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The purpose of this study was to explore how Chinese Football Super League (CSL) referees’ physical performance and decision-making distance varied according to match type and match halves. Data from 107 matches played by top-4 ranked and bottom-4 ranked teams during 2018–2019 CSL seasons were collected. Level of matches was classified into three groups: (a) upper-ranked (top-4) teams against top-4 teams, (b) top-4 teams against lower-ranked teams (bottom-4), and (c) bottom-4 teams against bottom-4 teams. Two-way ANOVA and Scheirer-Ray-Hare test were used to examine the statistical differences of referees’ physical and spatial related distance variables among different match levels and halves. The Euclidean distance to the ball at the following three variables were statistically different among three match types: clearance (p = 0.03, [image: image] = 0.03), running with the ball (p = 0.01, [image: image] = 0.04), and shot off target (p = 0.04, [image: image] = 0.03). In addition, referees’ distance to the ball at three events were statistically different between both match halves: pass (p < 0.001, r = 0.69), reception (p < 0.001, r = 0.76), and running with the ball (p < 0.001, r = 0.77). The total running distance was statistically different between both match halves (p = 0.001, d = 0.05). The findings indicated that although CSL referees showed little difference in physical performance when officiating matches of three competitive levels and two halves, distinct rhythms of competitions determined that they needed to adjust running strategies to maintain proper distance to the ball. This study implied that the CSL referees’ match performance was affected by the teams’ style of play and match status.
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INTRODUCTION

Football is a team sport mediated by the referees to ensure that players perform under the rules (Hossner et al., 2019; Raab et al., 2020). Helsen and Bultynck (2004) observed that the average number of decision-making for referees was 137 per match in 31 professional male football matches. However, they found that almost 25% of these decisions were incorrect. One of the possible reasons for such phenomenon is that not all the referees executed properly and accurately their jobs within a match (Gulec and Yilmaz, 2016). Consequently, improving the ability to apply the rules during the game is significant for football referees to execute correct decision-making. Another potential reason is related to the referees’ physical preparedness. In order to observe the on-going behaviors of players and execute the rules of a match from a relatively suitable distance and angle, referees must keep appropriate distance to the players and ball and also move quickly and constantly from one area of the football field to another (Ghasemi et al., 2009; Castagna et al., 2013; Gonçalves et al., 2021).

In order to make a more proper decision under the high pressure of a match, referees are required to keep up with the match and to be physically prepared (Slack et al., 2013; Weston, 2015; Joo and Jee, 2019). Although Barbero-Álvarez et al. (2012) found that there was not any difference observed for high-intensity actions between halves for American officials during the 2007 Copa America cup, Castillo et al. (2015) found that the football referees’ physical performance was related to match fatigue and various levels of exercise intensity may cause different degrees of match fatigue to the same person. In particular, lower-ranked teams covered less distance with high-intensity accelerations, while higher-ranked teams covered more distance at high-intensity activities when in possession (Rampinini et al., 2007).

Because of the high level of interactions with players, football officials need outstanding decision-making skills (Schnyder and Hossner, 2016). The best position is one from which the referee can make the correct decision (IFAB, 2020/2021). A longer distance of the referees’ decision-making will increase the risk of missing vital information that should be used as the basis for making a correct decision (Johansen and Erikstad, 2021). Although Johansen and Erikstad (2021) found that referees may take more proper decisions in distances below 10 m than longer distances. A closer decision-making distance may affect the players’ performance and the trajectory of the ball. Hossner et al. (2019) revealed that the referees’ decision-making had been affected by the decision-making position during the FIFA World Cup 2014. Gonçalves et al. (2021) found that the referees maintained a distance of 0–18 m to the ball location in the observed European leagues such as the English Premier League, German Bundesliga, and the Spanish La Liga. Oliveira et al. (2011) found that no significant association was found between the Brazilian referee’s distance from a foul play and the accuracy of the decision-making. However, Mallo et al. (2012) found that the percentage of wrong decision-making of referees would be reduced at a distance of 11–15 m during the 2009 FIFA Confederations Cup.

The previous studies have demonstrated that competition level has an influence on the referees’ physical performance or the performance of the decision-making distance in the top European leagues (Castillo et al., 2018), but little is known about how the Asian referees behave during matches, given that Asian referees are making more international appearance, such as officiating the World Cup and the Asian Cup matches (Tribune, 2018). Furthermore, previous researches have focused on the general decision-making distance of referees instead of different kind of decision-making performance (Hossner et al., 2019). Therefore, it would be essential to understand their physical and different kind of decision-making performance in a football league such as CSL that is less developed and has a slower match rhythm (Zhou et al., 2019), so as to assess their ability and also to determine the milestones for improvement. In light of the abovementioned rationale, this study aimed toward two aspects: (i) to investigate the relationship between the referees’ match performance and the match type; and (ii) to explore the effect of different match halves on the referees’ match performance. The hypothesis was that the CSL referees’ physical performance and decision-making distance would be affected by different match types and match halves. It was expected that the results of the current research would provide useful feedback for refining physical test programs of the CSL referees and help with maintaining proper decision-making distance during on-going behaviors.



