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Abstract. The ability to position oneself taking into consideration the movements of people or objects is essential in the
sporting context. The purpose of the study was to examine the level of speed and distance estimation in combat sports,
according to athletes’ performances and sports discipline practiced. Sixty-Six combat sport athletes took part in the
present research, 45 males and 21 females, aged 18-26 years (Mage = 21.22). The computerized test ADV (Distance and
Speed Estimation Test) was applied. Estimation was assessed based on athletes’ capacity to process the speed of
moving objects (red balls moving in circles) and the distance to be covered. The Kruskal-Wallis (H) test was used to
check the differences between combat sport disciplines in terms of speed and distance estimation and, also, to verify if
the results for speed and distance estimation are significantly related to athletes’ sports performances. The Dwass-Steel-
Critchlow-Fligner (DSCF) statistical procedure was used to verify groups two by two. Significant differences were
emphasized (p = 0.036) between athletes with international performances (Mspeed and distance estimation = 4.61) and combat
sport athletes having regional/local sports results (Mspeed and distance estimation = 4.05). Martial artists having superior results
in competitions demonstrated a better ability to estimate speeds and distances in a two-dimensional environment.

Keywords: speed estimation, motion perception, depth perception, exocentric distance, combat sports.

Introduction

Combat sports are heuristic sport branches (with
creative opponent) and can be examined as
striking combat sports (e.g., tackwondo, karate,
boxing, fencing) or grappling combat sports (for
example, jiu-jitsu and judo), the same as in
previous studies (Patenteu et al., 2023; Predoiu et
al., 2022; Predoiu et al., 2024). In the case of
fencing, it is worth mentioning that it is a combat
sport (Baginska et al., 2022), being in the category
called working with weapons (see the division of
the combat sports - Kalina, 2000). In striking
combat sports (SCS), the intermittent and
complex nature of fighting in competitions
implies the existence of different strikes, which
can last even milliseconds (Borysiuk, 2006).
Specialized literature asserted the importance, in
sport, of good perceptual abilities, of a high level
of distance, space and speed estimation (Cetin et
al., 2011). Speed estimation and distance
estimation represent "hard skills" (see Fleishman
& Reilly, 1992), being necessary for sporting
success. In striking combat sports we can discuss
about the speed of complex reactions to stimuli,

the speed to perform a series of
strikes/combinations, about  decision-making
speed, the frequency of strikes, or about the speed
of movement from a specific position (Gumienna
et al., 2024). It was found that the duration of
athletes’ kick is approximately half a second
(tackwondo athletes were investigated, see Wasik
& Shan, 2015), while in karate the attack velocity
for a punch is approximately 2.7-3.0 milliseconds
(Chiu & Shiang, 1999). Therefore, during training
and competitions combat sport athletes should pay
special attention to developing speed and distance
estimation.

Many daily activities depend on the capacity to
estimate speed, distance, time, or to recognize
objects in due time, these estimations being
essential for the survival of organisms in dynamic
environments, for our efficient interaction with
the surrounding reality. Producing estimates is a
complex task that entails various cognitive
abilities, including the ability to wuse prior
experience in flexible ways and to monitor the
accuracy of responses (Hoffman & MacPherson,
2022). It seems that males (generally) have better
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results in visual estimation tasks compared to
females, while “estimates of speed and movement
based on visual information were less affected by
age than estimates of duration and sound based on
auditory information” (Tapia et al., 2022).
Estimation difficulties are related to individuals
with frontal lobe injury (Shallice & Evans, 1978),
traumatic brain injury (Silverberg et al., 2007),
schizophrenia (Khodarahimi & Rasti, 2011) in
adults with Alzheimer’s disease (Levinoff et al.,
2006), major depressive disorder (Barabassy et
al., 2010), or Parkinson’s disease (D’Aniello et
al., 2015). It is worth mentioning, however,
Scarpina et al. findings (2017) which emphasized
no significant difference between participants
with Parkinson’s disease and controls.

