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Reliability and agreement in technical and artistic scores during real-time 

judging in two European acrobatic gymnastic events 

 
 

ABSTRACT 

The study investigates reliability measures for performance scores given by random judges 

(Execution and Artistic scores) and the agreement between more expert judges (Control 

Scores) and the two middle Execution/Artistic scores (Panel scores) during Qualifying and 

Final competitions performed at the 10th European Age Group Competition (EAGC) and at the 

29th European Acrobatic Gymnastics Championships (ECh). To assess agreement, mean 

absolute Control-Panel score deviations were calculated using Bland-Altman and Kaplan-

Meier plots. Reliability average measures ranged from 0.88 to 0.97. Control Score reliability 

was higher in ECh for Execution and Artistic scores. Artistic scores showed higher variability 

and lower agreement between judges in Qualification for ECh. Significant differences were 

found in Control and Panel score mean deviations for Execution scores at the EAGC 

and for Artistic scores at the ECh. No significant reliability differences were found between 

competitions. Control-and-Panel score correlations ranged from 0.862 to 0.915 for Execution 

scores and from 0.864 to 0.899 for Artistic scores. Overall results exceeded 80% 

agreement for Execution and Artistic scores. Reliability and strength of agreement of judging 

were high and very acceptable respectively. We suggest that judging reliability should be 

regularly examined to optimise technical and artistic criteria set by FIG for fairer competition. 

 

1. Introduction 

The objectivity, reliability and validity of visual judging have been evaluated in a number 

of studies on gymnastics and other aesthetic sports (Anderlucci et al., 2020; Bučar et al., 

2012; Dugas et al., 2005; Findlay & Ste-Marie, 2004; Leskoŝek et al., 2012; Leskošek et al., 

2018; Mack et al., 2019; Pajek et al., 2010; Pizzera et al., 2018; Ponciano et al., 2018; 

Wilson, 1976). In gymnastics, each judge reports a score within a restricted range for each 

performance. While there are some guidelines to assist them in making this score, 

amongst them the fact that outlying scores are discarded, each score is subjective in 

nature (Whissell et al., 1993). Judging a gymnastics routine is a noisy process, and the 

performance of judges varies widely (Mercier & Klahn, 2017). Judges who evaluate the 

performance of athletes have international and practical experience and the judging in 

gymnastics can be facilitated by either the judges’ own motor experience or a specific 

visual experience (Heinen et al., 2012), which seems to be reflected in a specific gaze 

behaviour, partly stemming from judges’ own sensorimotor experiences of the skills 

assessed (Pizzera et al., 2018). 

To assign scores, unbiased judges should use only the athletes’ performance when 

competing, and not external factors such as expectations, memory bias (Ste-Marie, 2003), 

uniformity of judgements, order of appearance, or national bias (Whissell et al., 1993). 



Judges need to apply reliable assessment techniques, and they need need excellent 

attention skills to process visual information and overcome fatigue (Van Bokhorst 

et al., 2016). The outcome of a performance does not rely exclusively on objective 

measurements, so different factors that affect the accuracy of the scores assigned by 

judges have been studied (Leandro et al., 2015; Van Bokhorst et al., 2016), including open 

feedback (Boen et al., 2008), angle of view (Dallas et al., 2011), the judges’ level of 

expertise (Flessas et al., 2015; Ste-Marie, 1999, 2000), memory biases resulting from 

advance information about the elements in a routine before it is performed in competition 

(Ste-Marie, 1999, 2003) and the level of the gymnasts (Leandro et al., 2015). The 

judges must have knowledge of the criteria defined in the code of points for artistic and 

technical performance (Ste-Marie, 1999) and the more experienced international-level 

judges probably also make use of other cognitive strategies to ensure better judging 

(Flessas et al., 2015). Achieving accurate performance evaluations can help to improve 

the quality of decision making in various forms and levels of sport (Plessner & Haar, 

2006). 

But how easy is judging? Who can judge? Judges who evaluate the performance of 

athletes at international and Olympic levels of competition do so only after intensive 

programs of training, certification, and practical experience (Whissell et al., 1993). 

Paradoxically Čuk (2015) found that sometimes, spectators’ reliability in judging can 

match that of official judges, with their rankings being similar or even better. Finally, 

competition level stress, different educational processes at judging courses, and previous, 

new, or confusing information provided in judges’ meetings before competitions, may be 

additional reasons for different scores being awarded for the same routine. In this 

context, several authors claim the need for alternative approaches to judging gymnastics, 

using biomechanical and video-assisted methods (Mack et al., 2019) or using data from 

international competitions to evaluate the accuracy of the marks given by judges and 

assess to what extent judges rate gymnasts in the correct order, study outlier detection to 

pinpoint athletes who were poorly evaluated, and discuss the interesting observations 

and discoveries that led to recommendations to the Fédération Internationale de 

Gymnastique (FIG) (Mercier & Klahn, 2017). 