MATERIALS AND METHODS


Sample and Data

Data related to the referees’ physical performance and spatial information during 107 CSL matches from 2018 (n = 55) and 2019 (n = 52) seasons were generated through an optical tracking system by Amisco, whose accuracy, validity, and reliability have been confirmed by previous studies (Randers et al., 2010; Castellano et al., 2014). All 107 matches were completed by the top-4 and bottom-4 teams (teams’ ranking was according to their end-of-season rankings). The number of matches for each team is as follows: top-4 (Shanghai SIPG: 13; Guangzhou Evergrande Taobao: 14; Shandong Luneng Taishan: 7; Beijing Sinobo Guoan: 14; Jiangsu Suning: 7), bottom-4 (Chongqing SWM: 7; Tianjin Teda: 7; Changchun Yatai: 7; Guizhou Hengfeng FC: 7; Tianjin Tianhai: 6; Shenzhen FC: 6; Beijing Renhe: 7; Shanghai Greenland Shenhua: 5).



Physical and Events-Related Variables

A total of 27 performance indicators (see Table 1) related to the referee’s physical performance and distance to the ball (Castillo et al., 2016; Carvalho et al., 2020; Zhou et al., 2020) within different game events were extracted from the original data. All the decision-making distance-related metrics are awarded in meters. The speed thresholds of physical indicators were defined as: fast speed running (17–21 km/h), high speed running (21–24 km/h), and sprint (24 km/h, +∞), which was provided by Amisco (Randers et al., 2010; Filetti, 2016; Gong et al., 2021). And the sample size related to referees’ decision-making distance are as follows: pass (91,607 observations); goal (358); shot on target (1,089); shot off-target (1,753); reception (64,269); clearance (5,702); direct foul (3,187); out for goal kick (1,765); out for corner (1,122); running with ball (59,714); cross (4,726); foul penalty (37); and offside (449).


TABLE 1. Referees match performance indicators and definitions.
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Match Type

Types of matches were classified into the following three groups according to teams’ end-of-season rankings: (i) upper-ranked (top-4) teams facing upper-ranked oppositions; (ii) Top-4 teams facing lower-ranked (bottom-4) teams; and (iii) bottom-4 teams facing lower-ranked teams.



Statistical Analyses

The assumption of data normality was checked the for all variables using the Kolmogorov–Smirnov test (p > 0.05). Subsequently, a two-way ANOVA (Finch, 2005) and the Scheirer-Ray-Hare test (Scheirer et al., 1976; Toothaker and Chang, 1980) were used to examine the statistical differences of the referees’ physical performance among different match types (match contexts) and match halves (p < 0.05), with the significance level adjusted following a Scheffe post-hoc test and post-hoc Mann-Whitney U test (Armstrong and Hilton, 2014; MacFarland and Yates, 2016). The effect size estimations for the ANOVA and Scheirer-Ray-Hare tests were computed using partial eta square ([image: image], thresholds of magnitude: small, <0.01; medium, 0.01–0.06; large, 0.06–0.14) and epsilon-squared ([image: image], thresholds of magnitude: negligible, <0.01; weak, 0.01–0.04; moderate, 0.04–0.16; relatively, 0.16–0.36; strong, 0.36–0.64), respectively (Louis and Parker, 2005; Lakens, 2013; Tomczak and Tomczak, 2014). In addition, the effect size estimations for the Scheffe post-hoc tests and post-hoc Mann-Whitney U tests were computed using Cohen’s d (d, thresholds of magnitude: trivial, <0.2; small, 0.2–0.6; moderate, 0.6–1.20; large, 1.2–2.0; and very large, >2.0) and the value of the correlation coefficient (r, thresholds of magnitude: negligible, <0.1; weak, 0.1–0.39; moderate, 0.39–0.69; strong, 0.69–0.89; and very strong, >1.00) (Hopkins et al., 2009; Schober et al., 2018). The r is calculated using the following equation (Tomczak and Tomczak, 2014):
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where Z standardized value for the U-value, n is the total number of observations.

After the statistical analysis, to verify whether the referees’ match performance was related to the goals scored in both halves, a density distribution of match goal time for each half was presented and a Chi-square test was used for the number of goals during the first half and the second half of the CSL to help further clarify the difference in match goal timeline for the CSL teams between the first half and the second half. Effect sizes of the tests were calculated using the Cramer’s V and their interpretation was based on the following criteria: <0.10, small; 0.10–0.30, medium; and 0.30–0.50, and large (Volker, 2006). All the analyses were done using Python 3.7.




