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Abstract:

Background: Recognized Taekwondo Poomsae competitions rely on judges'
evaluations of technical execution and presentation. Because competition
outcomes depend on subjective assessments, ensuring the reliability and fairness
of scoring is essential. This study investigated the reliability of scoring components
and score differences across competitions organized by the Korea Taekwondo
Association (KTA), the Korean University Taekwondo Federation (KUTF), and World
Taekwondo (WT). Methods: Official score sheets from 211 male individual
Recognized Poomsae matches conducted between January and December 2024
were collected during KTA, KUTF, and WT competitions. Scores awarded
independently by five judges for the Accuracy, Speed and power, Rhythm and
tempo, and Expression of energy components were analyzed. Internal consistency
was evaluated using Cronbach's a coefficients. Differences in scores among
organizing bodies were examined using one-way ANOVA or Welch's ANOVA with
appropriate post hoc tests. Results: The Accuracy component demonstrated
consistently high reliability across all organizing bodies and most Poomsae types
(Cronbach's a = 0.754-0.935). In contrast, the Presentation-related components
exhibited substantially lower and more variable reliability, with most a values below
0.70. Significant differences in scores were observed among organizing bodies. WT
competitions generally produced higher Accuracy scores but lower Presentation
scores than KTA and KUTF competitions. These findings indicate that Presentation-
related components are more susceptible to subjective interpretation and greater
inter-judge variability than Accuracy. Conclusions: The findings demonstrate that
scoring reliability in Recognized Taekwondo Poomsae differs substantially between
technical and presentation components. While the Accuracy component showed
satisfactory reliability, Presentation-related components require improved
evaluation criteria, enhanced judge education, and greater standardization across
organizing bodies. These findings may contribute to improving fairness and
consistency in Taekwondo Poomsae judging and support the development of
technology-assisted evaluation systems.
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INTRODUCTION

Sport is founded on the principle of fairness, whereby competition outcomes
should be determined by athletes’ performance, skill, and effort rather than by external
factors [1,2]. Fairness is widely recognized as a fundamental element for ensuring the
credibility of competition results and the sustainable development of sport [3]. When
athletes, coaches, and spectators perceive competition outcomes as unfair, confidence in
the sport may decline, which can ultimately hinder its long-term growth and development
[4]. Therefore, ensuring fairness is recognized as a critical responsibility shared by all sports
stakeholders, including athletes, coaches, judges, and governing organizations.

To enhance fairness and objectivity, many sports have adopted technological and
institutional innovations. For example, football has implemented the Video Assistant
Referee (VAR) system [5], tennis utilizes the Hawk-Eye system [6], and baseball has
introduced the Automated Ball-Strike System (ABS) [7]. Similarly, Taekwondo Kyorugi has
adopted the Protector Scoring System (PSS), which has improved judging objectivity and
reduced controversies associated with referee decisions [8]. These examples demonstrate
that the establishment of fair and reliable evaluation systems is essential for the
development and globalization of sport.

Particularly in judged sports such as figure skating, gymnastics, and diving, fairness
is of even greater importance because competition outcomes are largely determined by
judges’ evaluations [9-11]. To minimize subjectivity, these sports have developed detailed
scoring systems that clearly define technical difficulty, performance criteria, bonus points,
and deduction rules. Such systems contribute to greater consistency among judges and
enhance the credibility of competition outcomes.

Taekwondo Poomsae has become one of the major disciplines of Taekwondo,
alongside Kyorugi and has experienced continuous growth over the past two decades.
Since the inaugural World Taekwondo Poomsae Championships in 2006, Poomsae has
evolved into a competitive discipline through various international events, including the
Asian Games, the Universiade, and the World Championships [12]. In response to this
development, the Korea Taekwondo Association (KTA) and World Taekwondo (WT) have
continuously revised and improved competition rules and evaluation criteria to promote
the advancement of the discipline [13,14].

