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Abstract: Taekwondo competition underwent enormous development with the recent introduction
of electronic scoring devices and rule changes. Although the competitive model of taekwondo
had been previously studied, most of the literature that analyses this model was previous to the
introduction of electronic devices or not based on a prior system of categories. Not only are results of
an up-to-date taxonomy essential to guarantee the sustainability of future research about taekwondo
based on methodological observation, but they are also completely necessary. This article proposes
and validates a new categorisation of taekwondoist technical–tactical actions in the competition after
the modifications were introduced between Beijing 2008 and Tokyo 2021 qualification events. The
association between environmental conditions, tactical objectives, and technical actions determines
the defining parameters of the combat situations. To design the category system, a dual methodology
was used: in the first stage, an in-depth review of the technical and scientific literature based on
observation of combats was carried out. From that review, a synthesis document was produced,
which subsequently was used as a basis for canvassing an up-to-date view of the question from
expert advisers. The existing terminology and categories were rearranged and updated, establishing
new parameters involved in the technical–tactical resources of contest situations. This updated
categorisation was tested by using the generalisability theory, revealing excellent-to-perfect observers’
agreement and reliable data. This new categorisation will allow designing precise and sustainable
tools over time for methodological observation of taekwondo in future studies.

Keywords: combat sports; taekwondo; technical–tactical analysis; tactical objectives; technical
actions; combat situation

1. Introduction

Taekwondo was included in the Olympics for the first time as a demonstration sport
at the 1988 Seoul Games and became part of the official Olympic programme since Sydney
2000 in its sparring form [1]. This form categorises taekwondo among the group of sports
termed adversarial [2] or combat sports [3].

From the neurophysiological point of view, the motor actions involved in taekwondo
contests have a high degree of difficulty, and their use during the match, therefore, requires
them to be highly automatised to ensure that these resources are immediately available
without the need for considered formulation of a motor pattern to play a part during the
action.

In its functional structure, taekwondo, according to a motor-praxeological classifica-
tion [4], is a regularised, standardised, and institutionalised sport, without teammates, with
an opponent, and without uncertainty in the environment (TOU). During the contest, the

Sustainability 2021, 13, 10493. https://doi.org/10.3390/su131910493 https://www.mdpi.com/journal/sustainability

https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-0989-5723
https://doi.org/10.3390/su131910493
https://doi.org/10.3390/su131910493
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su131910493
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su131910493?type=check_update&version=1


Sustainability 2021, 13, 10493 2 of 18

subject faces a single opponent (during the competition, there may be successive confronta-
tions with different opponents) who may know the subject’s strategies, though usually with
incomplete information, which both contestants will try to use to frustrate their opponent’s
strategies [5]. Thus, in the context of the contest, constant motor counter communication
occurs with the opponent—the only source of uncertainty—making the environment highly
changeable [5]. These continuous changes define the motor skills involved in the contest as
open, perceptual, or externally regulated. A high level of selective attention is therefore
required to perceive and process relevant stimuli that will allow rapid decision making at
every moment [6,7].

Among the parameters that significantly affect any competition are the rules governing
its conduct. It is noteworthy that the competition rules of taekwondo have undergone
40 changes since they were approved in 1973, and 12 of these occurred in the period
between the Beijing 2008 and Rio 2016 Olympics [8]. In addition to the rules themselves,
the aspects of competition that have been significantly modified include the protection and
scoring system [5], which were specifically changed by substituting a subjective system for
an objective one and in terms of the score assigned to each type of action valued, passing
from 1 point for each one in 2008 to a range of 1 to 5 points depending on the height and
trajectory in 2016.

These changes are important because to define a sport, we need to define its rules [9],
and when these are modified, the competition model is altered, making it desirable to
formulate a new updated theoretical framework. Thus, the aim of this study was twofold:
(1) to propose an updated technical–tactical categorisation for observation analysis of elite
taekwondo athletes, centred in combat situations and (2) to validate and test the reliability
of an observational tool for analysing taekwondoists’ technical–tactical actions of five
bouts of four different elite tournaments (i.e., Olympic Games of Beijing 2008, Grand Prix
Manchester 2014, Olympic Games of London 2012 and Rio de Janeiro 2016).

2. Materials and Methods

The design of the updated categorisation for the observational tool, validation, and cal-
culation of reliability were carried out in different stages, in line with the literature [6,9,10],
as follows: (a) the literature review was carried out, the first draft of the observational
instrument was designed, and expert revision of the instrument was performed; (b) Once
the revised version was stated, authors proceeded with the calculation of observers’ and
tool reliability by using the generalisability theory [7,11,12].

2.1. The Design of Technical–Tactical Categorisation

In order to produce an objective, systematic, and up-to-date categorisation of taek-
wondo contest actions, we conducted a comparative review of the didactic literature
and the theoretical and scientific proposals that have established categories for observing
contests and produced a proposed synthesis based on the analysis and on contributions
from the authors themselves. This proposal was subsequently reviewed by three experts
(J.B.D., A.B.A.S., and J.A.T.T., Table 1) with proven experience in international taekwondo
competitions.

