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Editorial on the Research Topic
 Observational Methodology in Sport: Performance Key Elements




PURPOSE OF THE RESEARCH TOPIC

Observational methodology is an inventive approach for performance analysis in sport that has opened up a new panorama of useful and productive research in recent years (Preciado et al.). This Research Topic (RT) responds to the need for practitioners to understand athlete and team performance in individual, dual, and team sports. This RT presents a collection of scientific articles that use observational methods, enlightening the search for performance indicators in sports, particularly how the selection and combination of Performance Key Elements (PKE) positively impact the achievement of the best performances (Brito de Souza et al.; Pérez-Turpin et al.). Additionally, the analysis of contextual variables, such as opponent level, match location or match status, provides insights into how PKE perform and consequently, impact success in sport (Valldecabres et al.).

Preciado et al. present a systematic review that provides evidence of several research lines and how they have used observational methodologies. As a rigorous and flexible scientific method, observational research allows for the analysis of spontaneous behavior in a natural context. Advances in technology and innovations in research methodology have facilitated the processes of observing, collecting, analyzing, and interpreting data, in loco and real-time during training sessions and competitions, as well as in post-hoc approaches. Strategies to measure the reliability and validity of observational instruments mean that we can perceive behaviors in different scales of performance (Lavega-Burgués et al.). We are now able to use innovative software that reduces errors and the time spent gathering data (e.g., the AMISCO system, in Fernandez-Navarro et al.), promoting novel techniques that increase possibilities of analysis (e.g., polar coordinate analysis, in Prudente et al.; or network analysis, in Praça et al.).

This RT compiles high-quality research reports of situational sports made by experts in performance analysis using observational methods to describe and interpret the PKE, preferences for tactics, and the technical and strategical structure of behavior. It is intended that these compiled papers predict the functioning of PKE in each sport, permitting practitioners to plan and design more effective play models in the future.

These papers provide readers with a greater understanding and appreciation of how PKE can be used and applied to improve athlete and team executions, with updates on current hot-topics such as performance analysis and teaching-education processes, that enable them to be better prepared to apply narrative strategies and software to analyze behaviors, improving our capacity to select and to combine different performance indicators. The compiled articles highlight opportunities to make a more specific link-to-practice regarding methodological and pedagogical innovations, permitting the creation of plans to develop the individual and collective performance in each sport.



OVERVIEW OF CONTRIBUTIONS

A third of the 90 authors invited to contribute to this RT submitted manuscripts, evidencing the interest of the scientific community in different sports and the subject. This issue comprises 25 research articles, which include approximately 100 authors from 13 different countries with diverse research interests on observational methodology. The review processes involved over 60 experts from varied schools and specializations and four guest-editors. Studies were conducted in team sports, such as basketball, football, handball, and volleyball, in dual sports like badminton and tennis, and in individual sports like darts, combat sports, and taekwondo. These contributions examine the state-of-the-art, using theoretical and practice-driven approaches to the study of PKE and its effects in enhancing success in diverse sports.

The majority of studies discuss team sports at professional levels. In particular, football/soccer, with a systematic review by Preciado et al. about observational studies in male elite teams. Preciado et al. found that the most studied PKE were the goal, ball possession, corners, and players as individuals, mainly in national leagues and the FIFA World Cup. These data align with that on other international football leagues discussed in this RT, such as in La Liga (e.g., Brito de Souza et al.; González-Rodenas et al.), the Bundesliga (Korte et al.), and in FIFA World Cup, discussing men (e.g., Praça et al.; Clemente et al.) and women (Maneiro, Losada et al.).

Fernandez-Navarro et al. discuss La Liga football matches that use the AMISCO system, and found that that the winning teams in this league tended to recover more balls near their own goal, where the losing teams tended to gain possession of more balls in advanced zones of the pitch. This indicates that the better the opponent, the minor the chance of gaining the ball in advanced zones of the pitch. Awareness of the variability of these strategic spaces is also outlined by Maneiro, Blanco-Villaseñor et al. By applying the Generalizability Theory in UEFA Euro 2012 they observe that attacking the opponent allows for better exploitation of optimal parts of the playing field. The results of González-Rodenas et al. inform the attacking variables that induce greater goal-scoring opportunities, namely penetrative actions after recovering the ball and progressing by fast attacks or counterattacks. In a discussion of the Spanish Football League, Brito de Souza et al. also add that the success of teams is determined by their shooting accuracy while attacking and the number of shots conceded while defending. However, there is evidence that when playing away, the optimal PKE indicators are based on the number of shots, with defensive variables depending on the number of corners and shots conceded. Following this trend, Maneiro, Losada et al. found that in the FIFA Women World Cup 2015, successful teams had greater ball possession than unsuccessful teams, a tactical behavior that allowed them to achieve victory in most matches.