Acrobatic Gymnastics (ACRO) is a gymnastic discipline characterised by the performance 

of individual and Pairs or Groups gymnastics with high levels of difficulty in the 

elements, which are choreographed throughout using artistic components and have 

a total duration of 120 or 150 s, according to the kind of routine. Each routine is judged 

for its difficulty, execution and artistic merit, evaluated by a panel composed of four 

Execution Judges (EJs) and four Artistic Judges (AJs), from which the averages of the 

middle two Execution/Artistic scores determine the Execution and Artistic Panel scores 

(E/A P-scores). In a parallel way, the Control Scores (C-scores) are determined by the 

Superior Jury. If errors are found, the Superior Jury judges must give verbal warnings and 



feedback to the judges who have provided outlying results. Although the ACRO-COP 

prescribes the execution deductions precisely (i.e. 1 point for falling, 0.1, 0.2–0.3 and 0.5 

for small, medium and large errors respectively) and defines 5 different criteria for 

producing the Artistic score, the 4 EJs and AJs often do not give the same scores for 

the same exercises. However, transparent and precise judging is of paramount importance 

in gymnastics. Consequently, to verify the quality of judging in ACRO, it is 

necessary to identify the extent to which the scoring system is objective. To what extent 

can a panel of judges accurately assess the same exercise? Do the C-scores and P-Scores 

(provided by the judges’ panels) agree? To what extent are the scores resulting from the 

judging panels consistent with the ratings assigned by the C-Scores? How large is the 

deviation from the P-Scores to the C-scores? Are these deviations the same for Qualifying 

as for Finals competitions, where the most highly qualified judges are judging? Are the 

deviations similar regardless of the ACRO routine level? 

To our knowledge, no study so far has answered these questions, hence there is 

a reliance on trust that the judgements in ACRO are at least as good as those in other 

sport modalities that have previously been studied. The objective of this investigation 

was to statistically assess the accuracy of visual judgment in Acrobatic gymnastics. This 

involved checking the reliability measures between performance scores given by randomly 

assigned judges (Execution/Artistic judges) and more expert judges (C-Scores) 

and the strength of agreement between the average Execution/Artistic Panel scores (E/ 

A P-scores) during Qualification and Final competitions performed at two major 

events. 

 

2. Method 
2.1. Participants 

This study used the execution and artistic scores of 848 ACRO routines, distributed as 

follows: 412 routines (339 at Qualification and 73 at Final competition) performed at 

the 10th European Age Group Competition (EAGC) and 416 routines (222 in 

Qualification and 214 in Final competitions) at the 29th European Acrobatic 

Gymnastics Championships (ECh) held in Holon (Israel). The scores were given by 

81 experienced international acrobatic gymnastics judges, allocated as follows: 44 for 

EAGC and 37 for ECh, with FIG international brevet. These judges were ranked from 

highest to lowest levels in Categories 1, 2, 3 and 4 respectively and were distributed in 

these 4 categories as follows: 3, 5, 25 and 11 for EAGC and 3, 13, 21 and 0 for ECh 

respectively. 

Before each competition, the judges were selected from a random draw for each role 

(Execution/Artistic) in one of two judging panels, with the same random opportunity to 

act in both roles at the end of the Qualification competition. The highest category of 

judges was given preference to score the gymnasts at the final competition. Category 4 

judges did not participate in the Final competition in EAGC or at the ECh event. The 



C-Scores were provided by the same six international acrobatic gymnastics judges 

(categories 1 and 2) for both events. 

 

2.2. Scoring variables 

Technical execution is related to the technical performance quality of an exercise. The 

execution score is given after deducting the technical mistakes as per the ACRO Code of 

Points (ACRO-COP) (FIG, 2017). Artistic merit relates to the choreographic structure 

and design of an exercise, together with the variety in the content, and must indicate how 

many actions appear in the whole exercise for each artistry category (partnership, 

expression, performance, creativity and musicality) to be counted towards the artistic 

score (Artistic-Score) (FIG, 2017). 

 

2.2.1. Technical and artistic individual scores 

Each Execution/Artistic judging Panel was considered as a unique measuring tool, 

where each one of the four Execution/Artistic scores constituted a single, individual 

and separate measure of the same competitive routine at the same time. For each 

competitive routine the individual technical or artistic scores were given by each 

individual judge. 