Table 1. Criteria that had to be met by the experts selected as advisers.

Established Criteria for the Election of Expert Advisors:

1 International taekwondo trainers and coaches with World Taekwondo Federation
accreditation licence.

2 Having participated as coaches in recently celebrated International Official
Championships.

3 Having trained athletes included in the World Taekwondo Federation Olympic Rankings.

In the first phase, 35 different documents, articles, and books on the subject were
reviewed. The results were discussed by the authors in order to establish a first draft of
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terms. Subsequently, two consensus meetings were held between the authors and the
advisers.

As indicated in Table 2, at the first meeting, the initial information was discussed,
and the various expert opinions were taken into consideration. On the basis of these
contributions, a first consensus document was produced. The authors then carried out
a second expanded review of the theoretical and scientific literature, based on searches
for bibliographical references in the main search engines. The relevant information was
incorporated into a second draft. The new document was submitted to the experts and
discussed at a second consensus meeting. At this meeting, consensus agreements were
reached, and a second document was drawn up. This was sent once again to all the partici-
pants, giving them a new deadline to contribute further issues or opinions before drafting
a final document containing all the contributions. The final document was unanimously
approved by all those participating in the project.

Table 2. Phases in the production of the consensus final document.

Phases in the Production of the Consensus Document:

1 Theoretical–scientific and technical bibliography review.
2 Main tactical objectives determination.

3 Definition of the roles which contestants can adopt according to each tactical objective
and the parameter ‘initiative’.

4 Construction of the ‘technical–tactical resource’ concept by the association of the
objectives, roles, and technical elements.

5 Establishment of the parameters that affect the election of technical–tactical resources: the
environmental factors.

6 Synthesis of the concept of ‘contest situation’ and determination of the factors that
condition it.

2.2. Technical–Tactical Categorisation Validation

This study was carried out using the observational methodology, consisting of active,
non-participatory observation. The observational tool was developed using an N/S/M
observational design: nomothetic (8 athletes), with follow-up between sessions (5 bouts
were recorded) and intrasession monitoring (continuous recording of specific movements),
and multidimensional (since the observational tool is a mixed tool based on a category
system and field format; see Table 3).

To validate and test the reliability of an observational tool, five bouts were rated
by three observers. To determine the observer’s agreement, the intraclass correlation
coefficient (ICC), Cohen’s kappa, and Kendall’s Tau-b indices were computed. Additionally,
the reliability between the observations made (interobserver’s agreement) was tested by
a generalisability analysis, which was also used to test the validity and accuracy of the
newly updated categorisation. The generalisability analysis SAGT was used [12] with
multifaceted designs that included three facets: observers [O], categories [C], and bouts [B].
To use generalisability theory effectively, one needs to determine the variance components
which generate errors in design and the relative weights of these components. In this sense,
the CB/O model evaluates interobserver agreement in the categories observed in the bouts
selected, determining whether the observations made are reliable (its results are close to
one). The O/C model tests the goodness of fit of the categories, that is, whether they are
exhaustive and mutually exclusive (E/ME). It is required that this model tends towards
zero, indicating well-fitting, heterogeneous categories. Model C/B determines whether the
observed behaviour in the analysed combat can be extrapolated to the total population.
When this model tends towards one, it indicates that the sample used is sufficient to
generalise the data to the population. D study was performed when G coefficients < 0.80.



Sustainability 2021, 13, 10493 4 of 18

Table 3. Consensus record sheet about parameters affecting the contest situations during a taekwondo match.

Criteria Category Data Measurement

Context

Event: Name
Contest number Nº

Gender Male/female
Weight −58/−68/−80/+80/−49/−57/−67/+67
Phase 1ST/2ND/3RD/4TH/5TH/semifinal/final/repechage n

Pss colour Blue/red

Competitor

Contestant/competitor Blue/red (or name)
Weight Kg
Heigh (cm)

Legs length/leg reach (cm)

Contest situation
characteristics

Order of the contest situation Number
Start (s from the beginning)
End (s from the beginning)

Duration (ms)
Remaining time (s to the end)

Decisive moment (irreversible
advantage) Yes/no

Space (on the mat) Centre(4 × 4)/surrounding/boundary line
Interaction distance Infra-critical/crítical/supra-critical/clinch

Scoring interaction result +n/0/−n

Technical–tactical resource
characteristics

Initiative Own/opponent/stand by
Role Attacker/counterattacker/defender/no explicit

Technical–tactical action Attack/neutralisation/anticipation/simultaneous/falling/
confront/dodge/feint/pressure

Action subtype Direct/indirect/cut/clash/block/displacement/gestema/
positional change/advance/closing spaces

Complexity Simple/combined/adjusted
Technical–tactical resource Specific denomination

