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Abstract: The particular responsibility of referees in combat sports lies in their decision-making to en-
force the rules of the sport, which requires considerable experience and a multitude of skills, including
perception, categorization, memory processing, and information integration. As a cost-effective alter-
native to in-tournament training, this research aims to evaluate the novel video-based serious game
called “JudgED” to train martial arts referees’ decision-making processes through immediate feedback.
The effectiveness of the JudgED game was assessed by (a) measuring decision accuracy and specific
reaction time, (b) calculating a theoretical probability of correct scoring, and (c) comparing these
results with real competition judging agreement data. A field study was conducted to analyze the
performance of 16 kickboxing referees. The study involved two video-based tests in the serious game.
The performance data for JudgED were obtained via a procedure that compares the players’ inputs in
the serious game with expert-defined decisions. The results were compared to real-competition data
gathered through qualitative analysis of kickboxing fights (n = 400 fights/1200 bouts) at the WAKO
World Championships 2021. The findings showed an average decision accuracy of 43.011% and an
average reaction time of 1.022 s. For further comparison, binominal distribution for the probability of
correct final decisions (between 15.3% and 67.2%) in JudgED and Fleiss’ Kappa interrater reliability for
JudgED (Ring: κ = 0.371; Tatami: κ = 0.398; p < 0.001) and tournament decisions (by bout: κ = 0.114;
by fight κ = 0.063; by outcome κ = 0.166; p < 0.001) were calculated. The results suggest that more
training is required to improve referee decision accuracy, and JudgED bears the potential to work as
a suitable supporting system.

Keywords: kickboxing; decision-making training; serious game; digital-game-based learning;
referees; judges; martial arts; match analysis

1. Introduction

Referees must possess diverse skills, including perception, physical fitness, and athlete
interaction, but their primary responsibility lies in decision-making [1,2]. In martial arts,
where athletes execute rapid sequences of techniques within a short time frame [3,4],
referees must rely on their memory to make appropriate decisions. This involves combining
their perception of the athletes’ movements with their previous experiences and the sport’s
rules [5,6]. Examining the decision-making task reveals a complex social–cognitive process
influenced by various specific external factors inherent to the sport being officiated [7].
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To effectively handle this complexity, referees must integrate their declarative knowledge
of the sports’ rules with procedural knowledge gained through practical experience [8].
Insufficient training of referees can lead to decision errors that have the potential to impact
the outcomes of competitions or tournaments [1].

Engaging in martial arts training has been recognized as a sport-based intervention
that can contribute to increased well-being [9]. When considering the influence of games
in this context, it is worth noting that a study by Jhon [10] has already identified that 3D
games have a minor impact on martial arts practice.

1.1. Kickboxing

The sport of kickboxing, according to the rules and regulations of the World Associa-
tion of Kickboxing Organisations (WAKO) [11], comprises a total of six fighting disciplines,
namely the tatami disciplines Point fighting (PF), Light Contact (LC) and Kick Light (KL),
as well as the ring disciplines Full Contact (FC), Low Kick (LK) and K1. While in ring
disciplines, every regular technique is only scored with 1 point if the judge detects it as
an “effective hit”, every regular technique leads to 1 to 3 points in the tatami disciplines.
For example, all hand techniques and kicks to the body (or leg, if allowed) and leg sweeps
are scored with 1 point, while kicks to the head are awarded with 2 points, and jumping
kick executions lead to an additional point. Furthermore, it is essential to note that judge
decisions include penalties for either exit (stepping out of the fighting area) in tatami
disciplines or prohibited techniques or target regions in all disciplines. While most current
research on kickboxing competition focuses on time motion analysis [12–14], no scientific
work was found on judging performance, which unfortunately generates the necessity of
producing additional results in order to compare the game with real-life data.