2.2.2. Technical and artistic panel scores 

The Execution or Artistic Panel Scores (E/A P-Score) were calculated by averaging 

the middle two scores, after eliminating the highest and the lowest ones (these were 

considered as outliers). Random selection of each of the four Execution and Artistic 

judging panels was taken into consideration, in which different judges from 

a limited pool carried out the scoring, rather than always having the same judges. 

In this context, test-retest reliability involves the variation in individual judges’ 

scores for the same subject (competitive routine) and conditions (same competition 

fl and environmental conditions). As an example, if judge 1 gives routine A a 

high score and so do judges 2, 3 and 4, there is a high reliability among the judges’ 

scores, and the same conclusion is valid for the four judges when awarding lower 

grades (Ponciano et al., 2018). In contrast, they may have judged in a different way 

for the same routine, and although the panel’s overall score could be correct (E/A 

P-scores), the inter-judge reliability could be poor. Then, the visual assessment that 

gives the Execution/Artistic marks is the tool that provides the E/A P-Score. 

 

2.2.3. Technical and artistic control scores 

Although most measurement processes are fallible and influenced by human interpretation 

factors, we assumed that the highest category (i.e. most expert) judges, 

who provide the Technical or Artistic Control Scores (E/A C-Score) represent 

a more reliable/accurate assessment, and therefore a gold standard score when 

they judge the same competitive routine, compared to lower category judges. 



Thus, a “gold standard score” was determined by the E/A C-Score, via averaging 

three E/A C-scores as follows: two expert judges’ scores (categories 1 or 2) from the 

Superior Jury plus the Chair Judge’s score of the judges’ panel (cat. 1). The 

acceptable range of difference between judges’ scores is established by the FIG 

ACRO-COP: it varies depending on the level of the competitive routine and is 

determined by the number of penalties awarded for technical and artistic errors, 

which count towards the maximum score. 

 

2.3. Data collection 

All the official Execution and Artistic scores were given confidentially by each judges’ 

panel and by each Superior Jury expert and were provided by SmartScoring, the 

European Gymnastics exclusive results service provider (Bakú, Azerbaiyán). 

 

2.4. Qualitative performance ranges 

Judges must exhibit greater consensus in scoring the strongest routines and this gradually 

decreases as the level of the routine decreases. The FIG ACRO-COP (FIG, 2019) 

appendix shows an example of the permitted deviation between reference judges’ scores 

in an international competition, as gold standard scores when compared with Execution/ 

Artistic judges’ Scores. The FIG’s allowed deviation between Execution/Artistic reference 

scores and Execution/Artistic scores is 0 points for scores between 9.400 and 10.000; 0.1 

points for scores between 8.900 and 9.399; 0.2 points for scores between 8.000 and 8.899; 

0.3 points for scores between 7.000 and 7.999, and 0.4 points for scores lower than 6.999. 

In order to define an acceptable judging process during a competition, the FIG allows 

differences that define the E/A P-scores within an acceptable tolerance when the scores 

aren’t identical. Although there will normally be differences between the E/A C-P Scores, 

it is interesting to know whether both consider the competitive routine within the same 

qualitative level’s performance categories. Therefore, we also analysed the concordance 

in qualitative level ranges as defined by their scores across different gymnastic routines 

performed as follows. The FIG classifies Execution/Artistic routines in six qualitative 

level groups, defined as Perfect, Excellent, Very Good, Good, Satisfactory and Poor, when 

the scores are 9.6 to 10; 9.0 to 9.599; 8.0 to 8.999; 7.0 to 7.999; 6.0 to 6.999 and 5.0 to 5.999 

respectively (FIG, 2017). 

However, this study aimed to provide more precise and practical information, 

especially when making a decision on fi and award-winning routines; therefore, 

we grouped routines into only fi Qualitative Performance Ranges, where the 

extremes were combined, and the central level was divided into two separate groups, 

defined as follows; Excellent, Very Good, Good, Satisfactory and Poor when the 

score was between 9 and 10; 8.5 and 8.999; 8.0 and 8.499; 7.5 and 7.999 and less 

than 7.5 respectively. 