RESULTS

The descriptive statistics of all performance indicators and the results of the interaction between match type and match halves were shown in Tables 2, 3. The Supplementary Tables 1–4 shows the specific results of two main effects. No statistical difference was identified in the interaction between match type and match halves. The two-way ANOVA showed that only total running distance was statistically different between different match halves (p < 0.01, d = 0.05). There are three indicators (clearance: p = 0.03, [image: image] = 0.03; running with ball: p = 0.01, [image: image] = 0.04; and shot off target: p = 0.04, [image: image] = 0.03) statistically different among different match contexts, as shown by the Scheirer-Ray-Hare test. While pass (p < 0.01, r = 0.69), reception (p < 0.01, r = 0.76), and running with ball (p < 0.01, r = 0.77) were statistically different between the first and the second half.


TABLE 2. Results of two-way ANOVA between match type and a half period.
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TABLE 3. Results of Scheirer-Ray-Hare test between match type and a half period.
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Figure 1 shows the distribution of the indicators with statistical difference on different main effect. The CSL referees kept a closer distance during the low vs. high matches when events were players running with the ball (17.76 ± 7.77 m) and shot off-target (12.00 ± 5.35 m). While officiating the low vs. low teams matches, they maintained a closer distance when the event was clearance among three-match levels (15.91 ± 5.35 m). They also kept a closer distance to the ball in the second half when the event was a pass (18.71 ± 9.06 m), the player running with the ball (17.48 ± 7.73 m), and reception (19.25 ± 8.49 m). After the post-hoc test for different match levels, the results showed that referees’ distance to clearance (p = 0.045, r = 0.13) was statistically higher while referring top-4 vs. top-4 teams matches (16.55 ± 6.14 m) than top-4 vs. bottom-4 teams matches (16.07 ± 6.13 m). The distance to a player running with the ball (p = 0.01, r = 0.01) was statistically lower when officiating top-4 vs. bottom-4 teams matches (17.76 ± 7.77 m) than bottom-4 vs. bottom-4 teams matches (18.03 ± 7.77 m), and also shot off-target (p = 0.03, r = 0.06, top-4 vs. bottom-4 teams matches (12.00 ± 5.35 m), and bottom-4 vs. bottom-4 teams matches (12.87 ± 5.35 m).
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FIGURE 1. Referees’ decision-making distance (m) within different game events. Violin plots showing the distribution of the computed variables based on match levels and match periods. These violin plots combine box plots indicating first and third quartiles and vertical lines 10th and 90th percentiles. Referees’ decision-making distance for match type (top row) and match period (bottom row).


Figure 2A shows the density distribution of referees running distance for each half. More than 80% of CSL referees’ running distance in one half is between 2,800 and 3,700 m. The values of total running distance sightly increased from the first half to the second half (p = 0.001, d = 0.048). The density distribution of match goal time for each half can be seen in Figure 2B. Compared to the goal time line in the first half, more goals happened during the 10–30 min of the second half (χ2 = 0.11, p = 0.74, and Cramer’s V = 0.02). Overall, more goals were scored in the second half (n = 197) than during the first half (n = 161).


[image: image]

FIGURE 2. Density distribution of referees’ running distance (A) and goal time (B) during each half of the match.




DISCUSSION

This is the first study exploring referees’ physical performance and decision-making distance considering the match type and match halves during the CSL. The main findings showed that both factors did not interact with the effects of referees’ match performance. However, the CSL referees ran more and kept a closer decision-making distance during the second half. In addition, they kept a closer decision-making distance during events of shot off target and player running with the ball when refereeing high-ranked teams against low-ranked teams, and during events of clearance when refereeing low-ranked teams vs. high-ranked teams. No interaction was found in the physical indicators and decision-making distance among different match types and halves, which implied that the CSL referees kept the same decision-making level no matter in different match contexts or in different match halves. However, the results of the main effect for match type and match halves confirmed the hypothesis that the CSL referees’ physical performance and decision-making distance would be affected by different match types and match halves.