Despite these efforts, concerns regarding fairness and objectivity in Poomsae
judging continue to be raised by athletes, coaches, and judges [15-18]. Unlike figure skating
or artistic gymnastics, where technical difficulty and execution are independently
quantified through standardized scoring frameworks, Poomsae does not provide
sufficiently detailed evaluation criteria for distinguishing between technical quality and
performance execution [14,19,20]. As a result, competition outcomes may be influenced
by judges’ subjective interpretations, particularly in Presentation-related components.

Previous studies conducted by the present authors consistently reported relatively
high reliability for the Accuracy component, whereas the Presentation component
demonstrated substantially lower reliability [4,12,21,22]. These findings suggest that inter-
judge variability is more pronounced in evaluation components requiring qualitative
judgment.

Ensuring fairness and reliability in judging is an essential prerequisite for the
development of any sport into a global discipline [12,23]. Although the importance of
fairness and objectivity in Poomsae competitions has been increasingly recognized,
studies that systematically quantify competition results and examine inter-judge reliability
remain limited. Furthermore, most previous studies have analyzed only a single
competition, thereby limiting the generalizability of their findings. Therefore, this study aims




Physical Activity Review www.physactiv.eu

to address this gap by quantitatively examining the reliability of judging in Taekwondo
Poomsae competitions held in Korea over a one-year period, thereby enabling a more
comprehensive and robust evaluation of judging reliability. This study seeks to provide
empirical evidence to support the development of a more objective, standardized, and
reliable judging system in Taekwondo Poomsae.

Based on previous findings and the existing literature, the following hypotheses are
proposed: (H1) The Accuracy component will demonstrate higher inter-judge reliability
than the Presentation-related components, (H2) Inter-judge reliability will differ among
organizing bodies, (H3) Scores for both Accuracy and Presentation-related components
will differ among organizing bodies.

MATERIAL AND METHODS

Data Sources

In this study, score sheets from Recognized Poomsae individual competitions held
in Korea between March and September 2025 were used as the primary data for analysis.
The competitions included national-level Poomsae tournaments organized by the Korea
Taekwondo Association (KTA) and the Korean University Taekwondo Federation (KUTF), as
well as an international Poomsae competition organized by World Taekwondo (WT).

For the national competitions organized by KTA and KUTF, only matches from the
university division involving athletes enrolled in four-year universities were included.
University athletes enrolled in four-year institutions were selected because they represent
a relatively homogeneous population of specialized Poomsae athletes who undergo
systematic training. Restricting the sample to this population minimized heterogeneity in
competitive levels and improved comparability across competitions.

Athletes from two-year colleges were excluded to minimize potential differences in
competition level, as these participants are less likely to represent specialized Poomsae
athletes. For the international competition organized by WT, Under 30 division matches
were selected to ensure comparability with the university level athletes. The WT Under 30
division was selected because its age range and competitive levels most closely
correspond to those of university athletes competing in domestic competitions.

A total of 11,455 matches were analyzed, including 6,985 matches from seven KTA
competitions, 3,990 matches from two KUTF competitions, and 480 matches from one WT
competition. The unit of analysis was a single official score sheet corresponding to one
athlete's performance of one Recognized Poomsae in an individual match. Each score
sheet contained the scores assigned independently by all five judges for the Accuracy and
Presentation-related components (Table 1).

Inclusion and Exclusion Criteria
To ensure the consistency and validity of the dataset, the following criteria were
applied. First, Recognized Poomsae competitions are generally conducted using a
tournament system. However, some recognized Poomsae competitions in 2025 adopted a
cut-off system. To maintain consistency in competition format, Recognized Poomsae
matches conducted under the cut-off system were excluded.
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Table 1. Overview of Recognized Poomsae competitions and number of matches analyzed

Organizing Body Division Classifications Gender Number of Matches
KTA University division Individual match Male 6,985
KUTF University division Individual match Male 3,990
WT Under 30 Individual match Male 480
Total 11,455
Total Score
10.0 points
|
@' Accuracy \4— Presentation
4.0 points £\ 6.0 points
I
I I I
= |
Tﬁ, Speed and power Rhythm and tempo o i Expression of energy
2.0 points 2.0 points T 2.0 points

e B o S S ——

Judging Panel

Each performance is independently evaluated by

five judges. Each judge assigns scores for all components
within the maximum values shown above.