 



2.5. Statistical analysis 

Standard statistical methods were used to calculate the means, standard deviations, and 

absolute and relative frequencies. The Kolmogorov-Smirnov and Levene tests were used 

to assess the normality and homogeneity of the distributions respectively; data were 

analysed using parametric or non-parametric tests according to the results. A Mann- 

Whitney test or unpaired t-test was used to evaluate the differences between the Control 

and Panel Qualification and Final scores respectively. The reliability between E/A 

C&P-scores was calculated using a one way-random, absolute agreement Intraclass 

Coefficient of Correlation (ICC), because each routine was rated by judges randomly 

selected from a larger population of judges. ICC values less than 0.5, between 0.5 and 

0.75, between 0.75 and 0.9, and greater than 0.90 are indicative of poor, moderate, good, 

and excellent reliability respectively (Koo & Li, 2016). Validity was assessed by comparing 

the concrete judging (E/A P-scores) with the gold standard score (E/A C-Score). 

Systematic over- or under-rating of scoring, also known as bias (Bučar et al., 2012) was 

also investigated as a further step in the analysis. The Execution/Artistic differences were 

computed as the differences between the two human scoring systems, which indicated 

bias, i.e. systematic under- or over-estimation of Execution/Artistic scores. These 

differences 

were defined as: E/A C-P bias = E/A C-Score – E/A P-scores. If the gold standard 

method (E/A C-Score) is sometimes higher, and sometimes the other method (E/A 

P-Score) is higher, the average of the differences will be close to zero. If it is not close 

to zero, this indicates that the two assay methods are systematically producing different 

results. Assuming that the E/A C-Scores, given by the highest category of judges, are 

accurate, the concordance value would show to what extent the scores assigned by the 

panel are correct. Bland-Altman plots (Bland & Almant, 1986) were used to assess and 

display agreement along the entire spectrum of scores and at each Qualitative 

Performance Range in Qualification and Final competition. Systematic C-P scores bias 

and the 95% limits of agreement (LoA = C-P scores bias ±1.96 SD) were calculated. Each 

Bland-Altman plot shows the limits of agreement (LoA), calculated by using the mean ±2 

standard deviations of the differences between the two E/A C-P scores. The difference of 

the two paired measurements is plotted against the mean of the same two measurements, 

and 95% of the data points should lie within ±2 standard deviations of the mean 

differences. The maximum FIG allowed deviation was included in the Bland-Altman 

plot, in order to assess the findings for clinical significance for each Qualitative 

Performance Range. 

Non-parametric methods such as Kaplan-Meier survival-agreement plots (Luiz et al., 

2003) and the Log Rank Test were used to evaluate the probability of a certain magnitude 

occurring in the differences between C-P scores bias data in the selected Qualitative 

Performance Ranges in competitions and events. The Kaplan-Meier plots provided 

a graphical approach as a complement to the Bland-Altman method and allowed 



a simple interpretation of agreement, taking into account the “clinical” importance of 

the inter-score differences. Kaplan-Meier plots allow analysis of reliability or agreement 

by means of survival analysis techniques (Luiz et al., 2003). On the Kaplan-Meier plot, the 

horizontal axis shows the absolute difference between two E/A C-P Score measurements 

for each routine and the vertical axis shows the proportion of cases in which the 

discrepancies equal at least each of the observed differences. The graph is thus constructed 

the same way as for a survival analysis, where the 0-difference values are 

removed, and the variable “time” is replaced by the absolute differences between the E/ 

A C-P Scores measurements. Significance was accepted at the P ≤ 0.05 level and all 

analyses were performed using SPSS software version 26.0 (IBM Corp., Armonk, 

NY, USA). 

 

3. Results 

More than 90% of all E/A P-scores were grouped into the three top Qualitative 

Performance Ranges (Excellent, Very Good and Good). This distribution reveals that 

a) both events had very high execution and artistic gymnastic routine levels; and b) the 

judges had a difficult task because they needed to be very accurate giving scores for a lot 

of similar routines, especially when ranking the finalist (Good and Very Good) and 

medallist (Excellent and Very Good) routines. Figure 1 shows that overall, the results 

suggest that the reliability of the judgement in ACRO ranged from good to excellent and 

the consistency values were satisfactory (Koo & Li, 2016). Intra-role analysis of judges’ 

performance showed no significant ICC differences between the 4 Execution or 4 Artistic 

judges’ E/A P-scores. Significant ICC differences were only found between Execution and 

Artistic C-Scores between events (p = 0.032 and 0.026 respectively), being significantly 

lower at EAGC. However, despite the C-scores showing higher reliability at the ECh, no 

significant differences were found between the percentage of FIG-allowed deviation 



between events or competitions, meaning that these differences did not have clinical 

relevance. The inter-role judge’s association showed no significant ICC differences 

between Execution and A P scores. Overall ICC values between the 4EJ-vs-4AJ- and 

the Execution vs Artistic-Control inter-competition scores were significantly lower for 

Artistic than for Execution scores (p = 0.019 and 0.002 respectively). However, significantly 

higher ICC differences were found between 4EJ-vs-4AJ in Qualification (p = 0.049) 

and between Execution Control-vs-Artistic-Control in Final competition (p = 0.027). 

