athletes of open skill sports. Cogn Process. (2016) 17(3):259-68.
doi: 10.1007/s10339-016-0764-7

45. Prigent E, Hansen C, Baures R, Darracq C, Amorim M-A. Predicting where a
ball will land: from thrower’s body language to ball’s motion. Exp Brain Res. (2015)
233:567-76. doi: 10.1007/s00221-014-4137-0

46. Peeters P, Vlaeyen J. Feeling more pain, yet showing less: the influence of social
threat on pain. J Pain. (2011) 12(12):1255-61. doi: 10.1016/j.jpain.2011.07.007

47. Mudric M, Cuk I, Nedeljkovic A, Jovanovic S, Jaric S. Evaluation of video-based
method for the measurement of reaction time in specific sport situation. Int J Perform
Anal Sport. (2015) 15(3):1077-89. doi: 10.1080/24748668.2015.11868852

48. Petri K, Emmermacher P, Danneberg M, Masik S, Eckardt F, Weichelt S, et al.
Training using virtual reality improves response behavior in karate kumite. Sports Eng.
(2019) 22(1):2. doi: 10.1007/s12283-019-0299-0

49. Ran GM, Chen X, Pan YG, Hu TQ, Ma J. Effects of anticipation on perception of
facial expressions. Percept Mot Skills. (2014) 118(1):195-209. doi: 10.2466/24.PMS.
118k13w4

50. Satterthwaite FE. An approximate distribution of estimates of variance
components. Biometrics. (1946) 2(6):110-4. doi: 10.2307/3002019

51. Luke SG. Evaluating significance in linear mixed-effects models in R. Behav Res
Methods. (2017) 49:1494-502. doi: 10.3758/s13428-016-0809-y

52. Abernethy B, Zawi K, Jackson RC. Expertise and attunement to kinetic
constraints. Perception. (2005) 37(6):931-48. doi: 10.1068/p5340

53. Williams AM, Davids K. Visual search strategy, selective attention and expertise in
soccer. Res Q Exerc Sport. (1998) 69(2):111-28. doi: 10.1080/02701367.1998.10607677

54. Bianco M, Ferri M, Fabiano C, Giorgiano F, Tavella S, Manili U, et al. Baseline
simple and complex reaction times in female compared to male boxers. ] Sports Med
Phys Fitness. (2011) 51(2):292-8.

55. Branco M, Branco G, VencesBrito A. Introduction to data collection for
performance analysis and their integration in martial arts training. A biomechanical
and motor control perspective. Rev Artes Marciales Asidt.. (20016) 11(2s):19-21.
doi: 10.18002/rama.v11i2s.4152

56. Guizani SM, Bouzaouach I, Tenenbaum G, Kheder AB. Simple and choice
reaction times under varying levels of physical load in high skilled fencers. J Sports
Med Phys Fitness. (2006) 46(2):344.

57. Donovan OO, Cheung ], Catley M, McGregor AH, Strutton PH. An
investigation of leg and trunk strength and reaction times of hard-style martial arts
practitioners. ] Sports Sci Med. (2006) 5:5-12.

58. Eimer M. Event-related brain potentials distinguish processing stages involved in
face perception and recognition. Clin Neurophysiol. (2000) 111(4):694-705. doi: 10.
1016/S1388-2457(99)00285-0

59. Thierry G, Pegna AJ, Dodds C, Roberts M, Basan S, Downing P. An event-
related potential component sensitive to images of the human body. Neurolmage.
(2006) 32(2):871-9. doi: 10.1016/j.neuroimage.2006.03.060

60. Chandrasekaran C, Turner L, Buelthoff HH, Thornton IM. Attentional networks
and biological motion. Psihologija. (2010) 43(1):5-20. doi: 10.2298/PSI1001005C