Referees kept a closer distance while refereeing the low-ranked teams against the high-ranked teams when events were players running with the ball and shot off target. Such findings may reveal that the referees’ performance was affected by the teams’ style of play, as well as their competitive levels, which is in accordance with the findings of Stolen et al. (2005). On the one hand, referee bias in favor of successful teams (Erikstad and Johansen, 2020) (which is likely to be the higher-ranked teams) would cause the different decision-making distance when referees meditated the high-ranked teams vs. low-ranked teams. On the other hand, a recent study pointed out that weak teams play more quick counterattacks and top teams are adopted a possession style of play (Gómez et al., 2018). Then, to anticipate the play and achieve the best position to keep up with the match pace (Raab et al., 2020), referees logically adopt a different decision-making distance when events were players running with the ball and shot off target. Compared with the stronger opponents, low-ranked teams were shown to underperform during established defense (Gollan et al., 2018) and maintain the lower percentage of ball possession, which in turn provides their opponents a better chance to attack the goal. Therefore, to create a better angle to move at the same pace as match-play, referees maintained a closer distance to the low-ranked teams against high-ranked teams when the event was a clearance.

A closer synchronized distance and more running distance in the second half were performed by the CSL referees, which is not in line with Mallo et al. (2009) and Weston et al. (2011a) in their analysis of English Football Association Premier League referees. The result possibly implies that the referees’ match performance was influenced by different half periods and the familiarity with the confronting teams. A possible explanation could be the influence of the players’ performance on that of referees (Weston et al., 2008, 2011b). Previous studies found that winning status induced a greater total distance in elite football players (Moalla et al., 2017), and such phenomenon will further differentiate the referees’ physical performance between match periods (Weston et al., 2008, 2011b). The current research found that more goals were scored in the second half of the CSL. In order to recognize ongoing competitive behaviors, referees meditated a closer synchronized distance to the ball, which might increase their running distance in the second half. On the other hand, their performance was also influenced by tactical-technical behaviors (USSF, 2018), as the current findings clearly pointed out that the CSL referees’ running distance would be susceptible to critical events such as goals and reception. Hence, referees need to be adapted to changes in the players and team tactics.

In a word, the match type and match period had affected the CSL referees’ match performance, which was evidenced by the referees’ increased running distance in the second half and different decision-making distance under three match types. The match period was an important factor that affected the referees’ match performance, and a closer distance to the ball within various match events and more total running distance in the second half would make referee become more synchronized with a match. Therefore, in order to meditate behaviors of players from a better angle and stay in an area where they are required to stay highly attentive (IFAB, 2020/2021), referees should choose a different running strategy to drop in the right place at the right time. Meanwhile, fitness is a key factor for referees being able to get the right place, and the positioning is the second deciding whether they reach the right place (USSF, 2018). They jointly decide on a good decision-making distance and angle. Therefore, in order to move to the next phase of play and create the best angle of vision, the referees should learn to anticipate the play and integrate the cognitive practice into their fitness training (Gulec and Yilmaz, 2016).

Although the study has provided empirical evidence related to the referees’ physical and decision-making performance under different match types and halves, there are several limitations needed to be acknowledged. First of all, a subjective classification of match type had been adopted in this study. However, a team’s end-of-season ranking only partially represents its real strength (Li et al., 2020), so that such classification omit those middle-ranked teams that were either as competent as high-ranked teams, or as underperformed as low-ranked teams. Second, as football match performance is usually influenced by other contextual factors such as match location and match score-line (Black et al., 2019), the failure to consider them would limit the interpretation of the current findings. Furthermore, the spatial–temporal relationships between referees and players, and their relative angle with match events are important aspects the study was unable to include, so that future research is suggested to extend the current study design, integrating more performance constraints.



CONCLUSION

Although CSL referees showed little difference in physical performance when officiating three types of matches as well as two match halves, distinct ranks of teams determined that they need to adjust running strategies so as to maintain proper distance to the ball. In order to adjust better decision-making distance in matches, they also need to change their running strategies in different half periods. As for the practical applications, while preparing for the upcoming match, referees should take the initiative to understand the playing styles of the involved teams so as to know what kind of match is expected to happen and also the corresponding actions they particularly need to take; meanwhile, the decision-making distance in this study could be used as an important reference for novice and sub-elite referees when training and officiating.



DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to the corresponding author.



AUTHOR CONTRIBUTIONS

All co-authors equally contributed to the manuscript. JJ designed the experiments and wrote the draft of the manuscript. LD and BG collected and provided the raw data. HG and M-AG provided part of the manuscript revision and contributed to the final draft. YC contributed to the introduction, rationale, and discussion of the main findings, supervised the final draft of the document and revision process, and provided the funding for the study. All authors approved the submitted version.



FUNDING

This work was supported in part by the National Key Research and Development Program of China under grant 2020AAA0103404 and by National Natural Science Foundation of China under grants 72071018 and 72101032. YC was supported by the Fundamental Research Funds for the Central Universities of China (2021TD008).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyg.2022.864957/full#supplementary-material



REFERENCES

Armstrong, R. A., and Hilton, A. C. (2014). Statistical Analysis in Microbiology: Statnotes. Hoboken, NJ: Wiley Blackwell.