The appreciation of the speed of an object in sport
(and beyond) is inextricably linked to the
perception of motion. Movement always implies a
certain speed and space (e.g. a person is moving
and estimates speed in different spaces - on the
field in sport, on the street, corridor, highway,
etc.). However, an object will be perceived in
motion only if the speed at which it is moving is
not too high (think, for example, of identifying the
tips of a propeller) or too low (we cannot see grass
growing, or one can think of the way a clock
works — we can discern that it has changed its
position/indicates a different time, only after a
certain time). Thus, sense organs react to a certain
speed/rate of change, fixed in the course of
phylogeny (see Predoiu, 2010).

Like motion, speed is also relative and is
dependent on the type of moving object. For
example, if a racing car, a horse and a cart are
moving at the same speed, we will judge that the
racing car is moving relatively slowly, while the
cart has considerable speed (Griitter, 2020). A
higher speed significantly reduces the
visual/perceptual field that one can monitor,
losing details of the surrounding environment (this
is why our perception is different when visiting a
place on foot compared to when we pass through
the area traveling in a car). Usually, the feeling
that the speed is too high in competition (the
opponent hits too fast, or the ball comes too fast)
is associated with loss of control and decreased
performance (the athlete feels that he/she does not
have enough time to defend or react, see Predoiu,
2018). To better estimate speed, temporal and
spatial cues are of particular importance
(perception of object motion is based on spatial
and temporal perception). The rhythm and
sequence of movements (as temporal properties of
movement), when we quasi-simultaneously
perceive successive aspects of movements and
perceive duration (Zlate, 1999), together with the
spatial properties of movements such as direction

and shape (e.g., bottom up/top down, forward or
backward, from right to left/left to right, straight,
circular, curved, see Predoiu, 2012) enhance
performance in speed and distance estimation
tasks. But we don't seem to perceive motion and
speed the same in all directions. Horizontal
movements are easier to perceive than vertical
ones, left-to-right motions are easier to perceive
(compared to right-to-left movements, which
require more effort from the person). Last but not
least, a top-down movement is more -easily
perceived (due to gravity), as opposed to an object
moving the other way around — bottom-up
(Griitter, 2020).

From the first weeks of life, the child keeps its
head out of the way of moving objects, dangerous
or not (Miclea, 1999). Children (6 years old) have
more difficulties in anticipating movements and
the appearance of significant stimuli (after they
disappeared from the screen shortly after initial
movement), compared to adolescents (Dorfman,
1977). Benguigui et al. (2004) showed, also, that
children obtained poorer performance in
estimating arrival-time (the anticipation of a target
stimulus that disappeared from view shortly after
initial movement) than adults. Over time,
specialists have investigated (in children) when
the perceptual invariant of speed is acquired.
Under the age of 8, if an object precedes another
object in time or space, it is perceived as being
faster (speed intuition is ordinal, see Anitei, 2007).
At a later stage of cognitive development, a child
will understand that a reduction in the distance
between two objects (moving on the same
trajectory) means that the second object (the one
behind) starts to move faster, while an increase in
the distance between objects means that the first
object (the one ahead) starts to move even faster.
This process, which involves the perception of the
existing distance between objects, and the order of
objects during movement, has been termed by
Piaget as hyperordinal (see, for example, Predoiu,
2012). Not least, Bruffaerts et al. (2019)
underlined the importance, for the processing of
perceptual information of visual objects, of the
combination between semantic data (useful for a
better representation of the object), and explicit
models of vision (in young participants, data are
represented within the first 150 milliseconds of
object presentation - Clarke et al., 2015).

Speed and motion can be perceived also, in
situations when they are not actually real. There
are several kinds of motion, of which: real (when
an object is moving from one point to another)
and apparent, when an object is motionless and
yet appears to be moving (see Predoiu, 2010). If
we think of a movie, it consists of static images
that follow each other rapidly, usually 24 images
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per second (Griitter, 2020). Thus, we see the
whole as motion, and not the static images
independently. The nervous system creates this
sensation of motion by integrating different
temporary excitations, each of which actually
registers only a static change.