1.2. Decision-Making Process

Making decisions involves a series of steps within social information processing, which
include perception, categorization, memory processing, and information integration [15,16].
The process also occurs in various ways. The literature commonly differentiates between
rational and intuitive decisions [17,18]. According to dual-process theories, two types of
thought processes exist. One method is swift and instinctive. The other approach involves
slower and analytical evaluation [19]. Recent research increasingly discusses automatic
decision-making using algorithms [20]. Rational and intuitive decision-making processes
are not mutually exclusive; instead, they compliment each other. Combining rational and
intuitive processes often offers a solid foundation for decision-making. Bias, however, can
influence any decision-making process [21–23] and may also be more prevalent in untrained
referees. Furthermore, each step in the decision-making process plays a crucial role in
ensuring sound decision-making, although the emphasis on each step may vary depending
on the specific characteristics of the situation being judgED [24]. In the specific context of
assessing foul/no-foul scenarios in soccer, Schweizer et al. emphasize the importance of the
categorization step [25]. They draw upon Brunswik’s Lens model [26] to argue that multiple
cues influence categorizations, and only relevant cues contribute to the accuracy of the
decision. To effectively handle cue integration and make decisions under time constraints,
intuitive processing is employed instead of deliberate processing.

1.3. Decision-Making Training Challenges

The investigation of referees’ decisions has increased due to their impact on com-
petition outcomes and their associated economic consequences [7,27]. While various
approaches have been proposed in the literature to develop referees’ decision-making skills,
direct participation in sports competitions is recognized as an ideal method for acquiring
these skills [28]. However, relying solely on on-field experience may need to provide
more training intensity to reach an expert level in decision-making, as suggested by skill
development frameworks like the 10,000-hour rule of deliberate practice [29,30].
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To address the limited training time resulting from the scarcity of competitive events,
video-based training programs have emerged as a potential solution [7]. These programs
facilitate the accumulation of practical training intensity that would be difficult to accom-
plish solely through the judging of real competitions [30]. Over the past 17 years, there
has been a growing trend in research towards developing and evaluating well-grounded
video-based decision-making training programs [7]. Recent studies have confirmed the
effectiveness of video-based training platforms for referees in various sports [25,30–32].
Although there is currently no training platform available specifically for improving the
decision-making skills of martial arts referees, the positive effects observed in video-based
training approaches could potentially be transferable to martial arts refereeing.

1.4. Serious Games

In order to develope and improve skills with modern technology [33,34], recent re-
search suggests the utilization of serious games for increased motivation and resilience
during training [35–37]. Although there are various definitions of the term “serious game”,
Michael et al. [35] characterize it as games that prioritize education over entertainment.
There is a wide range of domains where serious games might be used, like within the
rehabilitation process of stroke using the sensors of a smartphone [36], or using smart-
phones for knee rehabilitation [38], cerebral dysfunction [39] or supporting the education
of nutrition [37]. The serious game created in this study falls into the subcategory of digital-
game-based learning, which seeks to enhance knowledge and skills through challenges
and corresponding accomplishments [40,41].

1.5. JudgED: Serious Game

To provide a possible solution to the above-mentioned issues, a serious game, named
JudgED [42] was developed. It is a specialized serious game explicitly designed for Martial
Arts referees and judges. It has two main components: an admin interface and a training
interface. In the admin interface, the head referee can upload, evaluate, and prepare video
clips depicting various fighting scenarios. This interface offers many features, including
video editing capabilities like cutting and sequencing, slow motion playback, blurring
of judges within the video, and highlighting. Additionally, it allows for the inclusion of
metadata for categorization purposes. The head referee can also organize these video clips
into courses and playlists for trainees.

In the training interface, another referee can watch and assess the videos regularly,
receiving immediate feedback on their judgments. The game encompasses six disciplines,
each with its own rule settings, providing different challenges for the players. For instance,
in Pointfighting, where only the initial regular technique is awarded a point, the judges
stand in the fighting area and use visible hand signs to make decisions. These signs are
blurred in the game to prevent the trainee from viewing the live decision. On the other
hand, in all other continuous disciplines, the fight continues without interruption after each
point. To handle consecutive decisions in these disciplines, the game employs a complex
“matching algorithm” [42].