Maximum per judge

4.0 (Accuracy) +2.0+2.0+2.0
=10.0 points

IR S

,_________\

___________________________________________________________________________

Figure 1. Scoring system used in Recognized Poomsae competitions. Each performance was
independently evaluated by five judges. Each judge assigned a maximum of 4.0 points for the Accuracy
component and 2.0 points for each Presentation component (Speed and power, Rhythm and tempo,
and Expression of energy), resulting in a maximum total score of 10.0 points per judge.

Second, most Poomsae competitions are evaluated using a five-judge panel;
however, some competitions employed a seven-judge system, or switched to a seven-
judge system starting from the quarterfinals or finals. Given that variations in judging panels
may influence scoring criteria and averaging methods, all matches evaluated under a
seven-judge system were excluded.

Third, as the Jitae Poomsae is not included in WT international competitions,
analyses involving Jitae were limited to comparisons between KTA and KUTF competitions.

Additionally, matches were excluded if video recordings were unavailable due to
athlete withdrawal or if scoring results could not be verified due to technical errors during
video transmission.

Data Collection and Instruments

Data were collected by the researchers through direct on-site visits to competition
venues identified from the official annual schedules published by the Korea Taekwondo
Association (KTA), the Korean University Taekwondo Federation (KUTF), and World
Taekwondo (WT). Official score sheets were collected at each event and organized in
Microsoft Excel (Microsoft Corp., Redmond, WA, USA), with separate datasets created for
each organizing body. Scores assigned independently by all five judges for every match and
Recognized Poomsae were recorded according to the scoring system shown in Figure 1.




Physical Activity Review www.physactiv.eu

To ensure data accuracy and completeness, the recorded scores were cross-
checked against official match brackets and results published by the respective
organizations. In addition, publicly available competition videos from YouTube were used
to verify the recorded scores and minimize potential transcription errors.

Ethical Considerations

This study analyzed anonymized official scoring data obtained from publicly
conducted Taekwondo Poomsae competitions. No human participants were recruited, no
intervention or interaction with participants was performed, and no personally identifiable
information was collected or analyzed. Therefore, according to institutional research ethics
policies for studies using publicly available anonymous data, formal Institutional Review
Board approval and informed consent were not required.

Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics version 28.0 (IBM
Corp., Armonk, NY, USA). The analytical procedures were as follows:

First, the unit of analysis was a single official score sheet corresponding to one
athlete's performance of one Recognized Poomsae in an individual match. Each score
sheet contained the detailed scores assigned independently by five judges and served as
the basic unit for all statistical analyses. Each performance was treated as an independent
observation because the objective of this study was to evaluate judging outcomes at the
performance level rather than to examine repeated measurements of individual athletes or
judges across competitions.

Second, Cronbach's a coefficients were calculated for each scoring component
across all Recognized Poomsae matches included in the analysis, regardless of organizing
body. Cronbach's a was used to evaluate the internal consistency of judges' scoring across
the five judges for each performance. A Cronbach's a value of 0.70 was adopted as the
criterion for acceptable reliability.

Third, Cronbach's a coefficients were calculated separately for each scoring
component according to organizing body (KTA, KUTF, and WT).

Fourth, homogeneity of variance was assessed using Levene's test prior to group
comparisons. Given the large sample size of the present study, parametric analyses were
considered appropriate based on the Central Limit Theorem, which supports the
robustness of ANOVA to minor deviations from normality. Accordingly, one-way analysis of
variance (ANOVA) was performed when the assumption of homogeneity of variance was
satisfied, whereas Welch's ANOVA was applied when the assumption was violated. For
Jitae Poomsae, which was not included in WT competitions, independent samples t-tests
were conducted to compare only KTA and KUTF competitions. Statistical significance was
setatp <0.05.