Visual speed and its estimation also depends on
the size of the object. Small objects appear to
move faster than large objects, while a smaller
visual field influences how we perceive the
acceleration (Anitei, 2007). In order to preserve
the visual impression of an object's motion it is
recommended that the size of the moving objects
varies directly proportional to the size of the
frame/space in which the objects are moving
(otherwise, if we only increase the frame/space,
the speed of the objects appears to decrease).
Motion perception and, thus, speed estimation is
based on the fact that the moving object (e.g. a
ball) is tracked by the eye, the projection of the
object remaining on the retina. The literature also
discusses kinesthetic perception, operational only
when the observer is in motion (Grlitter, 2020).
Speed estimation and motion, as well as surface
detection and contour extraction, or segregation of
the figure from the background (for example, we
automatically perceive a basketball hoop in a
sports hall, while the walls of the sports hall
remain in the background) represent unconscious
processing of information, performed
automatically (without conscious and deliberate

effort) by cognitive modules located at the
unconscious level and involved in stimuli
processing (Miclea, 1999).

Although the human being has no special analyzer
for distance and depth, and although the image of
the object is two-dimensional on the retina, we
can also perceive the third dimension. In common
parlance we can talk about overestimation or
underestimation of a distance (e.g. to a certain
object). The size of the retinal image, chromatic
features, presence of details, presence/absence of
landmarks play an essential role in the correct
perception of the distance to an object (Rosca,
cited by Predoiu, 2012). Thus, size and distance
cannot be properly estimated if distance-related
cues/ landmarks to an object are missing or
reduced. The perception of depth and distance is
based on the existing links, from the first months
of a child's life, between different analyzers. In
Joe Campos’ Laboratory (University of California
- Berkeley, USA) researchers highlighted the
important role of peripheral vision and children’s
experience gained while moving (crawling
infants) on depth perception. Therefore, after
some experience in moving, and after being more
attentive to peripheral vision, children (who
haven't yet learned to walk, having only a few
months old) refused to cross a visual cliff (Figure
1), because they know what depth and the
perceived distance imply (U.S. National Science
Foundation, 2015).

Figure 1. Visual cliff — depth and distance perception

Depth perception is the capacity to perceive
distance to objects in external environment.
»Distance perception and depth perception are
often considered synonymous. However, they can
also be subtly distinguished such that depth
perception specifically refers to perception of
exocentric distance” (the distance between two
external objects), while egocentric distance refers
to the distance between a person and an external
object (Yamamoto, 2017).

In the case of a drawing and the perception of
depth in a drawing, the bright parts come to

identify protrusions and the shaded parts to be
interpreted as indentations (although the surface is
flat). As indicators of distance, one can notice
changes in the size of objects on the retina, as well
as changes in the kinesthetic impulses of the
eyeball muscles when we shift our gaze from a
near to a distant object and vice versa. In addition
to these distance signals/cues literature underlines:
interposition (the position of one object relative to
the others), motion and aerial perspective (see
Predoiu, 2010; Predoiu, 2012). But human beings
not only have visual distance perception. Distance
can be experienced through multiple senses, such
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as haptics (Lederman & Klatzky 2009) or audition
(Kolarik et al. 2016).

In sports, it was found that divers underestimated
their depth, while when diving below 10.7 meters
they began to overestimate the depth (Ross &
Franklin, 1976). Also, it seems that novice divers
“made deeper depth estimates than the
experienced group because they were more
anxious” (Gassman, 1985). In fencing, depth
sensors were used, “to measure the distance to the
object in the observed scene” (Malawski, 2020),
the investigation of distances in sport and human
motion being of interest to all specialists involved
in the sports performance field.

Purpose

The aim of the study is to examine the level of
speed and distance estimation in combat sports,
according to athletes' performances and sports
discipline practiced.

Hypotheses

H1: There are significant differences between
athletes practicing different combat sport
disciplines in terms of speed and distance
estimation.

H2: The investigation of speed and distance
estimation reveals significant differences between
combat sport athletes according to their sport
results.