Upon completing a game session, the trainee receives a statistical performance sum-
mary, including decision accuracy and the elapsed time between technique execution and
decision-making. The home screen also provides overall statistics for multiple game trials.
The head referees’ home screen features a similar overview but encompasses data from
all trainees. In summary, the game was developed based on generalized psychological
principles, such as the social cognitive model [7], the multiple-cue probability learning [43],
and the Hogarth’s approach [44]. These modes are also in (partial) accordance with serious
games for other sports, such as soccer [24,25,45], Australian Football [30], or Rugby [8,31].

It should be noted that in contrast to non-digital games, these are often associated with
addictive behavior [46]. However, it has also been shown that serious games can increase
perceptual and coordination skills through their psychological aspects [46].
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1.6. Aims

While JudgED constitutes a supporting system to professionalize the sport further, it
has not yet been evaluated. Therefore, this study aims to assess the effectiveness of the
JudgED game by (a) measuring decision accuracy and specific reaction time, (b) calculating
a theoretical probability of correct point awarding, (c) evaluating the testing reliability, and
(d) comparing these results with real-world competition judge agreement data.

1.7. Research Questions and Hypotheses

Formulated in alignment with the overarching objectives, the following subsequent
research questions were defined:

• Research Question 1 (RQ1): Can the JudgED system’s testing phases be considered
reliable?

• Research Question 2 (RQ2): To what extent does the decision accuracy of the JudgED
system tests align with the decision accuracy observed in actual, real-life scenarios?

In pursuit of these inquiries, the following hypotheses were subjected to empiri-
cal analysis:

Hypothesis 1 (H1). There are no significant differences between the test and the re-test, using the
JudgED system.

Hypothesis 2 (H2). There is a significant interrater-reliability agreement between the judges,
during the gameplay.

Hypothesis 3 (H3). There is a significant interrater-reliability agreement between the judges,
judging real tournaments.

2. Materials and Methods

The following sections describe the used materials and methods for acquiring the results.

2.1. Video Acquisition and Point Definition

The process of video selection, video scene extraction, and definition of decisions
was conducted by three subject matter experts: (i) an official WAKO kickboxing referee
(experience > ten years, licenses: National A and International Gold Card A), (ii) a former
professional WAKO kickboxing athlete (experience 13 years), and (iii) a former profes-
sional WAKO kickboxing athlete (experience 16 years) who also has experience as a coach
(13 years) and scientist (7 years). The video scenes were only annotated with decisions
in case the respective action was visible. Furthermore, to avoid influencing participants
of the field experiment by gesticulating referees visible in the video scenes, appearing
referees were occluded for the period of the revealing gesture. The judgment difficulty
of each video scene was rated by an expert referee, not participating in the experiment,
based on a five-point scale covering values from very low (1) to very high (5). All video
scenes (Table 1), including their defined decisions, were additionally reviewed and ap-
proved by an international WAKO referee, who was part of the content creation team. The
entire content creation and organization process was performed exclusively in JudgED
through functionalities of the content and administration module. The video scenes con-
sisted of kickboxing footage from real-world competitions produced by Brannmanndan
(https://www.brannmanndan.com, accessed on 1 March 2021). The originator granted
permission to use these videos. All videos had a minimum resolution of 720p.

https://www.brannmanndan.com
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Table 1. Main characteristics of the video scenes for Tatami (VT) and Ring (VR) disciplines, by
playlists for the test situations.

Playlist Number of
Video Scenes Duration Male/Female Mean Difficulty

VT1 25 5:25 m 24/1 2.6
VT2 27 6:32 m 23/4 2.6
VR1 12 11:56 m 11/1 3.1
VR2 12 12:40 m 6/6 3.1

The sets VT1 and VT2 included video scenes of the disciplines Point fighting, Light
contact and Kick light. The sets VR1 and VR2 included video scenes of the disciplines Full
contact, Low kick and K1 Style.