Finally, when significant group differences were identified, Bonferroni post hoc
tests were conducted following one-way ANOVA, whereas Games—-Howell post hoc tests
were performed following Welch's ANOVA. These post hoc procedures were selected to
reduce the risk of Type | errors associated with multiple comparisons across Poomsae
types and scoring components.

RESULTS

Reliability Analysis of Scoring Components (Overall)
Overall and organizing body-specific reliability of the scoring components is
presented in Table 2. The Accuracy component demonstrated consistently high reliability
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across all Poomsae types and organizing bodies (Cronbach's a = 0.754-0.935). In contrast,
the Presentation-related components (Speed and power, Rhythm and tempo, and
Expression of energy) exhibited lower and more variable reliability (Cronbach's a =-0.238-
0.739). Across most Poomsae types, the WT competitions showed lower and less
consistent reliability for the Presentation-related components than the KTA and KUTF,
whereas the Accuracy component remained consistently high across all organizing bodies.

Table 2. Cronbach's a coefficients for the scoring components in Recoghized Poomsae competitions
(overall and by organizing body)

Speed Rhythm Expression
Poomsae type | Group n Accuracy T T Bicmiae e
Overall 2,760 0.834 0.652 0.639 0.655
KTA 1,530 0.769 0.695 0.683 0.688
Taeguk 7 Jang
KUTF 1,120 0.818 0.601 0.596 0.630
WT 110 0.916 0.648 0.629 0.657
Overall 3,170 0.858 0.610 0.584 0.600
KTA 1,960 0.830 0.678 0.656 0.666
Taeguk 8 Jang
KUTF 1,070 0.856 0.648 0.658 0.668
WT 140 0.924 0.340 0.150 0.205
Overall 2,630 0.842 0.702 0.694 0.706
KTA 1,660 0.817 0.739 0.727 0.728
Koryo
KUTF 800 0.852 0.635 0.636 0.657
WT 170 0.824 0.096 0.208 0.344
Overall 3,110 0.869 0.627 0.608 0.614
KTA 1,860 0.850 0.657 0.631 0.643
Keumgang
KUTF 960 0.812 0.640 0.631 0.640
WT 290 0.935 0.705 0.694 0.691
Overall 2,840 0.855 0.671 0.662 0.668
KTA 1,770 0.799 0.718 0.706 0.707
Taebaek
KUTF 950 0.869 0.704 0.704 0.712
WT 120 0.880 -0.407 -0.428 -0.422
Overall 2,850 0.833 0.669 0.641 0.652
KTA 1,770 0.822 0.713 0.679 0.683
Pyeongwon
KUTF 1,060 0.810 0.604 0.593 0.614
WT 20 0.754 0.027 0.096 -0.238
Overall 2,730 0.865 0.689 0.680 0.687
KTA 1,610 0.850 0.711 0.696 0.698
Sipjin
KUTF 1,010 0.843 0.668 0.662 0.673
WT 110 0.932 0.668 0.665 0.701
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Poomsae type | Group n Accuracy an?ip::v(\jler : T:rt::; E:)(fp :1?:;;/“
Overall 2,830 0.838 0.672 0.662 0.675
. KTA 1,820 0.800 0.641 0.630 0.635
Jitae KUTF 1,010 0.860 0.672 0.663 0.683
WT - - - - -
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Differences in Accuracy Scores by Organizing Body
Levene's test indicated that the assumption of homogeneity of variance was
violated for all Accuracy comparisons. Therefore, Welch's ANOVA was used for all analyses
presented in Table 5. Significant differences among the organizing bodies were observed
across all Poomsae types from Taeguk 7 Jang to Sipjin. Overall, WT competitions produced
the highest Accuracy scores, followed by KTA and KUTF competitions. For Jitae Poomsae,
Accuracy scores were significantly higher in KTA competitions than in KUTF competitions.