frontiersin.org


https://doi.org/10.1037/0096-1523.31.6.1247
https://doi.org/10.1037/0096-1523.31.6.1247
https://doi.org/10.1093/cercor/bhr156
https://doi.org/10.1037/a0024032
https://doi.org/10.5232/ricyde2019.05802
https://doi.org/10.3758/BF03196695
https://doi.org/10.1111/j.1467-9280.1994.tb00504.x
https://doi.org/10.3200/JMBR.41.2.158-171
https://doi.org/10.1080/026432998381014
https://doi.org/10.1080/02640419008732128
https://doi.org/10.1080/02640419008732128
https://doi.org/10.1007/s10339-011-0392-1
https://doi.org/10.1007/s00426-011-0383-y
https://doi.org/10.1016/j.neuroscience.2013.01.048
https://doi.org/10.1080/02640414.2014.977939
https://doi.org/10.1080/02640414.2014.977939
https://doi.org/10.1016/j.psychsport.2019.05.004
https://doi.org/10.1016/j.psychsport.2019.05.004
https://doi.org/10.1080/17461391.2018.1536170
https://doi.org/10.1123/jsep.32.1.99
https://doi.org/10.2466/pms.102.3.791-805
https://doi.org/10.1177/0031512516656816
https://doi.org/10.3810/psm.2008.12.17
https://doi.org/10.18002/rama.v6i1.88
https://doi.org/10.1016/j.psychsport.2011.04.006
https://doi.org/10.1016/j.psychsport.2011.04.006
https://doi.org/10.1080/17461391.2011.635704
https://doi.org/10.7717/peerj.1614
https://doi.org/10.1016/0167-9457(95)00019-O
https://doi.org/10.1080/1750984X.2019.1582082
https://doi.org/10.1109/TPAMI.2016.2515606
https://doi.org/10.1080/02699931.2011.588691
https://doi.org/10.1080/09515080120109397
https://doi.org/10.3389/fpsyg.2016.00178
https://doi.org/10.1007/s10339-016-0764-7
https://doi.org/10.1007/s00221-014-4137-0
https://doi.org/10.1016/j.jpain.2011.07.007
https://doi.org/10.1080/24748668.2015.11868852
https://doi.org/10.1007/s12283-019-0299-0
https://doi.org/10.2466/24.PMS.118k13w4
https://doi.org/10.2466/24.PMS.118k13w4
https://doi.org/10.2307/3002019
https://doi.org/10.3758/s13428-016-0809-y
https://doi.org/10.1068/p5340
https://doi.org/10.1080/02701367.1998.10607677
https://doi.org/10.18002/rama.v11i2s.4152
https://doi.org/10.1016/S1388-2457(99)00285-0
https://doi.org/10.1016/S1388-2457(99)00285-0
https://doi.org/10.1016/j.neuroimage.2006.03.060
https://doi.org/10.2298/PSI1001005C
https://doi.org/10.3389/fspor.2024.1468209
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

Incognito et al.

61. Cutting JE, Moore C, Morrison R. Masking the motions of human gait. Percept
Psychophys. (1988) 44(4):339-47. doi: 10.3758/BF03210415

62. Troje NF, Westhoff C. The inversion effect in biological motion perception:
evidence for a “life detector”? Curr Biol. (2006) 16(8):821-4. doi: 10.1016/j.cub.
2006.03.022

63. Kuhlmeier VA, Troje NF, Lee V. Young infants detect the direction of biological
motion in point-light displays. Infancy. (2010) 15(1):83-93. doi: 10.1111/j.1532-7078.
2009.00003.x

64. Simion F, Regolin L, Bulf H. A predisposition for biological motion in the
newborn baby. Proc Natl Acad Sci U S A. (2008) 105(2):809-13. doi: 10.1073/pnas.
0707021105

Frontiers in Sports and Active Living

10

10.3389/fspor.2024.1468209

65. Simion F, Di Giorgio E, Leo I, Bardi L. The processing of social stimuli in early
infancy: from faces to biological motion perception. Prog Brain Res. (2011)
189:173-93. doi: 10.1016/B978-0-444-53884-0.00024-5

66. Adolph KE, Franchak JM. The development of motor behavior. Wiley Interdiscip
Rev Cogn Sci. (2017) 8(1-2):e1430. doi: 10.1002/wcs.1430

67. Czyz SH. Variability of practice, information processing, and decision making—
how much do we know? Front Psychol. (2021) 12:639131. doi: 10.3389/fpsyg.2021.
639131

68. Merk A, Resnick A. Physics of martial arts: incorporation of angular momentum
to model body motion and strikes. PLoS One. (2021) 16(8):0255670. doi: 10.1371/
journal.pone.0255670

frontiersin.org


https://doi.org/10.3758/BF03210415
https://doi.org/10.1016/j.cub.2006.03.022
https://doi.org/10.1016/j.cub.2006.03.022
https://doi.org/10.1111/j.1532-7078.2009.00003.x
https://doi.org/10.1111/j.1532-7078.2009.00003.x
https://doi.org/10.1073/pnas.0707021105
https://doi.org/10.1073/pnas.0707021105
https://doi.org/10.1016/B978-0-444-53884-0.00024-5
https://doi.org/10.1002/wcs.1430
https://doi.org/10.3389/fpsyg.2021.639131
https://doi.org/10.3389/fpsyg.2021.639131
https://doi.org/10.1371/journal.pone.0255670
https://doi.org/10.1371/journal.pone.0255670
https://doi.org/10.3389/fspor.2024.1468209
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

	The role of the opponent's head in perception of kick target location in martial arts
	Introduction
	Methods
	Participants
	Materials
	Procedure

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