Materials and method

Participants

Sixty-six Romanian combat sport athletes took
part in the present research, 45 males and 21
females, aged 18-26 years (Mage = 21.22, SD =
2.90). Minimum two years of competitive
experience and having minimum 18 years old
represented inclusion criteria for this study.
Athletes have between 2-12 years of competitive
experience (Min the entire sample = 5.65, SD = 2.53),
being affiliated to sports clubs recognized by
national sports federations.

Combat sport practitioners are distributed as
follows:

e boxing: 17 athletes (25.75%) - 15 males (M)
and 2 females (F), 2 obtained international
performances (top ranks at World and/or
European championships), 8 registered national
sports results (top ranks at national level
competitions), and 7  athletes obtained
regional/local results;

e fencing: 16 (24.25%) - 7 M and 9 F, 6
obtained international performances (top ranks at
World and/or European championships), 5
registered national sports results, while 5 athletes
obtained regional/local results;

e Karate: 20 athletes (30.3%) - 14 M and 6 F, 8
obtained international performances, 5 registered
national results (top ranks at national level

competitions), and 5 athletes obtained results at
regional/local level,

e taekwondo: 13 (19.7%) - 9 M and 4 F, 2
having international performances, 6 athletes with
national sports results, and 5 having regional/local
performances.

Sports disciplines are investigated, at group level,
as striking combat sports, as in previous studies
(Predoiu et al., 2022; Patenteu et al., 2024;
Predoiu et al., 2024).

Measures and Procedure

The computerized test ADV (for assessing speed
and distance estimation) was applied between
2023-2024. The test is calibrated on the Romanian
population being developed by RQ Plus (a
Romanian company). The ADV test was applied
between 9 a.m. and 4 p.m. (on different days of
the week). The athletes' eyes were about 50
centimeters away from the computer screen.

ADV computerized test consists of a blue screen
on which are placed six white concentric circles,
and in each circle, a red colored ball rotates
clockwise (3 of the red balls), but, also, counter
clockwise (the other 3 red balls). The stimuli
(represented by the 6 red balls) move at different
speeds, each ball in its own space/circle (inside
the six concentric circles). When the red balls on
space/circle 2, 4 and 6 are lined up on the left side
of the screen (exactly in the middle of the screen),
the participant must press the left button on the
lever. When the significant stimuli (the red balls
which move in the space/circle 2, 4 and 6) are
aligned on the right side of the screen (exactly in
the middle of the screen) the participant should
press the right button of the lever. Estimation was
assessed based on athletes’ capacity to process the
speed of moving objects (red balls moving in
circles) and the distance to be covered.

At some point, the six white concentric circles
disappear from the screen, and the participant has
to estimate speed and distance under these
conditions (the participant should not lose sight of
significant stimuli). Thus, the six red balls move
(in circle) at different speeds on the blue screen,
and the participant has to appreciate when the
balls which move in the space/circle 2, 4 and 6
(but the white concentric circles are no longer
visible at this point of the test) line up exactly in
the middle of the screen (on the left part of the
screen, respectively on the right part of the
screen), and press the corresponding button on the
lever (left or right). Estimation processes allow
athletes to predict the red balls’ future location
based on their speed, distance, and the
corresponding time.

The ADV test automatically generates raw scores
for speed and distance estimation (SDE), divided
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into 5 classes reflecting athletes’ level of means average performances, Class 2 weak
performance. More exactly, Class 5 means very results, while Class 1 emphasizes very weak
good performances, Class 4 good results, Class 3 results.

Results

First, athletes’ results for speed and distance estimation are presented, at descriptive level (Table 1).

Table 1. Descriptive statistics — SDE coefficient and performance level (classes)

Item combat sports SDE Performance level
1 boxing 17 17
Number of athletes 2 fencing 16 16
(N) 3 karate 20 20
4 taekwondo 13 13
1 boxing 553 4.29 (class)
Mean 2 fencing 607 4.56 (class)
3 karate 588 4.45 (class)
4 taekwondo 469 4.00 (class)
1 boxing 52.6 0.223
Std. error mean 2 fencing 45.2 0.157
3 karate 41.7 0.153
4 taekwondo 62.6 0.300
1 boxing 217 0.920
L 2 fencing 181 0.629
Standard deviation 3 karate 187 0.636
4 taekwondo 226 1.08
1 boxing 722 3
Range 2 fencing 527 2
3 karate 527 2
4 taekwondo 710 3

Note. Class 5: very good performances; Class 4: good results; Class 3: average performances; Class 2: weak results; Class 1: very weak results; SDE:
speed and distance estimation (automatically generated by the computerized test).