Differences in Presentation-related Scores by Organizing Body

Levene's test indicated that the assumption of homogeneity of variance was
violated for all Presentation-related comparisons except for the Expression of energy
component of Pyeongwon Poomsae. Accordingly, Welch's ANOVA was applied to all
Presentation-related analyses presented in Table 3, except for the Expression of energy
score of Pyeongwon Poomsae, which was analyzed using a conventional one-way ANOVA.
Significant differences among the organizing bodies were observed for all three
Presentation-related components across all Poomsae types (Table 4). Overall, KTA
competitions tended to receive higher scores than KUTF and WT competitions for most
Poomsae types, although the ranking patterns varied slightly across Poomsae types and
Presentation components. For Jitae Poomsae, KTA competitions consistently yielded
significantly higher scores than KUTF competitions.

Table 3. Differences in Accuracy scores by organizing body

Poomsae Type | Organizing Body M =SD Statistic p Effect size Post-hoc

KTA (n=1,530) 3.25%0.10

Taeguk 7 Jang KUTF (n=1,120) 3.18%0.13 F=174.85 <0.001 n°=0.193 c>a>b
WT (n=110) 3.47 £0.21
KTA (n=1,960) 3.24£0.11

Taeguk 8 Jang KUTF (n=1,070) 3.18+0.16 F=80.80 <0.001 n>=0.113 c>a>b
WT (n=140) 3.43+0.29
KTA (n=1,660) 3.22+0.13

Koryo KUTF (n=800) 3.15%0.15 F=80.18 <0.001 n°=0.063 c>a>b
WT (n=170) 3.27%0.13
KTA (n=1,860) 3.17+0.18

Keumgang KUTF (n=960) 3.12%0.17 F=108.18 <0.001 n®=0.098 c>a>b
WT (n=290) 3.35+0.26
KTA (n=1,770) 3.24+0.12

Taebaek KUTF (n=950) 3.15+0.16 F=111.68 <0.001 n>=0.093 c>a>b
WT (n=120) 3.31+0.28
KTA (n=1,770) 3.21+0.14

Pyeongwon KUTF (n=1,060) 3.18+0.16 F=150.00 <0.001 r]2 =0.040 c>a>b
WT (n=20) 3.563%0.16
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Poomsae Type | Organizing Body M =SD Statistic p Effect size Post-hoc

KTA (n=1,610) 3.23%0.12

Sipjin KUTF (n=1,010) 3.16+0.18 F=126.63 <0.001 n°=0.135 c>a>b
WT (n=110) 3.44£0.22
KTA (n=1,820) 3.22%0.15
Jitae KUTF (n=1,010) 3.17+0.15 t=9.361 <0.001 d=0.373 a>b
WT (n=0)
Table 4. Differences in Presentation-related scores by organizing body
KTA KUTF WT .
C Poomsae type (M= SD) (M= SD) (MSD) Statistics
Taeguk 7 Jang | 1.62+0.06 | 1.57+0.07 | 1.57+0.10 | F=178.29, p<0.001, r]2=0.1 14, a>b, c
Taeguk 8 Jang | 1.62+0.08 | 1.58 +0.07 | 1.56+0.12 | F=70.77, p<0.001, n°=0.045, a>b, ¢
Koryo 1.61+0.07 | 1.58+0.08 | 1.60+0.08 | F=69.87, p<0.001, n?>=0.053, b<a, ¢
Keumgang 1.60+0.07 | 1.56+0.08 | 1.55+0.11 | F=97.31, p<0.001, n?>=0.064, a>b, ¢
Speed and
power
Taebaek 1.62+0.07 | 1.57+0.08 | 1.54+0.08 | F=159.40, p<0.001, n°>=0.112, a>b>c
Pyeongwon 1.61+£0.07 | 1.57+0.07 | 1.53+0.07 | F=110.90, p<0.001, r]2=0.072, a>b>c
Sipjin 1.61+0.07 | 1.58+0.07 | 1.60=0.11 | F=87.68, p<0.001, n*=0.057, b<a, ¢
Jitae 1.62+0.07 | 1.58+0.07 — t=13.096, p<0.001, d=0.528, a>b
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(] Poomsae type KTA KUTF w1 Statistics
YP€ Mxsp) | (MtsD) | (M=SD)
Taeguk 7 Jang | 1.60=0.07 | 1.55+0.07 | 1.56=0.11 | F=182.39, p<0.001, n>=0.115, a>b, ¢
Taeguk 8 Jang | 1.60+0.08 | 1.55+0.07 | 1.54=0.11 | F=113.44, p<0.001, n*=0.045, a>b, c
Koryo 1.59+0.07 | 1.55+0.08 | 1.59+0.07 | F=85.35, p<0.001, n°=0.066, b<a, ¢
Keumgang 1.58+0.08 | 1.54%0.07 | 1.53+0.12 | F=97.81, p<0.001, n?>=0.061, a>b, ¢
Rhythm and
tempo