Concluding event Score/point-gap/pause/takedown/time
limit/exit/clinch/incident or accident

Effectiveness

Effectiveness/outcome Positive/negative (respect to the tactical objective)
Misadjustments (if negative) Spatial/temporal/technical/decisional/random

Relative effectiveness Scoring difference after the situation ends
Scoreboard X–Y

External influences Coach/judges/referee/instant video-replay claim

3. Results
3.1. The Design of Technical–Tactical Categorisation

According to the research consensus, the first major division in the tactical scheme
occurs between two possible objectives: deciding either to seek a scoring advantage or to
try to prevent the opponent from gaining an advantage [7]. The first objective results in
offensive tactical actions, and the second leads to defensive tactics. The two objectives are
mutually exclusive, although they may be pursued consecutively or alternately for very
brief periods of time. As can be seen in Figure 1, once the objective has been established,
the contestants adopt a role appropriate to it. The offensive tactical objective is attributed
to the roles of attacker and counterattacker, and the defensive objective, to the role of
defender. Additionally, there are transitions between the two previous tactical categories
which correspond to the role of the athlete ‘on standby’ [7].
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Figure 1. Categorisation of tactical roles according to primary tactical objectives.

As representing in the Figure 2, starting from the choice of objective and the role
associated with it, the next major division is the initiative [7]. In every action analysed,
we establish which of the two competitors has the initiative, in order to identify the role
of attacker, as distinct from the other two possible roles, counterattacker and defender,
both in response to the opponent’s initiative. The role of the athlete on standby is also
observed; it is established when no explicit initiative can be seen—that it, when one cannot
objectively identify which contestant has the initiative—and its objective may be defensive
(preventing an advantage to the opponent by evading the exchange of actions) or offensive
(causing the opponent to be penalised for inaction or causing them to take the initiative in
order to counterattack).
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Once the tactical objectives, initiative, roles, and tactical situations have been estab-
lished, it is necessary to take account of the spatial, temporal, and contextual or environ-
mental parameters, which will determine the choice of technical–tactical resources [7].

With regard to the spatial parameters, the distance separating the two contestants at
each moment is critical [13] which enables us to distinguish four situations listed in Table 4.

As for the time factor, a taekwondo contest has a duration of three rounds of two
minutes each with a one-minute rest period between rounds [8]. In the event of a tie at the
end of the third round, a fourth ‘sudden-death’ round of one minute is added, using the
‘golden points’ system [8]. This temporal distribution determines the functional structure
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of the contest; however, beyond this stable structure, there are factors that affect the time
available, that is, the time that remains in the contest to pursue a change of score or to keep
it unchanged, or time relative to the opponent’s actions—the existence and magnitude of
a delay or lag between actions make it easier to determine whether the actions observed
are related to each other or independent—enabling us to differentiate what have been
termed ‘combat times’ which categorise attack and counterattack actions and divide them
into three categories [12]: The reviewed studies have defined time-related subtypes of
counterattack, such as anticipatory, or ‘first phase’, simultaneous, or ‘second phase’, and
subsequent, or ‘third phase’, also known as ‘descending’ or ‘falling’ [9].

Table 4. Different types of distance observed during taekwondo contests.

Distance Definition

Critical The contestants are within reach of a single strike of the opponent.

Supra-critical
Contestants cannot be reached by performing a single kick action. The

combination of several kicks or the association with displacements
is required.

Infra-critical Contestants are too close to be kicked by a single or combined
kicking action.

Melee or clinch The space between the two contestants, who are in contact, disappears.

An attack is an offensive action arising from one’s own initiative that seeks to modify
the result in one’s favour. Within the attacker role, there is a subdivision: on the one hand,
attack, a pure action (arising from the initiative–time–space parameters) and on the other,
‘neutralisation’ (anulación), an attack subtype that occurs after considered preparation
against an opponent who is selecting a counterattacking response [7,12]. The attacker
senses, perceives, or knows the counterattack that is being prepared and acts to neutralise
it, using this information in their favour. Neutralisation is a specialised form of attack
based on knowledge of the opponent and of their recurrent or probable choice of resources
in counterattack [7,12]. The differences between the concepts of attack and neutralization
are shown in Figure 3.
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The technical–tactical resources, which are at the fourth level of tactical analysis
(Figure 4), when used in an attack can be simple (isolated strikes), combined (strikes
associated with movements, changes of stance, other strikes, etc.), or adjusted (kicks that
begin as part of one technical action whose final or impact phase belongs to a different
one) [5]. The choice of one resource rather than another is determined by contextual
parameters and weaknesses of the opponent of various kinds (attentional, psychological,
fatigue, positional balance, etc.) [12].
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Figure 4. Categorisation of technical–tactical resources in attack and neutralisation.