Barbero-Álvarez, J., Boullosa, D., Nakamura, F., Andrín, G., and Castagna, C. (2012). Physical and physiological demands of field and assistant soccer referees during America’s cup. J. Strength Cond. Res. 26, 1383–1388. doi: 10.1519/JSC.0b013e31825183c5

Black, G. M., Gabbett, T. J., Naughton, G., Cole, M. H., Johnston, R. D., and Dawson, B. (2019). The influence of contextual factors on running performance in female Australian football match-play. J. Strength Cond. Res. 33, 2488–2495. doi: 10.1519/JSC.0000000000002142

Carvalho, V., Esteves, P., Nunes, C., Araujo, D., Helsen, W. F., and Travassos, B. (2020). Observe and make a call: football referee’s assessment is context sensitive. Int. J. Perform. Anal. Sport 20, 1–12.

Castagna, C., Abt, G., and Dottavio, S. (2013). Physiological aspects of soccer refereeing performance and training. Sports Med. 37, 625–646. doi: 10.2165/00007256-200737070-00006

Castellano, J., Alvarez-Pastor, D., and Bradley, P. (2014). Evaluation of research using computerised tracking systems (Amisco® and Prozone®) to analyse physical performance in elite soccer: a systematic review. Sports Med. (Auckland, N.Z.) 44, 701–712. doi: 10.1007/s40279-014-0144-3

Castillo, D., Castagna, C., Cámara, J., Iturricastillo Urteaga, A., and Javier, Y. (2018). Influence of team’s rank on soccer referees’ external and internal match loads during official matches. J. Strength Cond. Res. 32, 1715–1722. doi: 10.1519/JSC.0000000000002040

Castillo, D., Javier, Y., Camara, J., and Weston, M. (2015). The influence of soccer match play on physiological and physical performance measures in soccer referees and assistant referees. J. Sports Sci. 34, 557–563. doi: 10.1080/02640414.2015.1101646

Castillo, D., Javier, Y., Casajus, J., and Jesus, C. (2016). Physical fitness and physiological characteristics of soccer referees. Sci. Sports 31, 27–35. doi: 10.1519/JSC.0000000000002292

Erikstad, M. K., and Johansen, B. T. (2020). Referee bias in professional football: favoritism toward successful teams in potential penalty situations. Front. Sports Active Living 2:19. doi: 10.3389/fspor.2020.00019

Filetti, C. (2016). Relationships between high intensity running and outcome of technical-tactical skills in professional soccer players during match play. Am. J. Sports Sci. 4, 1–9. doi: 10.11648/j.ajss.20160401.11

Finch, H. (2005). Comparison of the performance of nonparametric and parametric MANOVA test statistics when assumptions are violated. Methodology 1, 27–38. doi: 10.1027/1614-1881.1.1.27

Ghasemi, A., Momeni, M., Rezaee, M., and Gholami, A. (2009). The difference in visual skills between expert versus novice soccer referees. J. Hum. Kinet. 22, 15–20. doi: 10.2478/v10078-009-0018-1

Gollan, S., Ferrar, K., and Norton, K. (2018). Characterising game styles in the english premier league using the “moments of play” framework. Int. J. Perform. Anal. Sport 18, 998–1009. doi: 10.1080/24748668.2018.1539383

Gómez, M. -Á, Mitrotasios, M., Armatas, V., and Lago-Peñas, C. (2018). Analysis of playing styles according to team quality and match location in Greek professional soccer. Int. J. Perform. Anal. Sport 18, 986–997. doi: 10.1080/24748668.2018.1539382

Gonçalves, B., Coutinho, D., Travassos, B., Brito, J., and Figueiredo, P. (2021). Match analysis of soccer refereeing using spatiotemporal data: a case study. Sensors 21:2541. doi: 10.3390/s21072541

Gong, B., Cui, Y., Shao Liang, Z., Zhou, C., Yi, Q., and Ruano, M. (2021). Impact of technical and physical key performance indicators on ball possession in the Chinese Super League. Int. J. Perform. Anal. Sport 21, 909–921. doi: 10.1080/24748668.2021.1957296

Gulec, U., and Yilmaz, M. (2016). A serious game for improving the decision making skills and knowledge levels of Turkish football referees according to the laws of the game. SpringerPlus 5:622. doi: 10.1186/s40064-016-2227-0

Helsen, W., and Bultynck, J.-B. (2004). Physical and perceptual – cognitive demands of top – class refereeing in association football. J. Sports Sci. 22, 179–189. doi: 10.1080/02640410310001641502

Hopkins, W., Marshall, S., Batterham, A., and Hanin, Y. (2009). Progressive statistics for studies in sports medicine and exercise science. Med. Sci. Sports Exerc. 41, 3–13. doi: 10.1249/MSS.0b013e31818cb278

Hossner, E.-J., Schnyder, U., Schmid, J., and Kredel, R. (2019). The role of viewing distance and viewing angle on referees’ decision-making performance during the FIFA World Cup 2014. J. Sports Sci. 37, 1481–1489. doi: 10.1080/02640414.2019.1570898

IFAB (2020/2021). Laws of the Game. Zurich: IFAB.