Taebaek 1.60%0.07 | 1.55+0.08 | 1.54=0.09 | F=156.09, p<0.001, n>=0.108, a>b, ¢
Pyeongwon 1.59+0.07 | 1.55+0.07 | 1.55+0.05 | F=109.35, p<0.001, n°=0.070, a>b, ¢

Sipjin 1.60+0.08 | 1.55+0.08 | 1.58+0.11 F=93.36, p<0.001, n°=0.061, a>b

Jitae 1.59+0.07 | 1.55+0.08 — t=12.936, p<0.001, d=0.526, a>b
Taeguk 7 Jang | 1.58+0.07 | 1.53+0.07 | 1.55=0.11 | F=160.17, p<0.001, n*=0.098, a>b, c
Taeguk 8 Jang | 1.58+0.08 | 1.54+0.07 | 1.52+0.11 | F=94.38, p<0.001, n°=0.058, a>b, ¢
Koryo 1.58+0.07 | 1.54+0.08 | 1.58+0.06 | F=60.91, p<0.001, n?=0.048, b<a, ¢
Keumgang 1.56+0.08 | 1.53+0.07 | 1.52+0.12 | F=77.84, p<0.001, n°=0.048, a>b, ¢

Expression of
energy

Taebaek 1.58+0.07 | 1.54%0.08 | 1.52+0.10 | F=131.36, p<0.001, n°=0.090, a>b, ¢
Pyeongwon 1.57+0.07 | 1.54%0.07 | 1.53+0.06 | F=85.37, p<0.001, n?>=0.057, a>b, ¢
Sipjin 1.58+0.08 | 1.54+0.08 | 1.57+0.11 | F=79.93, p<0.001, n°=0.054, b<a, ¢

Jitae 1.58+0.07 | 1.54+0.07 — t=11.264, p<0.001, d=0.450, a>b

C - Component. Values are presented as mean * standard deviation (M = SD).
Welch's ANOVA was applied for all comparisons except the Expression of energy score for
Pyeongwon, which was analyzed using one-way ANOVA. Jitae Poomsae was compared only
between KTA and KUTF using the independent-samples t-test because WT did not include
this Poomsae. n”=eta squared; d = Cohen's d. Post hoc comparisons were performed using
Games-Howell or Bonferroni tests, as appropriate. a = KTA, b = KUTF, ¢ = WT.

10
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DISCUSSION

Reliability Analysis of Scoring Components in Recognized Poomsae Competitions

The present study demonstrated that the Accuracy component exhibited
consistently higher reliability than the Presentation-related components across organizing
bodies and most Poomsae types. These results are consistent with previous studies
analyzing male individual Recognized Poomsae competitions, thereby supporting the
present findings [4,12,21,22].