Finally, at the ECh event, slightly lower values were found for Control-vs-Judges Artistic 

scores agreement, suggesting a significantly lower agreement between Control and 

Artistic judges’ scores at Qualification competitions (p = 0.023). 

 
Figure 2. Concordance between Control and Panel scores. Bland-Altman scatter diagrams represent 

each individual E/A C-P scores bias, the average C-P scores bias (bold continuous central line), value 

of 

the full range of Limits of Agreement at 95% (LoA) (upper and lower continuous lines), the amplitude 

where the C-P scores biases are within the FIG-allowed deviation (convergent dashed lines). In 

addition, placed on the left at the centre, the top and the bottom of each graph, are the percentages 

within, above and below the FIG deviation allowed at each level of performance, respectively. The 

total number of units are represented under each labelled event according to the competition. The 

grey columns represent the edges of the Qualitative Performance Ranges described as Excellent (E), 

Very Good (VG), Good (GO), Satisfactory (S) and Poor (PO) routines. Significant differences p < 0.05 

⇨ 

inter-competition and ⇩ inter-events for E/A C-P scores bias, LoA, Mean Range and above/within/ 

below intervals; p < 0.05 ⇅ inter-event and inter-competition above-vs-below non-allowed deviation 

proportion; p < 0.05 * E/A C-P scores bias different from zero. 

The results showed that C&P-scores were highly correlated for Technical and 

Artistic merit scores during both events and competitions. The values ranged from 

0.862 to 0.915 for Execution scores and from 0.864 to 0.899 for Artistic scores and no 

significant differences were found between C-P scores, according to role or competition. 

Judges’ work was evaluated according to their closeness to the C-scores (given by 



the SJ) in order to know whether the E/A P-Score was a “correct” score. In this context, 

the P-Scores are compared with the C-scores, assumed to be measures of concurrent 

validity, because they deal with correlation of the judges’ panel scores (P-scores) with 

a measurement defined as a “gold standard” criterion, determined by the C-Scores and 

provided by experts in the field (Figure 2). Repeated inter-judge differences of 0.1 or 0.2 

points when judging small mistakes in different skills of a same routine could logically 

generate major differences in total deductions between C-P Scores, more frequently on 

the weakest routines and those with a high number of elements. In these circumstances, 

clinically, bigger differences are less relevant. The absolute average of the C-P scores 

differences was close to zero, except for Execution scores in Qualification at EAGC and 

for Artistic scores in Qualification and Final at ECh. The mean absolute range for 

C-P scores bias was 0.43 ± 0.03 and 0.35 ± 0.02 for Qualification and Final respectively. 

The LoA differences at 95% lay in an amplitude range of 0.76 ± 0.03 and 0.77 ± 0.06 for 

Execution and Artistic scores bias in Qualification respectively and were significantly 

reduced to almost the same values of 0.63 ± 0.08 and 0.63 ± 0.03 in the Finals for 

Execution and Artistic scores respectively. In the EAGC event, there was a significantly 

wider Execution C-P scores bias only in Qualifications. However, C-P differences, 

absolute mean range and LoA amplitude for Execution scores were significantly 

reduced in Final competitions. No significant differences were found regarding the 

Artistic scores. The C-P scores bias was significantly lower for Execution scores and 

higher for Artistic scores during the ECh event compared to the EAGC. The absolute 

mean range and LoA amplitude were also significantly reduced during the Final 

competitions for both roles, being statistically significant for Artistic scores. Overall, 

~70% of the C-P scores bias was within the FIG permitted tolerance, although values 

were significantly higher for Execution scores during ECh. The distribution of the 

C-P scores bias differences above-vs-below the allowed deviation show inter-event 

differences for Execution and Artistic roles, being more homogeneous for the 

Execution role and less for the Artistic role at the ECh. 