To perceive the interaction between players through passes, diverse studies have applied the Social Network Analysis. Using data from the FIFA World Cup 2018, Praça et al. and Clemente et al. searched for differences in player prominence concerning match status and positional status. On the one hand, Praça et al. found that the levels of centrality and prestige in football players in different positions indicated a more direct playing style in winning situations and a more build-up style in losing situations. On the other hand, they add that winning by an unbalanced score, significantly increased the centrality levels of the wingers and forwards in comparison to close scores. Independent of the score, defensive midfielders were the most prominent players during passing sequences. Similarly, in Bundesliga 1 and 2, the defensive midfielders were the main intermediary players in successful plays, but offensive midfielders were the most involved (Korte et al.).

By applying sequential analysis to the study of players' tactical numerical relations, Machado et al. found different configurations in football small-sided games (3 vs. 3+GK and 4 vs. 4+GK), where increasing rule manipulations negatively impact the exploratory behavior of youth players and teams. When discussing handball players, Prudente et al. used similar procedures of analysis and discovered that different attacking numerical relations seem to change the center back patterns of tactical behavior, more specifically in the numerical equality among the defense when there was no goalkeeper at the goal, as the center back opted for greater security and less risk of losing the ball.

Continuing the search for PKE in team sports, González-Silva et al. stated that serve criteria did not determine set efficacy in volleyball world-class top-level teams. Pérez-Turpin et al. discuss the European and World Championships 2016 and assessed PKE in women's and men's beach volleyball. They proved that there were differences in pass performance when compared among the different genders, in particular passing. In elite basketball, tactical PKE were searched by Ibáñez et al. in the Spanish Copa del Rey, and observed a greater number of attacks in the final stages of the matches, with short possessions that end in baskets or rebounds, positional attacks, and individual half-court defenses were predominant, with more shots in positional attacks and more fouls in transitions. They conclude that the style of play affects the finalization of possession. Moreover, in basketball (NBA competitions) Cui et al. studied physical PKE in relation to players' positions. They found that in addition to height and wingspan, leg power served as key determinants for being drafted as guards, as did agility and speed for power forwards and centers.

Although there are fewer publications about individual sports in this RT, a great number of sports were pointed. Bojanić et al. compared competitive combat sports with players in team sports, examining psychological PKE to conclude that self-esteem, neuroticism, and conscientiousness were the most important factors in distinguishing individual and team sports. Concerning psychological PKE, Yang et al. demonstrated that ego depletion and state anxiety have direct effects on darts sport performance curves in early-phase trials and that their interacting influence appears in late-phase trials. Two studies by Menescardi et al. about technical and tactical patterns of scoring in taekwondo, confirmed that combat sports are an important scientific Research Topic. The first study by Menescardi et al. used Markov processes and found five popular sequences: the opening and dodge, the direct attack and simultaneous counterattack, the dodge with a direct attack, the indirect attack and simultaneous counterattack, and the simultaneous counterattack with a direct attack. The second article by Menescardi et al. applied sequential analysis techniques to study two medallists in the Olympic Championships in 2012 and 2016 and concluded that athletes used the most difficult tactics to achieve the highest score.