2.2. Participants

The sample consisted of 16 licensed (16 for tatami disciplines; 6 additionally for ring
disciplines) WAKO kickboxing referees, 2 (12.5%) female and 14 (87.5%) male, with a mean
age of 46.6 (±10.8) years and an average refereeing experience of 13.5 (±10.2) years. In order
to provide them with appropriate material throughout the field experiment, the sample was
divided into the groups ST (n = 10, age = 46.6 ± 11.5 years, experience = 12.9 ± 9.1 years)
and SR (n = 6, age = 46.7 ± 9.8 years, experience = 14.3 ± 11.5 years).

All participants volunteered to take part in the study and confirmed their agreement
by providing written consent. The university’s ethical committee granted ethical approval
for the study.

2.3. Field Experiment Procedure

The field experiment was divided into two days, including a familiarisation session to
reduce bias. The first day involved playing the first experimental playlist, while the second
day involved playing the second experimental playlist to evaluate reliability.

Day 1:

1. Familiarization: Prior to the conduction of the subsequent tests, the participants
JudgED the set of video scenes VF to accustom themselves to the functionality
of the serious game.

2. Test 1: While the Tatami Referees ST JudgED video playlist VT1, the Ring referees
SR JudgED playlist VR1 in the serious game.

Day 2:

1. Test 2: While the Tatami Referees ST JudgED playlist VT2, the Ring referees SR
JudgED the videos VR2 in the serious game.

All activities were performed on 10-inch Android-based tablets.

2.4. Data Processing

The field experiment will assess the decision accuracy and reaction time of the par-
ticipating referees. The serious game recorded the correctness and reaction time of each
decision (the time between the exact action and the click of the judge playing the game) in
the database. The reaction time is available only for decisions that can be matched with
defined decisions.

2.5. Qualitative Analysis of WAKO World Championships 2021

As no appropriate literature was found for comparing this particular case, a qualitative
analysis was performed on live stream videos of the WAKO World Championships 2021.
The overall bout scores, which are the sum of points awarded to each fighter by the judges,
were extracted and processed for a total of 476 fights comprising 1399 bouts in continuous
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disciplines. To narrow down the analysis, we included only the 400 fights with 1200 bouts
(involving two fighters, resulting in 2400 decisions) that ended with a winner determined
by points (excluding knockouts or technical knockouts) for the statistical procedures.

2.6. Statistical Analysis

All collected data were analysed using IBM SPSS Statistics [47]. Shapiro–Wilk test was
performed to test for the normality of the data. All inferential statistic tests were performed
at significance level α = 0.05.

2.6.1. JudgED Experiment

The Fleiss’ kappa inter-rater reliability test was used to measure the degree of agree-
ment among the referees on the judgment of each defined decision and for continuous
disciplines of the outcome of every round. To test the data for differences between test 1
and test 2, a t-test for dependent groups was performed. Finally, as a general measure
for judging quality with JudgED, the probability for “the correct point awarding” was
calculated using the binomial distribution. Therefore, the average decision accuracy of all
possible groups of three judges was calculated, and maximum, average, and minimum
were used for probability analysis for all disciplines.

P = 3x2 × (1 − x) + x3 (1)

P = Probability of correct final point awarding x = decision accuracy (per discipline).

2.6.2. Tournament Analysis

The data from the qualitative analysis of the real-world fight analysis were processed
on bout level and split in “points for fight winner” and “points for fight loser” for all
three judges, resulting in 6 (3 judges × 2 fighters) variables and 7200 data points. The Fleiss’
kappa inter-rater reliability test was performed for different gradations, namely (a) each
bout and fighter (2400 samples), (b) for each fight and fighter (800 samples), and the overall
outcome of each fight (1 = judge awarded win to fight winner; 0 = judge awarded win to
fight loser) to measure the degree of agreement among the referees on the judgment of
each defined bout. It is noted that Fleiss’ kappa considers possible coincidences, which is
believed to provide a more accurate measure in this setting than other procedures.

3. Results

The results are split into Section 3.1 including all analyses related to the game and
Section 3.2 consisting of the agreement examination between the referees during the com-
petition.