Figure 3 provides information about non-allowed deviations between E/A C-P scores 

as distributed in the top 3 routine levels between competitions (Figure 3A) and events 

(Figure 3B), may have practical significance. At first glance, most of the curves overlap 

and have similar slopes, which suggests that in most cases, there is concordance between 

C&P-scores. On average, the absolute E/A C-P scores bias distribution indicated that 

agreement within the allowed deviation at each Qualitative Performance Range for the 

given Execution and Artistic scores was achieved more than 80% of the time, with 

a difference of at least 0.2 for Excellent and Very Good routines and 0.3 points for 

Good routines, representing close agreement, especially in Final competitions. This study 

did not find any difference regarding technical merit for any events when checking 

whether the competition generated a higher gap between Execution/Artistic C&Pscores 



agreement according to the Qualitative Performance Range. However, it 

highlighted differences for Excellent routines in the EAGC event (p < 0.007) with regard 

to artistic merit. These differences showed that despite the degree of agreement expressed 

in Qualification competition (which was generally acceptable), the agreement in Finals 

was practically perfect. The agreement in Artistic merit was significantly lower in the ECh 

event for Excellent (p = 0.033) and Good (p = 0.020) routines in Final and Qualification 

competitions respectively. Finally, when comparing the number of routines with the 

absolute discordance of non-allowed deviation, the analysis showed higher numbers at 

the EAGC than at the ECh. Wider differences were also noticed for Excellent (28%-vs 

-19% and 17%-vs-9% at Qualification and Finals respectively), Very Good (22%-vs-16%) 

and Good (43%-vs-23%) in Qualification routines. 

 

4. Discussion 

The purpose of this study was to check the validity and reliability measures between 

performance scores given by random judges (Execution/Artistic scores) and more expert 

judges (C-Scores) and the concordance between the middle Execution/Artistic scores (E/ 

A-P-scores) during Qualification and Final competitions in acrobatics routines performed 

at two major events. 

The judge’s task in gymnastics is to watch a very brief succession of elements and make 

an assessment based upon their visual perception of them. Reliability between gymnastics 

judges means stability, predictability, or consistency in a set of scores, which may have 



 

 
Figure 3. Proportion of discordance about absolute differences between Execution and Artistic Control 

and Panel (C-P) scores between competitions for each event (A) and between events for competition 

(B), for Excellent (E), Very Good (VG) and Good (GO) routines. A: Thin and Bold lines represent 

Qualification and Final competitions respectively; B: Thin and Bold lines represent EAGC and ECh 

events respectively. Shaded area represents the absolute acceptable limit for each selected 

Qualitative 

Performance Range. The p value for significant differences is shown on the graph. 

variability and fluctuations in measurements of the same subject under identical conditions. 

The inter-rater reliability or objectivity is defined as achieving the same results 

from different persons who evaluate the same performance (Bučar et al., 2012). For any 

gymnastics event, any random combination of international judges forming a judging 



panel must show an acceptable reliability index with respect to the score given in 

a routine, applying identical measurement criteria, based on the ACRO-COP rules. In 

this case, 90% of all E/A P-scores were grouped into the three top Qualitative 

Performance Ranges: Excellent, Very Good and Good. It is difficult to achieve strong 

agreement and thus the same ranking between judges, because the judges’ scores must be 

very accurate and consistent. 

 

4.1. Reliability 

The ICC values obtained in the ranges from good to excellent, and the consistency values, 

were satisfactory (Figure 1). Despite the overall high consistency, higher and stable ICCs 

for Execution scores were found in the ECh compared with the EAGC. In addition, the 

judge’s reliability values varied according to whether they took an Execution or Artistic 

judging role. Judging the technical merit of performances was shown to be significantly 

more reliable than artistic merit, which could be explained partially as the result of more 

detailed criteria for technical merit, similar to other artistic and aesthetic sports (Premelč 

et al., 2019). In addition, observers may be judging the beauty of artistry using semantically 

different conceptions or making strong associations between higher beauty scores 

and certain kinematic parameters, especially those related to amplitude of movement 

(Torrents et al., 2013). Understanding others’ actions depends on the observer’s individual 

characteristics and sensorimotor experience, and only years of sports training can 

predict perceptual identification accuracy (Sevdalis & Raab, 2016). Some judges may 

evaluate artistry through cognitive judgement or affective appreciation of choreography 

movements, while others may include their own familiarity and physical abilities in their 

aesthetic appreciation (Leder et al., 2004; Neave et al., 2011; Torrents et al., 2013). This 

suggests that cognitive judgements are related to motor, visual, and judging experience 

and that judges should either specialise early in officiating, or gather visuo-motor 

experience as an athlete or spectator first, and then switch roles to become a sports 

official (Heinen et al., 2012; Pizzera et al., 2018; Pizzera & Raab, 2012). Finally, no 

significant ICC differences between event or competitions were shown in 4EJ- and 

4AJscores. 