Johansen, B., and Erikstad, M. (2021). A preliminary analysis of the importance of distance, angle, and insight when soccer referees make penalty decisions. Front. Sports Act Living 2:595703. doi: 10.3389/fspor.2020.59570I

Joo, C., and Jee, H. (2019). Activity profiles of top-class players and referees and accuracy in foul decision-making during Korean National league soccer games. J. Strength Cond. Res. 33, 2530–2540. doi: 10.1519/JSC.0000000000003083

Lakens, D. (2013). Calculating and reporting effect sizes to facilitate cumulative science: a practical primer for t-tests and ANOVAs. Front. Psychol. 4:863. doi: 10.3389/fpsyg.2013.00863

Li, Y., Ma, R., Gonçalves, B., Gong, B., Cui, Y., and Shen, Y. (2020). Data-driven team ranking and match performance analysis in Chinese Football Super League. Chaos Solitons Fractals 141:110330. doi: 10.1016/j.chaos.2020.110330

Louis, M., and Parker, R. (2005). Designing and Conducting Survey Research: A Comprehensive Guide. Hoboken, NJ: John Wiley & Sons.

MacFarland, T. W., and Yates, J. M. (2016). Introduction to Nonparametric Statistics for the Biological Sciences Using R. Cham: Springer International Publishing. doi: 10.1007/978-3-319-30634-6

Mallo, J., González-Frutos, P., Juárez, D., and Navarro, E. (2012). Effect of positioning on the accuracy of decision making of association football top-class referees and assistant referees during competitive matches. J. Sports Sci. 30, 1437–1445. doi: 10.1080/02640414.2012.711485

Mallo, J., Navarro, E., Aranda, J., and Helsen, W. (2009). Physical demands of top-class soccer assistant refereeing during high-standard matches. Int. J. Sports Med. 30, 331–336. doi: 10.1055/s-0029-1202339

Moalla, W., Fessi, M., Makni, E., Dellal, A., Filetti, C., Salvo, V., et al. (2017). Association of physical and technical activities with partial match status in a soccer professional team. J. Strength Cond. Res. 32, 1708–1714. doi: 10.1519/JSC.0000000000002033

Oliveira, M., Orbetelli, R., and De Barros Neto, T. L. (2011). Call accuracy and distance from the play: a study with Brazilian soccer referees. Int. J. Exerc. Sci. 4, 30–38.

Raab, M., Avugos, S., Bar-Eli, M., and Macmahon, C. (2020). The referee’s challenge: a threshold process model for decision making in sport games. Int. Rev. Sport Exerc. Psychol. 14, 208–228. doi: 10.1080/1750984x.2020.1783696

Rampinini, E., Impellizzeri, F., Castagna, C., Coutts, A., and Wisloff, U. (2007). Technical performance during soccer matches of the Italian Serie A league. J. Sci. Med. Sport 12, 227–233. doi: 10.1016/j.jsams.2007.10.002

Randers, M., Mujika, I., Hewitt, A., Santisteban, J., Bischoff, R., Solano, R., et al. (2010). Application of four different football match analysis systems: a comparative study. J. Sports Sci. 28, 171–182. doi: 10.1080/02640410903428525

Scheirer, C. J., Ray, W. S., and Hare, N. (1976). The analysis of ranked data derived from completely randomized factorial designs. Biometrics 32, 429–434. doi: 10.2307/2529511

Schnyder, U., and Hossner, E.-J. (2016). Psychological issues in football officiating: an interview study with top-level referees. Curr. Issues Sport Sci. 1:004.

Schober, P., Boer, C., and Schwarte, L. (2018). Correlation coefficients: appropriate use and interpretation. Anesth. Analg. 126:1. doi: 10.1213/ANE.0000000000002864

Slack, L., Maynard, I., Butt, J., and Olusoga, P. (2013). Factors underpinning football officiating excellence: perceptions of english premier league referees. J. Appl. Sport Psychol. 25, 298–315. doi: 10.1080/10413200.2012.726935

Stolen, T., Chamari, K., Castagna, C., and Wisloff, U. (2005). Physiology of Soccer. Sports Med. (Auckland, N.Z.) 35, 501–536.