Furthermore, prior research has reported that the Accuracy component in
Recognized Poomsae is based on clearly defined criteria, including movement trajectories,
prescribed techniques, and clearly established deduction rules, allowing for relatively
objective scoring and smaller inter-judge variability [24]. For instance, specific deduction
elements such as heel lifting can be assessed using observable and discrete criteria,
similar to error-based scoring systems employed in judged sports such as figure skating
and artistic gymnastics, where execution or grade-of-execution deductions are
systematically applied [25]. In practice, both the Korea Taekwondo Association and World
Taekwondo have continuously refined judging criteria by standardizing aspects such as
movement names, spatial positions, distances, gaze direction, weight transfer, and
deduction factors. These characteristics may partially explain the relatively high reliability
observed in the Accuracy component. However, because the effects of judge education
and training were not directly examined in the present study, this interpretation should be
considered with caution.

In contrast, the Presentation-related components, Speed and power, Rhythm and
tempo, and Expression of energy, showed lower overall reliability. Although some cases
exceeded the threshold of 0.7, most analyses stratified by organizing body yielded reliability
values below 0.7. These findings are consistent with previous studies, further supporting
the present results [4,12,21,22].

One possible explanation is related to the composition of judging panels in
international competitions. Because WT competitions involve judges from different
countries and regions, variability in judging backgrounds and interpretations may influence
scoring consistency. However, the present study did not examine judges’ backgrounds,
experience, or panel composition directly. Therefore, this explanation should be
interpreted as a plausible hypothesis rather than a confirmed mechanism.

In addition, the relatively low reliability of the Presentation components may be
associated with recent changes in the competition structure. In Recognized Poomsae,
Presentation has gained increasing importance, with scoring weights currently allocated as
4.0 points for Accuracy and 6.0 points for Presentation. However, previous research has
shown that judges may place even greater emphasis on Presentation in practice [26, 27].
As the relative importance of Presentation increases, subjective judgment plays a more
critical role in determining competition outcomes. Despite this shift, standardized
evaluation criteria and judge training systems for Presentation components remain
insufficient. This may contribute to inconsistencies in judging.

Itis also important to consider the relatively small sample size of World Taekwondo
competitions included in this study. Therefore, caution should be exercised when
generalizing these findings, and the results should be interpreted as indicating the potential
for instability in scoring at the international level rather than definitive conclusions.

Additionally, previous studies have suggested that accumulated judging workload
may reduce concentration and scoring consistency by increasing cognitive fatigue [27].
Even experienced judges may experience difficulty maintaining consistent evaluations
when assessing multiple performances consecutively [21]. Although judging workload and

11
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fatigue were not directly measured in the present study, these factors may represent
possible explanations for the relatively low reliability observed in the Presentation-related
components. Future studies should examine these variables directly to better understand
their potential influence on judging reliability.

Taken together, these findings suggest that improving the reliability of Presentation-
related components requires not only clearer evaluation criteria but also more
standardized judge education and further investigation of judge- and competition-related
factors that may influence scoring consistency.

Analysis of Score Differences in Recognized Poomsae Competitions

The present study found systematic differences in Accuracy scores among
organizing bodies, with WT competitions generally producing higher scores than domestic
competitions. As international interest in Taekwondo Poomsae has recently increased, the
overall performance level of athletes has become more standardized and elevated both
domestically and internationally [21].

In addition, international Poomsae competitions organized by WT are structured
into tiers ranging from G1 to G10 depending on the scale of the event. Athletes earn ranking
points based on competition tier and placement, and these rankings directly influence
seeding in subsequent competitions [14]. The WT competition analyzed in this study
corresponded to a G2-level event, which typically attracts a large number of national team-
level or elite athletes.

One possible explanation is that WT G-ranked competitions generally attract
a larger proportion of elite athletes, which may contribute to the relatively higher Accuracy
scores observed in the present study. However, athletes’ competitive level was not directly
evaluated; therefore, this interpretation should be considered with caution.

In contrast, the analysis of differences in Presentation-related components across
organizing bodies revealed that scores in WT competitions were generally lower than those
observed in competitions organized by the KTA and the KUTF across most Poomsae types.