3.1. JudgED System Test

The JudgED game section shares the results obtained from the field experiment’s
descriptive analysis (Sections 3.1.1 and 3.1.2) on the recorded data. Next, the interrater
reliability for the gameplay was tested (Section 3.1.3), followed by an analysis focusing on
the two tests’ performance reliability of the field experiment (Section 3.1.4). Subsequently,
it examines the distinctions between the two assessments and gauges playlist harmoniza-
tion by evaluating the accuracy according to difficulty levels (Section 3.1.5), by analysing
whether the scene-based complexity of playlists is accurate. Lastly, to provide an overall
performance assessment, the likelihood of accurate decisions by three judges was computed
using the binomial distribution (Section 3.1.6).

3.1.1. Decision Accuracy

The results of the field experiment showed a mean decision accuracy of 43.011%
(minimum = 27.047%, maximum = 61.517%, σ = ±12.898%). A Shapiro–Wilk test showed
the normal distribution of the users’ decision accuracy, W(16) = 0.889, p = 0.053. Figure 1
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visualises the decision accuracy grouped by discipline, which accents the higher decision
accuracy of Tatami disciplines (50.460%) compared to Ring disciplines (30.596%).

Figure 1. Decision accuracy by discipline for Tatami (dark) and Ring (light), indicating that Point-
fighting might be the easiest discipline to judge, due to its point-stop rule, while ring disciplines tend
to be more difficult.

3.1.2. Judging Reaction Time

The results of the field experiment showed a mean reaction time of 1.022 s
(minimum = 0.755 s, maximum = 1.299 s, σ = ± 0.156 s). A Shapiro–Wilk test showed
the normal distribution of the users’ reaction time, W(16) = 0.942, p = 0.372. Figure 1
visualises the decision accuracy grouped by discipline, which accents the higher decision
accuracy of Tatami disciplines (50.460%) compared to Ring disciplines (30.596%).

The data set was also analysed for the decision value of the defined decision as
depicted in Figure 2. While defined decisions for which no user input was expected to be
considered correct showed the highest accuracy (57.205%), decisions defined as penalties
(i.e., warnings or exits) showed a conspicuously low accuracy (4.475%). Excluding the
decisions defined as penalties from the data set would increase the overall decision accuracy
from 43.011% to 49.626%.

Figure 2. Decision accuracy by defined decision value, indicating that accuracy might correlate with
frequency of occurrence.

3.1.3. JudgED Inter-Rater Reliability

The Fleiss’ kappa, κ, was calculated to measure the degree of agreement among the
referees on the judgment of each defined decision indicated by the combination of decision
value and colour. Due to the distinct sets of participants and the different scoring schemes
for the Tatami and Ring disciplines, two separate tests were performed.

Ring: The Fleiss’ kappa test for Ring was based on the judgment of 297 compelling
subjects (defined decisions) from 6 raters (referees). The kappa value of 0.371 indicates a
fair strength of agreement between the referees that is statistically significantly different
from zero (p < 0.005). Table 2 lists the results from the Fleiss’ kappa analysis. Further data
analysis reveals the differences in agreement between individual rating categories as shown
in Table 2. While the kappa coefficients for the decision value zero and one indicate a good
(0.644, 0.633), respectively, fair (0.315, 0.325) level of agreement [48], decisions with value
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penalty show an agreement that lies only slightly above chance agreement (0.024, 0.041).
The rating category no input refers to defined decisions with values other than zero for
which referees did not indicate a judgement. Based on this, an agreement can be assumed
as “fair” in both groups.

Table 2. Overall results from the Fleiss’ kappa analysis for Ring and Tatami judges, showing the
inter-rater reliability between the judges devided by discipline.

Kappa p n

Ring 0.371 <0.001 6
Tatami 0.398 <0.001 16

3.1.4. Test 1 and 2 Reliability

Decision accuracy slightly (but not significantly) decreased from 45.333% (±17.194%)
to 40.910% (±10.149%), while reaction time increased (not significantly) from 1.008 s
(±0.168 s) to 1.036 s (±0.176 s). Further analysis showed that participants of the Tatami
disciplines mainly caused a reduction in decision accuracy. While most Ring referees
(83.3%) increased their decision accuracy, most Tatami referees (80%) worsened their results
from test 1 to test 2.