Tomczak, M., and Tomczak, E. (2014). The need to report effect size estimates revisited. an overview of some recommended measures of effect size. Trends Sport Sci. 1, 19–25. doi: 10.1186/s13054-016-1208-6

Toothaker, L., and Chang, H.-S. (1980). On “The analysis of ranked data derived from completely randomized factorial Designs”. J. Educ. Behav. Stat. 5, 169–176. doi: 10.2307/1164679

Tribune, F. (2018). Number of Asian Referees Growing in FIFA World Cup. Available online at: https://financialtribune.com/articles/sports/84149/number-of-asian-referees-growing-in-fifa-world-cup (accessed December 21, 2021).

USSF (2018). How to be in the Right Place, at the Right Time. U.S. SOCCER FEDERATION. Available online at: https://soccerrefereeusa.com/wp-content/uploads/2018/12/positioning.pdf (accessed December 2, 2021).

Volker, M. A. (2006). Reporting effect size estimates in school psychology research. Psychol. Sch. 43, 653–672. doi: 10.1002/pits.20176

Weston, M. (2015). Match performances of soccer referees: the role of sports science. Mov. Sport Sci. 87:113. doi: 10.3917/sm.087.0113

Weston, M., Batterham, A., Castagna, C., Portas, M., Barnes, C., Harley, J., et al. (2011a). Reduction in physical match performance at the start of the second half in Elite soccer. Int. J. Sports Physiol. Perform. 6, 174–182. doi: 10.1123/ijspp.6.2.174

Weston, M., Drust, B., and Gregson, W. (2011b). Intensities of exercise during match-play in FA Premier League referees and players. J. Sports Sci. 29, 527–532. doi: 10.1080/02640414.2010.543914

Weston, M., Castagna, C., Impellizzeri, F., Rampinini, E., and Abt, G. (2008). Analysis of physical match performance in English Premier League soccer referees with particular reference to first half and player work rates. J. Sci. Med. Sport 10, 390–397. doi: 10.1016/j.jsams.2006.09.001

Zhou, C., Hopkins, W., Mao, W., Lorenzo Calvo, A., and Liu, H. (2019). Match performance of soccer teams in the Chinese super league—effects of situational and environmental factors. Int. J. Environ. Res. Public Health 16:4238. doi: 10.3390/ijerph16214238

Zhou, C., Ruano, M., and Lorenzo Calvo, A. (2020). The evolution of physical and technical performance parameters in the Chinese Soccer Super League. Biol. Sport 37, 139–145. doi: 10.5114/biolsport.2020.93039


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Jiang, Ge, Du, Gomez, Gong and Cui. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/xhtml/nav.xhtml




Contents





		Cover



		Impact of Match Type and Match Halves on Referees’ Physical Performance and Decision-Making Distance in Chinese Football Super League



		INTRODUCTION



		MATERIALS AND METHODS



		Sample and Data



		Physical and Events-Related Variables



		Match Type



		Statistical Analyses







		RESULTS



		DISCUSSION



		CONCLUSION



		DATA AVAILABILITY STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		SUPPLEMENTARY MATERIAL



		REFERENCES

















OPS/images/cover.jpg
& frontiers | Frontiers in Psychology

Impact of Match Type
and Match Halves on Referees’
Physical Performance
and Decision-Making Distance
in Chinese Football Super
League









OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Psychology





OPS/images/fpsyg-13-864957-i000.jpg





OPS/images/fpsyg-13-864957-i001.jpg





OPS/images/fpsyg-13-864957-i002.jpg





OPS/images/fpsyg-13-864957-i003.jpg





OPS/images/fpsyg-13-864957-i004.jpg





OPS/images/fpsyg-13-864957-i005.jpg





OPS/images/fpsyg-13-864957-e000.jpg





OPS/images/fpsyg-13-864957-i006.jpg





OPS/images/fpsyg-13-864957-g002.jpg
density

3600

Half-1
Half-2

3800

density

2600

2800

3000

3200 3400

Total Distance (m)

40

Half-1
Half-2

50

10

20

30

Time (min)





OPS/images/fpsyg-13-864957-i007.jpg





OPS/images/fpsyg-13-864957-g001.jpg
- U
o o

w
o

distance (m)

N
o

=
o

distance (m)
H N WA U O N
o & 6 © & © ©

o

p=0.03, ES=0.03

I p=0.045, ES=0.13
|

50

40

30

20

distance (m)

10

High vs. High

High vs. Low Low vs. Low

Clearance

p<0.01, ES=0.69

distance (m)

Half-1

Half-2
Pass

p=0.01, ES=0.04 p=0.04, ES=0.03
p=0.01,ES=0.01 5 p=0.03, ES=0.06 |
[ | |
30
25
E 20
ot
§ 15
S 10
5
0
High vs. High High vs. Low Low vs. Low High vs. High High vs. Low Low vs. Low
Player running with ball Shot off target

p<0.01, ES=0.77

60

50

40

30

= 20
10

0

p<0.01, ES=0.76

distance (m)