Two studies on racket games are also included in the RT. Valldecabres et al. found significant differences in the 2015 Badminton World Championship when comparing players' on-court movements related to set, round and match status, confirming the high relevance of contextual variables in modulation of elite players' on-court movements. Gimenez-Egido et al. proposed that the Under-10 youth tennis players competition should be redesigned to build an optimal process of affordances that develop a multidimensional positive impact during this training stage. Lavega-Burgués et al. and Pic et al. also contribute to pedagogical processes in traditional sporting games, examining the 360° multimodal strategic intervention (decisional, relational, and organic) in a Mario game using t-pattern analysis, and concluding that it is of high importance for the development of a child. With the same procedures, Pic et al. confirmed the differences between genders also found by Pérez-Turpin et al. in their paper on elite beach volleyball. Pic et al. studied the differences between boys and girls while playing Triadic Motor Games, observing more diverse motor solutions in girls, while the boys' behavior showed a greater specialization in roles and sub-roles and the association of these solutions with a favorable modification of the marker. Lavega-Burgués et al. and Pic et al. present key findings in improving physical education teaching-learning processes, contributions to the diversity of knowledge, values, and attitudes necessary for society today.



RECOMMENDATIONS FOR FUTURE RESEARCH


The Importance of Analyzing the Player

Recent systematic reviews (e.g., Sarmento et al., 2014) have revealed that there is limited research on the individual parameters of performance in players, confirmed other studies in this RT. Nevertheless, recent research provides significant insights on the individual indicators in players, for example, Yi et al. (2020) studied associations among the variations of technical indicators, playing positions, and situational variables. Castañer et al. (2016) analyze individual patterns of play in top-level players. Finally, Castañer et al. (2017) compared elite players' motor and technical skills. Despite these contributions, there few studies have related these findings to all the dimensions of performance, namely the physical, tactical, and psychological characteristics of players.

It is vital to improve observational instruments and software to uncover how the players: (i) perform visual exploratory activity in game contexts (McGuckian et al., 2018); (ii) develop technical and tactical skills over time, using longitudinal studies (Yi et al., 2020); and (iii) manage functional asymmetry as a control of performance in relation to global performance dimensions (Guilherme et al., 2015). Technical skills assessment also needs to be further developed in the natural contexts of sport, for example, small-sided games in football, by validating observational instruments that permit us to extract data during matches or in other contextualized backgrounds. As the majority of studies emphasize the attacking phase of the game, we also advise authors to, in the future, provide more detail about defending behaviors (Fernandes et al., 2020).



To Improve Teams' Skills

Teams that work on professional levels have been studied in detail over the years, however taking into consideration isolated collective PKE, we encourage researchers to investigate time, space, and task macro-structures and the numerical relations of both teams (Perl and Memmert, 2017). In other words, it is important to comprehend how teams manage the time and the quality of skills at their disposal simultaneously, and how they gain advantages in the playing space through interrelating positions along with their orientation to the ball (Yi et al., 2020). Defending plays (Fernandes et al., 2020) and set-pieces need to be studied more in the future to better inform practitioners about effective behaviors in phases of the game. The performances of youth teams may also be further explored in future research perspectives.



Insights Into Training and Teaching-Learning Processes

We suggest that future researchers advance the development of educational specific processes (e.g., Machado et al.) by answering the following question: “how and when do the behaviors can be better trained and learned?”. We advise them to develop novel and concrete pedagogical principles and methodologies, testing them in longitudinal studies and exploring: how non-linear pedagogy can improve individual and collective PKE; when and how structured training starts in youth athletes; which team disposition of play better improves different players' individual characteristics (e.g., Memmert et al., 2019); how the opponent level in individual and team sports can create challenges that improve the development of players.




CONCLUSION

The scientific articles included in this RT focus on research questions that progress the field of performance analysis and guide future research on which (combination of) factors may be studied to enhance insight in sports. The stimulating research designs show novel possibilities of analysis, offering understandings of new research questions, and how they may be studied, developing new ideas about how to apply scientific knowledge in practice of diverse sports.
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The analyses of players and teams’ behaviors during the FIFA World Cup may provide a better understanding on how football tactics and strategies have developed in the past few years in elite football. The Social Network Analysis (SNA) has been carried out in the investigations about passing distribution, improving the understanding on how players interact and cooperate during a match. In football official matches, studies have used the SNA as a means of coding players’ cooperation and opposition patterns. However, situational variables such as match status were previously investigated and associated with changes on teams’ dynamics within and/or between matches, but were not considered in studies based on Social Network Analysis. This study aimed to analyze the influence of match status on teams’ cooperation patterns and players’ prominence according to playing positions during 2018 FIFA World Cup. Fourteen matches of the knockout stage were analyzed. Macro and micro network measures were obtained from adjacency matrixes collected for each team, in each match status (winning, drawing, and losing). A one-way ANOVA was used to compare teams’ networks (macro-analysis variables) within each match status, while a two-way ANOVA (match status × playing position) was used to compare the micro-analysis variables. Results showed no differences between match status for macro analysis. Winning situations induced higher prominence in central midfielders (0.107; p = 0.001), wide midfielders (0.093; p = 0.001), and center forward (0.085; p = 0.001), while in losing situations lower prominence levels were observed for goalkeepers (0.044; p = 0.001) and center forward (0.074; p = 0.001). Data revealed that teams do not change macrostructures according to match status. On the other hand, the microstructures showed important adaptations regarding game styles, with changes in players’ behaviors according to playing positions. In general, the levels of centrality and prestige in players of different positions indicated a more direct play style in winning situations and a more build-up style in losing situations. These results allow a better understanding about the influence of match status on players’ and teams’ performance during high-level football competitions and may help coaches to improve athletes’ performance in these situations.