Neutralisation is direct when the attack neutralises a counterattack (preventing the
opponent from performing it or limiting its effectiveness) and indirect—easier to observe—
when the opponent is induced, by a feint, a movement, a change of stance, or a strike, to
counterattack and put themselves at risk of receiving, in turn, a response to their action,
during the most vulnerable phase of their counterattack. This is what is colloquially known
in the jargon of other sports as a ‘counter–counterattack’ [5].

At some points in the contest, a dual initiative may occur, that is, two simultaneous
attacks, without either action being a response to the opponent’s initiative. Temporal or
lag analysis helps to differentiate this situation from those in which there is an attack–
counterattack pattern. Actions with an offensive objective in which the other contestant
has the initiative are counterattacks. They depend on and adapt to the opponent’s actions
at the moment when they are executed [9], and this enables us, as shown in Table 5, to
distinguish anticipatory or ‘first-phase’ actions, simultaneous or ‘second-phase’ actions,
and subsequent or ‘third-phase’ actions, also known as ‘descending’ or ‘falling’ [9]. These
three counterattack subtypes or phases occur at three vulnerable moments in the attacking
action.
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Table 5. Subtypes of counterattack and execution times.

Counterattack Subtype Execution Moment

Anticipatory actions When the opponent is initiating action and therefore
entering the critical distance.

Simultaneous actions
When the action is in progress, and the performer is in a
situation of inertia that prevents them from rectifying

their action.

Falling or subsequent actions
When the opponent, after the moment of impact (which

can be missed) is lowering their kicking leg, still in a
situation of instability, as they are on a single support.

The categorisation of counterattacks is affected by the time of execution relative to
the attack and by spatial parameters such as the distance between the two contestants and
the trajectory of the counterattacking techniques: as Figure 5 illustrates, anticipatory and
simultaneous counterattacks occur within the critical distance or on the verge of it, whereas
subsequent counterattacks, also named as posterior counterattacks [7], usually include
a dodge, which increases the distance between the contestants until it is supra-critical,
and which can also include a change of stance or relative position vis à vis the opponent.
Simultaneous counterattacks, on the other hand, are executed using a trajectory, height, or
impact zone contrary to that of the attack, with the object of avoiding (unproductive and
frequently damaging) collisions and increasing the effectiveness of the counterattack [7].
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Defensive actions are those that seek only to prevent the opponent from gaining an
advantage or to maintain the state of the contest unchanged [12]. When athletes take on
the role of defender they submit to the opponent’s initiative and merely try to invalidate
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the latter’s actions or diminish their effectiveness. They resort to this role when they have a
very favourable score, or when the temporal and spatial situation is unfavourable, and they
cannot effectively execute a counterattack. This option also aims to minimise the risks or
create doubts in the attacker by systematically rendering their technical–tactical resources
ineffective, causing a debilitating psychological effect.

The introduction of objective scoring systems has given rise to blocks, defensive
actions consisting of interposing a segment of the upper body (as the rules demand) with
the object of preventing the attacker’s strike from making contact with the sensors of the
scoring devices, thereby avoiding adding points to the score [14]. Blocks are also used
during offensive actions, but their object is still to reduce the effectiveness of a potential
counterattack, in other words, to defend oneself [7].

As Figure 6 summarizes, other defensive resources used to neutralise or reduce the
effectiveness of an attack are variations in the distance—reducing it from critical to infra-
critical or to a clinch is known as cutting distance and increasing it to supra-critical is
dodging. A defensive resource introduced recently is the clash, also named as leg crash [15]
or interposition of a lower limb in the trajectory of an attack to modify it or reduce the force
of the impact which also makes the attacker lose their balance.
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In the transitions between offensive and defensive actions, the role of the athlete on
standby is found [5]. This non-fighting phase is confined to times when no action that
fits into one of the foregoing categories is occurring [9], but it does not correspond to a
neutral or resting position; it does not lack tactical purpose, as explained in Figure 7, and is
frequently an interval in which the tension between the contestants reaches peak levels,
and the actions performed also seek to determine the initiative or the contextual conditions
of the contest.
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Figure 7. Categorisation of tactical actions of the athlete on standby.

During the course of a contest, the two subjects compete with the intention of winning,
and this obliges them to make decisions every so often to preserve or modify the conditions
of the contest. Objectives are chosen, the initiative is taken and technical–tactical resources
are selected at various points during a contest according to determinants of contextual and
other kinds. By isolating each moment at which these choices are made, we discover the
existence of a unit which invests the choice of technical–tactical resources with meaning: the
objective of each contestant is to turn the relationship of confrontation to their advantage,
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momentarily or permanently, and they have the chance to achieve this advantage in each
combat situation by selecting actions to solve a problem or exploit an opportunity.

A combat situation starts from a pause (initiative on standby), which ends when one
of the two contestants initiates the action. The other concludes with a result (a scoring
interaction, positive or not) or triggers, in turn, a defensive response (block, cut, or dodge)
or an offensive response (attack or counterattack). The situation culminates in a concluding
event: a new pause, a knockdown, an interruption, either by the referee or of a temporal
(time limit) or spatial nature (clinch or crossing the boundary line), or even an incident or
accident [16].