Half-1 Half-2 Half-1 Half-2

Player running with ball Reception





OPS/images/cross.jpg
3,

i





OPS/images/fpsyg-13-864957-t002.jpg
Variable

Distance (m)

Average speed during
home possession (km/h)

Distance high speed (m)
Distance fast running (m)
Distance fast running (%)
Foul penalty

M (SD)

3,229.04 (248.05)
5.27 (0.50)

49.3 (22.33)
163.65 (50.57)
5.02 (1.37)
15.38 (5.21)

F

1.61
1.71

0.01
0.16
0.03
0.28

ES|, effect size interpretation; S, small; M, medium; L, large.

0.20
0.18

0.99
0.85
0.97
0.76

3 (ES)

0.015 (L)
0.016 (L)





OPS/images/fpsyg-13-864957-t001.jpg
Group of Indicators Definition
indicators
Physical Distance (m) Total distance in the match
performance Distance of sprint (m) Distance covered at sprint speed (24 km/h, 4-00)
Distance of fast speed (m) Distance covered at fast speed running (17-21 km/h)
Distance of high speed (m) Distance covered at high-speed running (21-24 km/h)
Number of high-speed Number of high-speed running
Number of sprinting Number of sprints
Average speed (km/h) Average speed in the match
Average speed during home possession (km/h) Average speed when home team has the ball possession
Average speed during away possession (km/h) Average speed when away team has the ball possession
Distance fast running (%) The proportion of fast running distance in total distance running
Distance sprint (%) The proportion of sprinting distance in total distance running
Distance high speed (%) The proportion of high-speed running distance in total distance running
Average length sprint (m) The average length in a sprint
Average length high speed (m) The average length in a high-speed running
Spatial distance  Goal Goal achieved
to event Pass An intentional ball played from one player to his teammate
Clearance An action (generally a pass) when the player, while having other option, to pass or to hold the
ball, is instead clearing it, either with a long pass forward without a precise target or for a throw
in/corner kick, playing safe
Cross Any pass that delivers the ball into the penalty area by the attacking team, from lateral areas of

Running with ball
Shot off target

Shot on target

Offside
Reception
Out for corner
Direct foul
Foul penalty

Out for goal kick

the attacking third (not played inside of the penalty area)

Player dribbles and moves together with the ball

Any clear attempt to score that goes over or wide of the goal without making contact with
another player

An attempt to score a goal which required intervention to stop it going in, or resulted in a
goal/shot which would go in without being diverted

Being caught in an offside position resulting in a free kick to the opposing team

A player goes to catch the ball passed by his teammates

Ball goes out of play for a corner kick

A foul that a goal can be scored directly, without the ball being touched by another player

A penalty is a foul which occurs within the 18-yard box near a team’s goal, these fouls are only
by the defending team against the attacking team within that 18-yard box, if an attacking player
is fouled in the box, then that team gets to take a penalty shot on goal

A ball goes over the baseline and is then served by the goalkeeper





OPS/images/fpsyg-13-864957-t003.jpg
Variable

Average speed (km/h)

Average speed during away
possession (km/h)

Number sprint

Distance sprint (m)
Distance sprint (%)
Average length sprint (m)
Number high speed
Distance high speed (%)
Average length high speed (m)
Clearance

Cross

Pass

Reception

Running with ball

Shot off target

Shot on target

Foul direct

Out for corner

Out for goal kick

Goal

Offside

ESI, effect size interpretation;
R, relatively; S, strong.

M (SD)

3.98 (0.31)
5.28 (0.52)

0.96 (0.76)
20.88 (18.20)
0.64 (0.56)
21.13 (9.44)
3.19(1.38)
1.51 (0.65)
15.55 (2.92)
16.13 (6.14)
23.20 (9.64)
18.96 (9.09)
19.57 (8.59)
17.84 (7.77)
12.24 (5.35)
13.87 (5.53)
14.58 (6.20)
22.35 (5.86)
24.65 (6.63)
21.46 (4.48)
17.61(6.33)

N, negligible;

H

0.98
0.52

0.05
0.12
0.11
1.06
0.08
0.07
0.02
0.84
0.29
0.97
2.03
1.14
0.34
1.35
1.69
0.55
1.23
0.66
0.65

P

0.61
0.77

0.97
0.94
0.95
0.59
0.96
0.97
0.99
0.43
0.75
0.38
0.13
0.32
0.71
0.26
0.18
0.58
0.29
0.52
0.52

EZ (ESI)

0.009 (N)
0.005 (N)

0.0005 (N)
0.001 (N)
0.001 (N)
0.001 (N)
<0.000 (N)
0.001 (N)

W, weak; M, moderate;