Keywords: football, Social Network Analysis, notational analysis, match status, playing position, situational variables, observational methodology


INTRODUCTION

Notational match analysis provides valuable information about game dynamics (Hughes and Franks, 1997; Lago, 2009) and may help coaches to optimize training contents (Sarmento et al., 2015). Nevertheless, traditional notational analysis does not take into account the characteristics of the interactions between teammates (Clemente et al., 2015a). For this reason, the Social Network Analysis (SNA) has been also carried out in the investigations about passing distribution, improving the understanding on how players interact and cooperate during a match (Passos et al., 2011; Clemente et al., 2016). In football official matches, studies have used the SNA as a means of coding players’ cooperation and opposition patterns (Cotta et al., 2013; Gama et al., 2014; Clemente et al., 2015a). Macro and micro interaction patterns (i.e., interaction patterns related to the whole team or between individual players, respectively) may be analyzed through the passes performed between players and allow the understanding of the offensive phase dynamics. Typically, SNA applied to match analysis uses only the “last snapshot,” that is, the network resulting from the aggregate of all the interactions occurring during the entire match, focusing more on its structure and less on its dynamics (Ramos et al., 2018). However, situational variables such as match venue (García-Rubio et al., 2015), quality of the opposition (Taylor et al., 2008) and match status (Lago, 2009; Marcelino et al., 2011) were previously investigated and associated with changes on teams’ dynamics within and/or between matches. Therefore, the SNA may be performed during specific game phases, by including situational variables in the analysis, providing a broader and deeper understanding of players’ dynamics within a game.

In this context, match status is a situational variable characterized by a match momentary score (i.e., winning, drawing, or losing) and was previously reported to influence the offensive strategies within a football match (Taylor et al., 2008; Lago, 2009; Marcelino et al., 2011; Konefał et al., 2018). Previous studies showed that top European soccer teams preferred long passing sequences to achieve the opponent goal when they were losing or drawing and short passing sequences when they were winning (Paixão et al., 2015). Previous studies also demonstrated that losing teams tended to have greater ball possession (Lago and Martín, 2007). Besides, losing or drawing teams presented higher frequencies of passes, short passes, crosses, and longer ball possession time, leading to higher ball possession percentages (Konefał et al., 2018). Considering these results, we can expect losing teams to present a more cooperative behavior – characterized by higher values of density and clustering coefficient – in order to promote more imbalances on the defending team. However, to the best of our knowledge, no studies have previously examined the influence of match status on passing distribution with a SNA approach. The knowledge on how high-level football teams cope with losing or drawing match status may give insights to coaches on how to prepare their teams for these game situations.

In addition, players’ positional demands are an important aspect in football (Bradley et al., 2014). Considering the SNA approach, studies showed higher levels of prominence for midfielders (Clemente et al., 2015b), which are considered the key players for building the attack. However, it was also shown that situational variables, such as match location, can influence players’ positional demands. We expect, as previously reported, that losing teams may increase ball circulation to oppose a more defensive playing style preferred by the winning teams. This build up style, which is defined as long and controlled ball possessions in which a team is looking for opportunities to attack (Fernandez-Navarro et al., 2018) and captures teams’ strategy to safely progress into the field, could be perceived by an increased prominence of midfielders, since ball circulation is strongly based on their actions (Clemente et al., 2015b). On the other hand, a direct play style, which is characterized by instances of play where teams attempt to move the ball quickly toward the opposition’s goal through the use of long passes (Fernandez-Navarro et al., 2018) could be captured in winning teams by an expected higher frequency of links between distant players in the field [e.g., goalkeepers (GK) and forward]. However, these hypotheses were not tested in the literature.