Combat situations may follow on from each other immediately or after intervals of
non-fighting pause whose duration is limited by the rules (five seconds) [8], or after a
technical intervention by the referee (stopping the contest, for example), and they have
an inherent meaning—influenced by the objectives, roles, and choice of technical–tactical
resources—that is important for the result of the contest, which becomes a sequence of
problems and opportunities. Finding solutions to fit the parameters that determine each
situation and accumulating a larger number of successful actions than one’s opponent are
keys to a successful outcome: the result of a contest will be the summation of the results of
each of the combat situations that occur successively during that contest.

An analysis of each combat situation confirms the effectiveness of the technical and
tactical resources selected for the chosen tactical objectives, initiatives, and roles, depending
on the contextual conditions of the contest. These are scoreline, space, and time [10], as
well as the influence of agents such as coaches (who give instructions and request video
replays) and judges or referees (who interrupt the contest, apply penalties, award points
for punches, and request video replays). The effectiveness of a resource will also vary
according to the sensitivity of the electronic devices [14]. Finally, physical parameters such
as differences in body type, specifically in height and leg reach, will influence the choice
of technical–tactical resources, since the ability to reach the helmet or face will affect their
relative effectiveness [14]: the latter is not simply a matter of achieving a scoring interaction,
since effective actions can obtain from 1 to 5 points depending on the area hit and the type
of strike [8].

When analysing each combat situation, it will be essential to record the occurrence of
all the elements mentioned and the outcome, as well as other data such as non-fighting
times, the number of contest situations in each round, contest and phase of the competition,
the contestant’s number of successful resolutions of situations in attack, counterattack,
and defence, and the decisive moments in the contest (the moment at which a difference
starts to emerge in the scoreline, and the moment at which the advantageous position of
a contestant becomes irreversible). Regarding the effectiveness or ineffectiveness of the
resources used in each situation, we will analyse which parameters it is attributable to,
whether spatial, temporal, technical (incorrect technical execution), decisional (making the
wrong decision), or of another kind.

3.2. Technical–Tactical Observational Tool Validation and Preliminary Results

Regarding the results of the generalisability analysis, the G coefficients were optimal
(Table 6). The first model (CB/O) showed a G coefficient equal to one (G = 0.998), reflecting
the high reliability of the observers. In the second design (O/C), the G coefficient was 0,
showing categories that reflect the different combat situations and categories that are E/ME
in the frequency with which they appear. The third model (C/B) showed G coefficients
tending to one (0.56) but remaining below the recommended values (G > 0.80). D-study
(Table 6) revealed a G coefficient = 0.83 when 20 bouts were analysed (5 per tournament),
supporting the extrapolation of the results to the population of interest. Additionally, the
results of ICC (ICC = 0.99), Kendall’s Tau-b (ranging from 0.94 to 0.96), and Cohen’s kappa
(ranging from 0.86 to 0.98) revealed excellent-to-perfect agreement between observers (O1
and O2; O2 and O3; O1 and O3).
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Table 6. G and D study of the models tested with O*C*B multifaceted models.

G Study D Study

Sources of
Variation

Sum of Squares
(Type III) df R1 R2 R3 R4

[o] 0.031 2 [o] (3; inf) (3; inf) (3; inf) (3; inf)

[c] 456.671 16 [c] (17; inf) (17; inf) (17; inf) (17; inf)

[o][c] 2.809 32 [b] (5; inf) (10; inf) (15; inf) (20; inf)

[b] 541.8 4 N observ. 255 510 765 1020

[o][b] 0.211 8 G coeff. 0.557 0.715 0.79 0.834

[c][b] 810.746 64 Error 0.849 0.424 0.283 0.212

[o][c][b] 4.122 128 SD error 0.921 0.651 0.532 0.461

Note. [o] indicates observers, [c] indicates categories, and [b] indicates bouts.

Preliminary results on the percentage of occurrence of the updated technical–tactical
categories are included in Tables 7 and 8. As shown in Figure 8, offensive actions predomi-
nate (71.46%), followed by actions with competitors on standby (58.38%), while defensive
actions account for only 25.16% of those registered.

Table 7. Percentages of occurrence (%) of the different categorical actions of the updated observational tool.

Offensive Defensive Both Proper Adversary Standby Attacks Counter
Attacks Defence

Beijing 2008 40.00 20.00 40.00 20.00 40.00 40.00 20.00 20.00 20.00
London 2012 45.71 11.43 42.86 31.43 25.71 42.86 31.43 14.29 11.43

GP Manchester 2014 70.59 11.76 17.65 29.41 17.65 52.94 17.65 11.76
Rio de Janeiro 2016 42.27 18.56 39.18 34.02 26.80 39.18 34.02 8.25 18.56

Table 8. Percentages of occurrence (%) of the different technical–tactical actions of the updated observational tool.