In WT competitions, judges from various countries participate because of the
international nature of the events. Differences in technical background, judging
experience, and cultural perspectives may lead to variation in the interpretation of
Presentation-related criteria. However, because judges’ backgrounds and panel
composition were not analyzed in the present study, this explanation should be regarded
as speculative.

Furthermore, these findings are consistent with the results of the reliability analysis
in this study, which showed that most Presentation-related components had Cronbach’s a
values below 0.7. In other words, the observed differences in Presentation scores among
organizing bodies do not simply reflect differences in score magnitude but rather indicate
that Presentation components are highly dependent on subjective interpretation by judges.

In contrast, in figure skating, an event with competitive characteristics similar to
Taekwondo Poomsae, athletes are assigned base values according to a pre-submitted
technical element sheet, and judges evaluate performances based on Grade of Execution
(GOE) scores ranging from £5 (up to +50% of the base value), along with detailed deduction
criteria [28]. In other words, regardless of the organizing body, a standardized scoring
system is established to ensure that the same technical difficulty and execution quality
receive consistent scores.

This structure is designed so that final rankings are determined by both technical
composition and quality of execution. As a result, athletes and coaches can reasonably
predict potential score variations, and trust in judging outcomes can be maintained at a
relatively high level.
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Taken together, the present findings suggest that scores in Taekwondo Poomsae
may reflect not only athletes’ performances but also characteristics of the judging
environment. Although the present study did not directly examine these factors, further
research is needed to clarify how they influence score interpretation across organizing
bodies.

Therefore, future efforts should focus on developing more standardized scoring
criteria, particularly for Presentation-related components, while strengthening judge
education and establishing evaluation guidelines that facilitate consistent score
interpretation across organizing bodies.

CONCLUSION

The findings of this study demonstrate that Recoghized Poomsae competitions
exhibit differences in judging reliability and scoring according to evaluation components
and organizing bodies. In particular, the Presentation-related components exhibited
substantially lower inter-judge reliability than the Accuracy component.

The present findings suggest that the observed variability in scoring is associated
with differences across evaluation components and organizing bodies. Specifically, the
relatively low reliability of the Presentation-related components indicates the need for
clearer evaluation criteria, greater consistency in the application of scoring guidelines, and
continued efforts to strengthen judge education. These improvements may contribute to
enhancing fairness and reliability in Taekwondo Poomsae competitions.

However, this study has several limitations. First, the data from World Taekwondo
competitions were limited in sample size and were based on a single competition, which
restricts the generalizability of the findings. Future research should incorporate
longitudinal data from multiple international competitions, including G1-G8 level events,
to further examine changes in scoring patterns and reliability across organizing bodies and
competition levels.

Second, Cronbach's a was used to evaluate the internal consistency of judges'
scoring across the five judges for each performance. Although this approach provides
usefulinformation regarding the consistency of scoring patterns, it does not directly assess
inter-rater agreement. Therefore, future studies should consider complementary reliability
measures, such as the Intraclass Correlation Coefficient (ICC) or Generalizability Theory,
to provide a more comprehensive assessment of judging reliability.

Third, although each performance was treated as an independent unit of analysis,
some athletes and judges may have participated in multiple competitions during the study
period. Consequently, complete statistical independence of observations cannot be
guaranteed. This potential pseudoreplication should be considered when interpreting the
present findings. Future studies should employ longitudinal or multilevel analytical
approaches that explicitly account for repeated participation by athletes and judges.

Overall, the present findings indicate that judging reliability and scoring patterns in
Recognized Poomsae vary according to evaluation components and organizing bodies.
Most notably, the relatively lower reliability observed for the Presentation-related
components highlights the need for continued refinement of evaluation criteria and more
consistent application of judging standards. These findings provide empirical evidence that
may support future efforts to improve the fairness and consistency of judging in Taekwondo
Poomsae competitions.

13
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Limitations and Future Directions

Future studies should also examine whether prolonged judging sessions are

associated with physiological or cognitive fatigue using objective indicators, similarly to
recent investigations of fatigue dynamics in elite taekwondo athletes [29].
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