The analyses of players’ and teams’ behaviors during the FIFA World Cup may provide a better understanding on how football tactics and strategies have developed in the past few years in elite football (Barreira et al., 2015). Besides, it has been shown that attacking teams had more difficulties to create favorable numerical contexts in the area of play than in the past (Barreira et al., 2015), what is expect to impact their possibility for passing networks and evidence the need of novel studies regarding this variable. In some recent events, the remarkable collective performance of Spain (2010) and Germany (2014) national teams (Cotta et al., 2013; Clemente et al., 2015a) – strongly based on positional game – has influenced many teams around the world and induced changes in the way that tactical principles are applied during the training process. Last year, France national team won the 2018 World Cup playing with a game style strongly based on defensive cohesion and fast offensive transitions, which is significantly different from the abovementioned teams. This fact demands an extensive incursion of scientists and coaches to understand what is new about football game principles and to comprehend the impact of this change in the “dominant style” for the next years. Based on this, the aim of this study was twofold: (1) to analyze the influence of match status on teams’ cooperation patterns and; (2) to analyze the influence of playing position on players’ prominence in different match status during the 2018 FIFA World Cup. We hypothesized that losing teams would present a higher cooperation between teammates and that losing situations would increase midfielders’ prominence.



MATERIALS AND METHODS

Observational Design

According to the specific taxonomy of the area, the observational design was nomothetic, since we analyzed the behavior of multiple teams during the competition, i.e., there is a plurality of unities; followed-up intra-sessional and inter-sessional, because teams’ and players’ behaviors were analyzed throughout the match and throughout the knockout phase of the competition by a continuous recording with independent observation of each of the two opposing teams; and multidimensional, as multiple criteria (macro and micro levels of analysis) were taken into account (Anguera et al., 2011).

Match Sample

We analyzed fourteen matches of the 2018 FIFA World Cup knockout stage. Two matches (Croatia 1 × 1 Denmark, and Belgium 2 × 0) were excluded because no significant time spent on different match statuses were observed. In these matches, more than 95% of the total time of the match spent in the same math status, which do not allow a better understanding about the influence of changing match status on teams and players’ behavior. The knockout phase comprised five stages: round of 16 (8 matches), quarter-finals (4 matches), semi-finals (2 matches), play-off for third place (one match), and final (one match). Within each match, there was one SNA adjacency matrix for each match status of each team. For example, during an Avs.B match, one matrix comprised the actions performed within the time interval during which team A was winning (e.g., 1 × 0). This matrix was accounted for the winning status (i.e., n = 1 for winning status). During this time interval, the actions of team B were comprised into another matrix, which was accounted for the losing status (n = 1 for losing status). In the case team B scored a goal (i.e., 1 × 1), the actions of each team were comprised into one matrix, both counted as drawing matrices (n = 2 for drawing status). A total of 58 adjacency matrices built based on unit of attacks were collected and treated. Therefore, our sample comprised 14 matches, with 58 changes in match status that resulted in 15 winning, 28 drawing, and 15 losing situations.

It is important to highlight that the present study of FIFA World Cup 2018 matches was not impacted by home-and-away effects because all the matches were played in Russia, eliminating or reducing the possible influence of game location. Following the qualifying tournament, only the 32 top worldwide national teams took part in the final stage, which reduced the impact of the competitive level.

This study was conducted in compliance with the Declaration of Helsinki.

Data Collection and Analysis

Matches were monitored and recorded via the official broadcasting signal, publicly available. All matches were firstly split into three categories for each team: winning, losing, or drawing situations. Then, all matches were analyzed by two expert analysts, who counted all passes between teammates. Both analysts were tested for intra- and inter-reliability levels in a 21-day test-retest protocol using 14.28% of data as recommended in literature (Tabachnick and Fidell, 2007). Intraclass Correlation Coefficients (CCI 3,1) were calculated for both intra and inter-rater reliability, and the reliability levels were 0.997 for intra-observers and 0.980 for inter-observers, thus being considered enough for this type of observational analysis. In this study, passes were used to stablish the connections, as recommended in the literature (Clemente et al., 2015a). A successful pass occurred every time a player sent the ball to a teammate, who were able to keep the ball possession without any significant interference in ball trajectory by an opponent player.