Simple Comb. Correct. Direct. Indirect. Anticipat. Simult. Subseq.

Beijing 2008 20.00 0.00 0.00 0.00 0.00 0.00 0.00 20.00
London 2012 8.57 0.00 0.00 14.29 8.57 11.43 2.86 0.00

GP Manchester 2014 41.18 0.00 11.76 0.00 0.00 5.88 11.76 0.00
Rio de Janeiro 2016 9.28 11.34 2.06 4.12 7.22 5.15 3.09 0.00

Cut Clash Block Displac. Feint Posit.
Change Advance Closing

Spaces

Beijing 2008 0.00 0.00 0.00 20.00 0.00 0.00 20.00 20.00
London 2012 11.43 0.00 0.00 0.00 2.86 8.57 28.57 2.86

GP Manchester 2014 5.88 0.00 0.00 5.88 0.00 0.00 11.76 5.88
Rio de Janeiro 2016 4.12 4.12 4.12 6.19 5.15 2.06 21.65 10.31

Additionally, the results showed during final combat analysed in Beijing 2008, the
most effective one-point action was a subsequent counterattack, while in London 2012,
one-point actions were scored with direct and indirect annulation (n = 5 and 1, respectively),
anticipatory counterattack (n = 4) and simultaneous counterattack (n =1). Additionally, two-
and three-point actions were scored with an indirect annulation. In the GP Manchester
2014, one-point action was scored by using attacking actions (simple, n = 3; corrected:
n = 1), simultaneous counterattack (n = 1), and cut (n = 1). In this GP, the only three-point
action was scored with a simple attack. In Rio de Janeiro 2016, one-point action was scored
with simple attacks (n = 2), direct and indirect annulations (n = 2 and 4, respectively),
anticipatory counterattack (n = 2), and advance (n = 2), while two-point actions were scored
with combined attacks (n = 2). Finally, three-point actions were scored by using attacks
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(simple, n = 2; combined, n = 2), indirect annulation (n = 2), simultaneous counterattack
(n = 2), and advance (n = 2).
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4. Discussion

The aim of the present study was to propose an updated technical–tactical categori-
sation for observation analysis of elite taekwondo athletes, centred in combat situations,
and to validate and test its reliability in five bouts of four different elite tournaments
(i.e., Olympic Games of Beijing 2008, GP Manchester 2014, Olympic Games of London
2012 and Rio de Janeiro 2016). This study represents the first attempt to synthesise the
technical–tactical schema for different taekwondo tournaments. To the best of the authors’
knowledge, there is no study in the taekwondo field that presents observational tools
available to be used in different tournaments.

Combats sports are characterised by displaying a great variety of specific motor skills
according to each ‘playing situation’, even though they may share a series of common
variables [2]. Sampedro includes as common elements the existence of ‘a 1:1 confronta-
tion manifested through individual tactics; the importance of perceptual elements and
of precision in technical–tactical execution, tailored to the opponent, normally using au-
tomatised techniques; action in close, medium and distant invasion spaces, which in the
case of taekwondo are minimal and medium (1–3 m); scoring interaction with a time limit;
playing action with temporal decisions adapted to the opponent and a socio-motor action
space’ [11].

Most studies on competition taekwondo select a series of technical or tactical actions
and conduct an analysis of their occurrence or frequency during the contest [17–19], adding,
in some cases, their relationship with the result obtained. However, as previous authors put
it, ‘once the contest begins, it all comes down to tactics’ [20], and it is, therefore, necessary
to establish an up-to-date categorisation of the tactical actions that arise during the contest.

Although it has been stated that points were awarded subjectively at the judges’
discretion up to the Athens Olympic Games in 2004 [21], the 2008 Beijing Olympics were
actually the last at which the judges assigned points, by pushing a button, according to
their subjective perception. The change from a subjective scoring system to an objective
system, determined by electronic devices, has given rise to research on the functioning
of these devices and the implications of their use in contests [14–16,22–24] and on the
influence of new technologies on the actions of taekwondo competitors, who, as a result
of the application of these technologies, are thought to have changed their technical–
tactical behaviour [14,25,26]. Given the quantity and importance of the technological and
regulatory changes this sport has undergone in the past decade [14,25,27] and the shortage
of up-to-date scientific literature with a global perspective [20], it is desirable to define
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and organise the actions that form part of the current competitive structure of taekwondo,
which has been affected by these changes.