Examining Table 1, good to very good results for speed and distance estimation can be observed, at group
level, in fencing (M = 4.56) and karate (M = 4.45), and good results (generally) for boxing (M = 4.29) and
taekwondo (M = 4).

To check the research hypotheses, the Kruskal-Wallis test was used.

Table 2. Kruskal-Wallis (H) test — differences between sports disciplines in terms of speed and distance
estimation coefficient
Item 1 df p
Speed and distance estimation coefficient 3.22 3 0.358

Table 2 emphasizes no significant differences for speed and distance estimation (chi-square = 3.22, p =
0.358) between the investigated combat sport discipline (null hypothesis is accepted).

We further verified if the results for speed and distance estimation are significantly related to martial arts
athletes’ sports performances (n = 18 — combat sport athletes having international performances, n = 26 —
athletes having national sports performances, n = 22 — athletes with regional/local results).

Table 3. Kruskal-Wallis (H) test — SDE coefficient and performance level (classes) according to athletes’
sports results

Item 1 df p g
Speed and distance estimation coefficient 5.18 2 0.075 0.079
Performance level (classes) 6.75 2 0.034 0.103

Note. Class 5: very good performances; Class 4: good results; Class 3: average performances; Class 2: weak results; Class 1: very weak results; SDE:
speed and distance estimation (automatically generated)
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Data analysis revealed significant differences (chi-square = 6.75, p = 0.034, see Table 3) for the classes in
which the athletes are automatically classified based on their raw scores at the speed and distance estimation
test (in other words, based on the speed and distance estimation coefficient). The effect size index (epsilon?)
highlights a moderate difference between groups (Rea & Parker, 2014).

The Dwass-Steel-Critchlow-Fligner (DSCF) procedure was used to verify groups two by two (Table
4 and Table 5).

Table 4. DSCF test — differences between athletes according to sports results (SDE coefficient)

Speed and distance estimation coefficient w p
1 International performances 2 National sports performances | -1.20 0.672
1 International performances 3 Regional/Local results -3.12 0.070
2 National sports performances | 3 Regional/Local results -2.16 0.277

Table 5. DSCF test — differences between athletes according to sports results (performance level/classes)

Performance level/classes (ADV test) w p
1 International performances 2 National sports performances | -1.39 | 0.588
1 International performances 3 Regional/Local results -3.50 | 0.036
2 National sports performances | 3 Regional/Local results -2.48 | 0.186

Data in Table 5 underline significant differences for speed and distance estimation (p = 0.036) between
combat sports athletes having international performances and athletes who registered regional/local sports
results. Table 6 presents the descriptive statistics indicators, the best results for speed and distance estimation
being obtained by athletes having international results (Mraw score = 624, SD = 202; Mciass/level of performance = 4.61,
SD =0.778).

Table 6. Descriptive statistics — SDE coefficient and performance level (classes) according to athletes’ sports

performances
Sports performances — Speed and distance Performance
Item combat sports athletes estimation level
coefficient

1 International performances 18 18
Number of athletes | 2 National sports 26 26
(N) performances

3 Regional. Local results 22 22

1 International performances 624 4.61 (class)

2 National sports 580 4.42 (class)
Mean

performances

3 Regional. Local results 485 4.05 (class)

1 International performances 47.6 0.183

2 National sports 40.0 0.159
Std. error mean

performances

3 Regional. Local results 40.0 0.180

1 International performances 202 0.778
Standard 2 National sports 204 0.809
deviation performances

3 Regional. Local results 187 0.844

Note. Class 5: very good performances; Class 4: good results; Class 3: average performances; Class 2: weak results; Class 1: very weak results. SDE:
speed and distance estimation (automatically generated)

sports field. Speed and distance estimation tasks
have a sensory-perceptual component. Seeing an
athlete in motion and predicting its future
movement and location involves, also, attention,