It should be noted that category 4 judges are only allowed to judge Qualification 

competitions at the EAGC. Despite small differences and a slight decrease in Artistic 

scores consistency, the ICC values suggest at least one relative standard of good and 

excellent reliability between scores, which suggests that the evaluation system can be 

considered acceptable, although it can always be improved and made more accurate. The 

ICC values obtained were similar to or higher than those previously measured in 

rhythmic gymnastics (Leskošek et al., 2018), particularly compared to the second part 

of the ranking on all apparatuses (Leandro et al., 2017), in women’s artistic gymnastics 

(Bradshaw et al., 2009; Bučar et al., 2012; Mack et al., 2019), and for men’s artistic 

gymnastics (Leskoŝek et al., 2012; Pajek et al., 2010), trampoline (Leskošek et al., 2018) 



and DanceSport (Premelč et al., 2019). The ICCs in previous research refer to the 

reliability of individual apparatus scores. For artistic gymnastics, the highest bias was 

found in the floor exercises and it seems this finding is associated with the number of 

elements usually found in the same event, which is the longest of all gymnastic exercise 

routines (Leskoŝek et al., 2012). Unlike previous gymnastics sports, this study refers to 

the findings for both collective and individual acrobatic gymnastic routines performance, 

making it harder to achieve higher ICC values. The ACRO judges must apply penalties 

while following the performance of two, three or four gymnasts at the same time, who may 

perform different individual skill and choreographic elements separately from time 

to time. 

 

4.2. Strength of agreement 

The concordance between C&P-scores showed that the average differences between 

methods (E/A C-P scores) didn’t always show the same consistency, with a decrease in 

bias as the average score increased (Figure 2). In general, for each role, competition and 

event, the absolute average of the differences was close to zero (zero deviation from the 

reference score). This could indicate that the two methods are systematically producing 

the same results. Overall, the mean absolute range for C-P scores bias was similar to 

that obtained for Execution scores in Artistic Gymnastics (Mercier & Klahn, 2017; 

Pajek et al., 2010) and Rhythmic Gymnastics (Leandro et al., 2017). However, the LoA 

differences lie in a slightly wider but fairly homogeneous average amplitude range that 

was reduced in Final competitions. These LoA ranges could be considered slightly wide 

and possibly large enough to be of practical importance in some cases, especially during 

Finals, where these differences could generate some disagreement between experts and 

judges and influence the final rankings of the medallists. No previous research comparing 

control-vs-panel scores was found. However, according to previous research on 

real-time judging in gymnastics or related sports where the level of agreement was 

evaluated, the ~70% concordance with only 2 scores seems acceptable. A recent study 

provided information about the precision of visual real-time difficulty judging in 

rhythmic gymnastics (Leandro et al., 2015); the authors reported the inter-judge 

agreement percentage evaluated over several difficulty forms was 60%. Premelč et al. 

(2019) suggested a low agreement amongst judges for the overall marks (Kendall’s 

coefficient W = 0,58) in DanceSport, especially for the artistic part in terms of 

Partnering skills (W = 0.45) and Choreography and Performance (W = 0.49) as 

compared to technical qualities (W = 0.56) and Movement versus music (W = 0.54). 

However, the scores on the threshold of non-allowed deviation (~30%) were distributed 

differently according to the role, competition and event, showing judges’ tendency to 

under-estimate the technical merit in the EAGC and over-estimate the artistic merit at 

the ECh. Analysing the distribution of the C-P scores bias differences above-vs-below 

the allowed deviation gives a better idea of judging at the higher level (ECh). It 



appeared that routines always received a higher minimum mark, since the judges 

were reluctant to give very high Execution scores in age group categories (EAGC), 

since P-scores were higher than C-scores. In contrast, the higher-level event showed 

higher Artistic scores than the age-group events. In general, the competitors are more 

prepared and have more experience in these categories, so theoretically they can give 

better technical performances and artistic compositions than the younger and less 

experienced competitors. It therefore appears that judges have fewer reservations 

about giving low Execution scores in Finals in the EAGC and they gave the highest 

Artistic scores in Finals at the EAGC and in general at the ECh. These biases are often 

unconscious and unintentional. Some judges are simply better than others (Mercier & 

Klahn, 2017) or use their personal experiences to inform their assessments (Pizzera, 

2012). On other occasions the outcomes may be related to having less experienced 

judges or athletes (Findlay & Ste-Marie, 2004; Pizzera, 2012), or judges’ objectivity 

being compromised by memory biases (Ste-Marie, 2003). It could also be suggested that 

the subjectivity in rating is also biased towards athletes with high reputations (Findlay 

& Ste-Marie, 2004). Inexperienced judges may be afraid of giving high marks, especially 

with Execution routines, thinking that it could indicate an inability to detect errors and 

properly assess the routines, and that they might receive a formal warning for this. 