It has been established that the execution time of taekwondo techniques is less than
a second [28], and therefore, the responses to them have to be invoked, selected, and
sometimes executed within this short period of time. This time pressure gives rise to an
intuitive cognitive decision-making model since taekwondo athletes do not have time to
consider and analyse each situation before making a decision (necessary parameters in the
analytical model [22,29,30]), and the temporal constriction and high speed of the actions
make it very difficult for them to redirect and control tactical errors on the spot [20]. It is
argued that athletes who are expert decision makers are more skilled at recognising and
selecting the most relevant cues from their surroundings based on perceiving ‘chunks’ or
units of information; they have a greater repertoire of possible hypotheses and possible
actions stored in their memory and are better able to calibrate their decisions by assessing
uncertainties and risks [31]. These factors justify the choice of Olympic competitors,
selected by World or European qualifying events and ranking tournaments, for the analysis
of the competitive model, since this guarantees their mastery in this sport.

A taekwondo contest can be seen as a two-person zero-sum game; that is, a game
in which one player’s gains are the other’s losses [4]. Taekwondo competitors will have
to make decisions throughout the whole contest by searching their repertoire of possible
actions for those that will enable them to solve each problem or exploit each opportunity,
turning the relationship of confrontation momentarily or permanently to their advantage,
so that the winner will not be the one capable of reproducing a stereotyped technical model
but the one that proves to be more adapted in decision making, combined with effective
and efficient technical execution, hence the importance of tactical parameters.

In taekwondo competition, a wide variety of technical actions can be observed (strikes,
movements, defensive actions), and each of them can be combined with others at any
moment in the contest, generating an infinite number of observable actions which have
been included in various studies [27,32]. However, despite this enormous variability,
a technique has no inherent purpose in itself. It is simply the best way of executing a
movement, a psychomotor process devoid of intention, and it, therefore, has no meaning
within the contest unless it is associated with a tactical objective. Tactical objectives invest
the motor actions performed during a match with meaning, and for this reason, both
competitors strive to interpret the ‘semio-motor’ meaning of their opponent’s movements,
that is, their intentions and how they aim to achieve them, determined by the contextual
circumstances and the role they adopt.

Technical action is decisive when we are referring to sports in which there are no
tactical problems of direct opposition, whereas in those where such problems do arise, it is
more appropriate to speak of ‘technical–tactical actions’ [33]. Matveyev already suggested
that technique is practically inseparable from tactics, capturing this idea in the concept
of technical–tactical actions [2]. According to the role they adopt at each point in the
contest, contestants select the technical actions associated with tactical objectives—that is,
the ‘technical–tactical’ actions or resources—that make it possible to fulfil their objectives
in each situation. It is therefore relevant to categorise these actions before conducting any
subsequent observational study.

From the perspective of observational methodology, the sporting context is defined
in terms of space, time, and situation, taking this to refer to the people present and the
type of activity they are engaged in [34]. Thus, previous authors have stated that essential
parameters for systematising the structure of combat actions in taekwondo are initiative,
as well as those related to the position in space and to time [33]. Further development
of this idea can be found in De la Fuente et al. [12], who identified significant tactical
elements such as control of spaces, use of timing (or coordination in the execution of
actions), management of pressure on the opponent (putting them under pressure to make
them commit errors), and variability and correct choice between offensive, defensive,
and counterattacking styles, in other words, parameters related to objectives, roles, and
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initiative [20]. Although a previous work stated that initiative only determines the roles of
attacker and counterattacker in offensive actions [9], we consider that it makes it possible
to distinguish the role of the attacker from the other two possible roles, counterattacker
and defender, both of which are responses to the opponent’s initiative.

With regard to spatial parameters, the interaction space—that is, the space which
the athletes occupy during the bout—is minimal or medium, from 1 to 3 m [35]. The
distance at which taekwondo strikes are made and how it affects the speed or force of
impact have also been studied [13,21]. Some studies have also suggested that the space on
the mat that the contestants use during interaction is an important element for analysing
the contest [21,36], but it has not been possible to prove that this parameter is significant
in relation to gaining a technical–tactical advantage [20]. We identified variations in the
interaction distance that had not been included in the reviewed literature, establishing
four distinct distances: critical, supra-critical, infra-critical, and clinch or hand to hand,
which constitute parameters involved in the choice of different technical–tactical resources
available either in attack, counterattack, or defence role.

The studies reviewed have defined time-related subtypes of counterattack, such as
anticipatory, or ‘first phase’, simultaneous, or ‘second phase’, and subsequent, or ‘third
phase’, also known as ‘descending’ or ‘falling’ [28], but the spatial parameter, or distance
between the two contestants, will also need to be incorporated with the temporal parameter:
anticipatory or simultaneous counterattacks occur within the critical distance or on the
verge of it, whereas ‘descending’ counterattacks usually begin with a dodge which initially
increases the distance between the contestants and which may or may not include a change
of stance or position relative to the opponent. Simultaneous counterattacks are executed by
selecting techniques with an alternative trajectory, height, or impact zone to those of the
attack so as to avoid clashes and increase their effectiveness.