To examine the differences between test 1 and test 2 of the field experiment, a de-
pendent t-test was computed. A Shapiro–Wilk test was computed to test the assumption
for performing the t-test. The differences of the paired values were approximately nor-
mally distributed for the measure of decision accuracy, W(16) = 0.949, p = 0.469, and
reaction time,W(16) = 0.975, p = 0.910. The result of the t-test indicated no significant
differences between both tests for decision accuracy, t(15) = 1.614, p = 0.127, and reaction
time, t(15) = −0.776, p = 0.450.

3.1.5. Examination of Difficulty

Figure 3 visualizes the referees’ performance by the difficulty of video scenes.

Figure 3. This diagram shows the decision accuracy by difficulty, indicating that the the pre-defined
difficulty might be very accurate, which serves as foundation for the playlist selection and ultimately
the test–retest comparison.

3.1.6. Probability Analysis

Based on the outcomes, the probability of correct point awarding was calculated using
binominal distribution for the three judges with the highest, the lowest, and most average
decision accuracy in all disciplines, displayed in Table 3. The lowest probabilities of 15.3%
for the lowest ranked three judges in LC and LK show very little chance of a correct final
decision. However, it is noted that the low penalty recognition might significantly impact
this overall result. It might also heavily affect the highest probability in PF of 67.2%.
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Table 3. Binominal Distribution: Probability Analysis for a correct decision of each combination of
3 judges.

PF LC FC LK K1

Maximum 67.2% 32.8% 21.2% 25.0% 54.0%
Average 52.8% 24.3% 18.3% 20.0% 44.1%

Minimum 33.3% 15.3% 15.6% 15.3% 32.3%

3.2. Competition Analysis

The Fleiss’ kappa, κ, was calculated to measure the degree of agreement among the
referees on the judgment of (a) both fighter’s final score of each round, (b) both fighter’s
final fight score, (c) final fight outcome. Results are displayed in Table 4. Based on [48] all
results can be classified as slight agreement.

Table 4. Fleiss’ kappa analysis for interrater reliability analysis in continuous disciplines at WAKO
World Championships, indicating significant low decision reliability.

Kappa p n

Round 0.114 <0.001 2400
Fight 0.063 <0.001 800

Outcome 0.166 <0.001 400

4. Discussion

In general, kickboxing judges require training systems that offer comprehensive addi-
tional training in situations that closely resemble real-life scenarios. Since the correlation
between decision accuracy and the subjective scene difficulty indicates a measure of func-
tionality, the reliability of the test is supported by the absence of significant differences
between the first and second tests. Therefore, it can be inferred that the system is suitable
for its intended purpose.

4.1. Decision Accuracy and Reaction Time in JudgED

As there were no notable distinctions between both tests regarding decision accuracy
and reaction time metrics, hypothesis 1 can be accepted and the first research question
answered. The overall findings indicated a mean decision accuracy of 43.011% and a mean
reaction time of 1.022 s. However, the low decision accuracy can be partially attributed to
the remarkably high error rate observed when assessing penalties (i.e., warnings or exits).
Only 4.475% of all penalty decisions were JudgED correctly. By excluding these decisions
from the dataset, the overall decision accuracy would increase from 43.011% to 49.626%.
Despite the significant interrater reliability, which leads to the acceptance of hypothesis 2,
the accordance can be described as somewhere between fair and low. While there exists
limited directly analogous literature, the observed outcome of approximately 80% favorable
outcomes (indicating erroneous referee decisions) in video reviews within the context of
Judo matches suggests a parallel trend [49]. Research in different sports, such as football,
however, show a decision accuracy of about 70% [50].