Nevertheless, the magnitude of these non-allowed deviations between E/A C-P scores 

may be differently distributed according to the level of routine. When these differences in 

disagreement relate to low-level routines (Good or lower standard) they have less clinical 

importance than if they are related to high-level routines (Excellent or Very Good), since 

these could affect the final rankings or medallists (Figure 3). Most of these differences 

represent very acceptable differences for each Qualitative Performance Range from the 

clinical standpoint. The analysis found a significantly lower agreement in artistic merit 

scores for Excellent routines in Qualification vs Final competitions at EAGC (Figure 3A). 

Similarly, also for Artistic scores, a significantly lower agreement was found for ECh 

compared with EAGC for Excellent and Good routines for Final and Qualification 

competitions respectively (Figure 3B). However, no significant differences were found 

when comparing the agreement values for technical merit between competitions and 

events in any routine levels. Nonetheless, a greater number of routines with non-allowed 

deviation could suggest that the greatest differences between the absolute C- P scores 

bias, which underestimated the technical merit in a small group of competitors, were 

distributed evenly among the three Qualitative Performance Ranges evaluated at the 

EAGC. Overall, most of this non-allowed deviation seem to have under-estimated 

technical merit and over-estimated artistic merit (especially in Excellent and Good 

routines) at EAGC and ECh events respectively. 

Overall, we suggest that, apart from Artistic scores in the Excellent routines at the 

EAGC and the Excellent and Good routines in Final and Qualification competitions 



respectively, the disagreement between C-P scores in most of the routines was practically 

independent of the competition type or event. However, the differences between the 

performances are so small that slight but consistent mistakes made by the judges may 

interfere in the final ranking of the gymnasts (Pajek et al., 2013). 

The Final scores were found to be not only the most unbiased, but also to have the 

greatest strength of agreement. These differences suggest that the higher judges’ categories 

in Finals and at the ECh compared with the EAGC could result in greater 

agreement in these situations. When comparing novice and expert gymnastics judges, 

the expert judges exhibited significantly greater depth and breadth in their declarative 

knowledge base. They were significantly better at perceptually anticipating upcoming 

gymnastic elements from advance information. When they correctly anticipated, they 

judged more accurately, which suggests that experienced judges interpret the biomechanical 

information of the athlete’s body better, and thus need to focus their attention less 

on the performance (Abernethy et al., 1997; Flessas et al., 2014; Ste-Marie, 1999). 

However, no significant reliability differences between judges’ scores were found between 

Qualification and Final competitions in Execution/Artistic absolute C-P scores bias. 

Therefore, we cannot assert that the greater trend towards agreement at the finals is 

clearly caused by more highly trained and experienced judges. Similar findings were seen 

in Artistic Gymnastics, when the reference judges were hand-picked by the FIG, giving 

more power to their scores in relation to the execution judges panel, but in all instances 

the reference judges were statistically indistinguishable from the execution panel judges 

(Mercier & Klahn, 2017). 

The lack of statistical significance between the E/A C-P scores bias is positive with 

respect to the defined validity of the scores (which does not mean that they are true 

scores) and their beneficial effect when establishing a classification or a podium placing. 

Given the few occasions where there was a significant E/A C-P scores bias, we suggest 

there is enough stability in the methods used to establishing the ranking of the routines. 

This study has some limitations that should be recognised. Only the sum of deductions 

is presented in each individual judge’s score, and it is not known at what point in time 

each deduction took place. It would be of great value if the judges’ Execution scores could 

also be evaluated according to the deduction made and when it was made during the 

performance (Dallas & Kirialanis, 2010; Pajek et al., 2010). In addition, it would also be 

valuable to separately analyse each artistry category. Further research shouldalso analyse 

reliability and validity according to categories, modalities and the exercise separately. 

These analyses could provide more specific information about the intrinsic and specific 

nature of earned reliability. Due to the limitation of data to two events, this investigation 

may be regarded as a pilot study. 

 

5. Conclusion 

This study can be considered as a pioneer in assessing the reliability and the strength of 



agreement of real-time judging in ACRO. The reliability and the strength of agreement of 

judging were satisfactory. The inter-rater reliability was considered as good and excellent. 

A small and systematic under- or over-rating was found for execution and artistic scores 

at the EAGC and ECh respectively. Further research is needed to compare categories, 

modalities and exercises, providing more specific information about judges’ reliability 

and strength of agreement. We suggest that judging reliability should be regularly 

examined to improve and to optimise technical and artistic evaluations made by the 

governing body, FIG, for fairer competition. 
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