Additionally, in relation to time, Cardinali states that in an optimum state of attention
there are more than 200 milliseconds (ms) of latency between a sensory stimulus and the
motor response triggered by it and that this time is longest for visual stimuli [37]. Applying
this threshold is useful for discriminating between combat actions that happen to coincide
and those involving a stimulus–response (or attack–counterattack) situation arising from a
prior triggering action (whether it be a feint, an entry into the critical distance, an attack, or
any other stimulus).

Various studies have reported the number of actions performed by each athlete
during a contest, with disparate data ranging from an average of 27 actions [38], up to
31.52 and 34.72 for men and women, and even as many as 45, depending on the level
of the athletes [30]. Previous studies reported discrepancies in the most effective actions
during competition [18,39] being the most effective attacks while posteriorly predominated
counterattacks. This tendency was also shown in different studies [40] reporting different
options selected by taekwondoists to score. In line with the aforementioned works, different
tendencies were found to score in the four tournaments analysed. As they approach
the end of the contest, athletes make more attacks, owing to the reduction in the time
available [9,10,31], and this is related to the ‘decisive moment’, the moment from which
one of the two opponents dominates the match uninterruptedly until the end. On this
parameter, which seems relevant, we only found studies on karate contests [41].

Further time-related issues that have been established in various studies are the
duration of interactions, or fighting time, which has been determined as between 1.5 and
3 s [42,43], and the fighting/non-fighting (or effort/pause) ratio, which ranges between 1:2
and 1:3 [42], 1:4 [43], and 1:6 [44], and determines the effort during a taekwondo contest
in functional or physiological terms; however, it has not been determined whether the
changes in fighting/non-fighting ratio depend on the round of the competition or the
type of technical–tactical resource used. With regard to ‘non-fighting’ time, the literature
has tended to regard it as an unintentional pause of little tactical significance. However,
the role of the athlete on standby does not correspond to a neutral or resting position; it
does not lack tactical purpose and is frequently an interval in which the tension between
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the contestants reaches peak levels. The length of non-fighting time or pause between
actions has been reported by a number of authors, with durations ranging from 3 to 6 s,
increasing to 8 s in the Olympics [21,42,43]. This increase in the non-fighting period has
been attributed to greater tactical awareness and considered behaviour among athletes at
international level [21], which is congruent with assigning tactical objectives to the role
of the athlete on standby: by using spatial or temporal pressure or feinting—through
gestemes or changes in body weight—the athlete can pursue offensive objectives that will
be accomplished with a subsequent attack or counterattack, or try to avoid an attack or
a warning for passivity, which would correspond to a defensive objective. The action
duration’s analysis has not been contemplated but future research could consider the
possibility of using an observation software such as Hoisan or Lince and quantify the time
of each action, allowing to establish parameters of effort:pause and thus be able to make
practical proposals based on these physiological parameters.

The combat situation is a concept that has not been included or cited up till now in
the theoretical or scientific literature. However, analysing it could help clarify the deci-
sional model of taekwondo contests beyond gathering, quantifying, or serialising isolated
technical or tactical elements. As a step towards this concept, the sequence of events associ-
ated with an initial action has already been observed using lag studies [5,7,15,29,30,45,46].
However, these studies have not aimed so far as to establish the concept of the combat
situation. Close analysis of this concept can confirm the suitability/effectiveness, or un-
suitability/ineffectiveness, of the technical–tactical resources selected by each contestant
according to the tactical objectives, initiative, role being performed, and adaptation to the
contextual or environmental conditions of the contest or situations created by the influence
of the scoreline, time, and space [47]. Furthermore, and according to the second aim of this
manuscript, generalisability theory, which allows researchers to ensure the reliability of
the observational tools presented and to identify the sources of variability (e.g., observers,
observational categories, combats/participants) that affect the process of measuring these
actions [11]. The results showed optimal G coefficients and provided us with objective,
valid, and reliable information on the analysed bout situations.

5. Conclusions

Before conducting studies on taekwondo competition based on an observational
methodology, it is crucial to begin by systematically establishing categories tailored to
the current circumstances of the sport and the regulatory and technological changes it
has undergone. The competitive model determines whether the tasks observed in the
competition are open or externally regulated, and it is, therefore, more interesting to
analyse the technical–tactical actions that occur in the contest rather than stereotyped
techniques.

Since the contestants are subjected to enormous time pressure during the match, the
intuitive model plays the predominant part in decision making. It is, therefore, important
to automatise technical–tactical actions and store up effective resources for each combat
situation during training sessions. For this reason, recording and analysing the technical–
tactical resources associated with each combat situation and determining whether or
not they are suitable according to the tactical objectives, initiative, role, and contextual
conditions of the contest are of great importance for the performance model and the
optimisation of the training processes.

The criteria, categories, and resources used in taekwondo competitions, established
with the advice of recognised experts, will allow the systematic, reliable, and sustainbable
study over time of the factors that decisively influence decision making during combat.
These parameters should be included in the methodological research on taekwondo com-
petition as well as in the design of training tasks to improve athletes’ performance.
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