Discussion

The ability to position oneself according to other
athletes’ movements, or according to different
objects in the environment is essential in the

10
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processing load, judgment, imagery, memory,
decision-making, etc. Cognitive estimation
represents, thus, a complex process of creating an
approximation based on available data, which are,
however, incomplete (Fortune & Richards, 2017).
As MacPherson et al. (2014) argued, “to produce
reasonable cognitive estimates, individuals need
to identify and select the appropriate cognitive set
[...], monitor the appropriateness of their response
and repeat the procedure if necessary to produce a
better estimate”.

Statistical data processing revealed good to very
good results for speed and distance estimation, at
group level, for fencing and karate, and
(generally) good performances for boxing and
taeckwondo, the differences between the
investigated combat sport disciplines not being
statistically significant. These relatively small
differences between combat sports could be
explained by the fact that in taeckwondo (obtained
the lowest result), athletes use their feet more in
fighting (compared to the other combat disciplines
examined), and in the current study athletes had to
use their hands to press the right buttons when
they needed to judge speeds and distances.
Specialized literature emphasized significantly
better results for speed and distance estimation
(the same ADV test was used) for athletes
practicing individual and team sports, compared
to non-practitioners; also, athletes from individual
sports (karate, taekwondo, tennis and gymnastics)
obtained better results when estimating speed and
distance, compared to athletes from team sports:
football, basketball and handball (Grigore et al.,
2013). In the current research young athletes were
investigated. In this context, it is worth
emphasizing that in middle-aged and mature
people, visual processing becomes slower (Onoftj,
2001).

Data analysis showed, also, significant differences
for speed and distance estimation between athletes
having international performances and combat
sport athletes who registered regional/local
results. Athletes with superior performance in
competition appreciate speeds and distances
significantly better. Not least, even if the results
are slightly better for athletes with international
results, no significant differences were found
when compared to athletes having national
performances.  Other  psychomotor  skills
(coordination, reaction time, etc.) could generate
statistically significant differences between the
two groups of combat sport athletes, aspects
which require further investigation.

Athletes can improve the ability to make
estimations. Specialists should wuse cognitive
stimulation exercises which allow athletes to
improve brain functions like estimation. Research

11

in the field of neuroplasticity has shown that “the
more we use a specific neural circuit, the stronger
it gets”, and when the training is “applied to the
neural circuits used in estimation, we are able to
[...] improve our ability to predict and estimate
future events and locations” (see CogniFit). The
ADV test can be used, also, in training to
stimulate athletes' ability to appreciate distances
and speeds.

In martial arts (karate, Tai-chi), researchers used
sensors for depth estimation (e.g., Kinetic, ToF),
the distance between different objects (exocentric
distance) and between athletes and external
objects (egocentric distance) being explored, for
real-time sports analysis, in order to improve
execution and sports performance (Zhang et al.,
2017), the same as in fencing (Malawski, 2020).
The present study has certain limitations, maybe
the most important referring to the relatively
reduced number of athletes in each combat sport
group. Different findings could be highlighted, in
terms of speed and distance estimation, if only
male or female athletes would be examined,
juniors (not seniors, as in the present research),
athletes practicing grappling combat sports
(wrestling, jiu-jitsu, judo), or Mixed Martial Arts
artists. Future studies may use, also, other
computerized assessment tools for speed and
distance estimation, for example The Vienna Test
System (see ZBA test) or CogniFit, and a three-
dimensional environment (using, for example, 3D
glasses, virtual and augmented reality).

Conclusions

Good to very good performances for the ability to
assess speed and distance accurately were
underlined, at group level, in fencing and karate,
while good results were observed in boxing and
taekwondo practitioners. Significant and moderate
differences were found between combat sport
athletes with international results and athletes
having regional/local sports performances. Martial
arts athletes with superior results in competition
have a better ability to estimate the speed of
moving objects and distances in a two-
dimensional environment.
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