A significant disparity emerged between referees in the Tatami and Ring disciplines
after further analysis of decision accuracy. Tatami referees achieved a decision accuracy
of 50.460%, whereas Ring referees achieved a lower decision accuracy of 30.596%. This
difference can be attributed to the higher average difficulty level of video scenes in the
Ring disciplines (3.1) compared to the Tatami disciplines (2.6) and the high number of
penalties, which are clearly visible in slow motion, but less so at normal speed. Additionally,
video scenes in Ring disciplines contained numerous closely spaced decisions, which are
believed to be more challenging to judge. On average, video scenes in the Ring disciplines
contained 12.375 decisions, while those in the Tatami disciplines had an average of only
2.288 decisions.
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4.1.1. Probability Analysis

The analysis revealed that considering all decisions, the probability for three referees
to accurately judge the correct decision ranges from 15.3% to 67.2%. However, it is essential
to note that this probability does not directly represent the likelihood of the correct outcome
of the fight. It should be acknowledged that certain factors, such as a “missed” penalty,
can occur within the data but may not necessarily impact the overall fight outcome if it
results in a “verbal warning” or happens once in a fight for example, it does not affect the
points at all. Furthermore, multiple decisions are made within a bout, and multiple bouts
are conducted within a fight. This means that if one fighter is dominant, the probability of
them losing due to judge performance is still much lower than the binomial distribution
results suggest. Nonetheless, these statistics still raise concerns.

4.1.2. Competition Analysis

The analysis using Fleiss’ kappa method shows that there is a noticeable but not very
strong agreement (ranging from 0.063 to 0.166) among the three judges during the fights,
which leads to the acceptance of hypothesis 3. The reason for the lower agreement among
judges might be because they hold different opinions, even though we expected them to
agree more. Interestingly, we observed a slightly better agreement when using the JudgED
system, which suggests that it could be useful for training. However, it is important to note
that we cannot make a perfect comparison between the two methods because they collect
data in different ways.

4.2. JudgED Outcome Comparison with Competition Analysis

It is worth noting that the presented methodology does not permit a perfect compari-
son. Nevertheless, it provides a limited and rough estimation to answer the question, if the
JudgED study outcomes reflect reality. Based on the similarly low agreement within the
game and during the competition, it is stated that the outcomes might reflect reality, also
answering research question 2. It is important to emphasize that the lower accuracy in the
JudgED system test does not reflect problems with the system itself. Instead, it sheds light
on the judges’ overall performance and the specific difficulties associated with the sport.

4.3. Limitations

The main constraint of this study concerns the experimental design utilized to evaluate
the referees’ performance in the serious game. Several factors contribute to this limitation:
The relatively low number of participants in the experiment may restrict the generalization
of the findings. The brief duration given to familiarise oneself with the mechanics of the
serious game may have adversely affected performance. Another aspect to consider is
that the viewing perspective in the serious game does not precisely represent the natu-
ral competitive decision-making environment. The video scenes consist of footage from
real-life competitions and are not recorded from a first-person perspective. The field experi-
ment was conducted on 10-inch tablets, which may have posed challenges in accurately
identifying certain decisions. It is worth noting that the real-competition and field test
data in JudgED differ to some extent. In the serious game, complete bouts are not scored;
all judges are exposed to the same scene and perspective. However, finding a suitable,
feasible, and fully comparable solution does require further advanced analysis methods
and development, which are not technically feasible at present but may be the subject of
future evaluation.

5. Outlook

To further improve and evaluate the known data, a larger study will be carried out
after this pilot test. This study will comprise the analysis of a championship’s Sportdata
(official online scoring provider) logfiles, a training intervention with the JudgED system,
and another log file analysis on a tournament.
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6. Conclusions

It is important to bear in mind that contests are also constrained by time. As a result, it
is challenging to acquire expertise if one aims to obtain the required hours or matches. This
article focuses exclusively on referees in combat sports. The employment of the serious
game introduced herein represents one potential method for skill development.

The outcomes presented in this article demonstrate that the training with JudgED
exhibits almost the same decision-making standards as real contests. This would imply that
players can be evaluated and trained without the need for participation in tournaments,
leading to an enormous improvement in quality. Furthermore, minimizing travel time
would conserve time and contribute to environmental protection.
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