All analyses were carried out using the Ultimate Performance Analysis Tool – uPATO (Silva et al., 2019), which allowed the researchers to record information from the game, generate the adjacency matrixes, and analyze the measures of Social Network Analysis. Players were coded based on their position and only the playing position was considered for analyses not being necessary to standardize the time per each player. The weighted adjacency matrix was built based on the passing sequences (sequences of passes between teammates without interference of opponents or loss of the ball). Figure 1 provides an example of a passing sequence and its respective adjacency matrix. The final adjacency matrix of the match corresponds to the sum of all adjacency matrices built based on all the passing sequences performed by the team.


[image: image]

FIGURE 1. Example of a passing sequence and its respective adjacency matrix.



The general network properties of the SNA indicate the macro level of analysis, which are the interactions between players from a collective perspective (e.g., considering the whole team). The macro analysis includes the density and the clustering coefficient. The density is the ratio between the observed links (total links) and the maximum number of links (all possible links) (density values range from 0 – no density, lack of cooperation – to 1 – maximal cooperation). Links are the connections between two nodes (A to B). However, in the case of digraphs (our case), the links are considered in a bidirectional way, so that the connection can be stablished from player A to player B or from player B to player A depending on pass direction. The clustering coefficient indicates the level of interconnectivity between close teammates (values range from 0 – no density, lack of cooperation – to 1 – maximal cooperation) (Clemente et al., 2016).

The centrality measures are related to the level of prominence of a player in the game and indicates how effectively each player participated in the offensive process. In this study, three variables were analyzed: degree centrality (DC), degree prestige (DP), and page rank (PR). DC indicates the number of connections performed by a player. For this study, it indicates the percentage of passes performed by each player. Values range from 0 (lack of activity) to 1 (maximum exclusive centrality within the network). For instance, DP indicates the total number of connections received by a player. For this study indicates the percentage of passes received by a player. Values range from 0 (lack of activity) to 1 (maximum exclusive prestige within the network). PR indicates a player offensive popularity or the probability of a player to be activated. For this variable, values also range from 0 (lack of probability) and 1 (maximum exclusive popularity within the network).

For centrality measures, players were divided into six playing positions, as previously characterized in the literature: GK, fullbacks (FB), central defenders (CD), central midfielders (CM), wide midfielders (WM), and centre forward (CF) (Brito et al., 2017) (see Figure 2). The researchers defined players’ playing positions in all matches. When this classification was not consensual within the two analysts, playing positions were classified according to the players’ heatmap, available at https://www.fifa.com/worldcup/matches/. In these cases, the mean position occupied by the player in the field was used to define his playing position, according to the figure below:


[image: image]

FIGURE 2. Classification of playing positions according to the area they mainly occupy in the field. GK, goalkeepers; FB, fullbacks; CD, central defenders; CM, central midfielders; WM, wide midfielders; CF, center forward.



Statistical Analysis

Data were tested for normality (Shapiro–wilk’s test) and homocedasticity (Levene’s test). For macro analysis, a one-way ANOVA was used to compare data between the three different match status. In these analysis, [image: image] effect sizes were calculated and classified in no effect ([image: image] < 0.04), minimum effect (0.04 < [image: image] < 0.25), moderate effect (0.25 < [image: image] < 0.64), and strong effect ([image: image] > 0.64) (Cohen, 1988). For micro analysis, a two-way ANOVA (match status × playing position) was used. In case of significant interactions, split analyses were performed within each factor. The r effect sizes were calculated (Field, 2009) for each significant pairwise comparison and classified as small effect (r = 0.10), medium effect (r = 0.30), and large effect (r = 0.50) (Cohen, 1988). In all cases, the level of significance was set at 5%. The statistical analyses were conducted in the statistical package SPSS (SPSS Version 19.0 for Windows, SPSS Inc., Chicago, IL, United States).



RESULTS

Table 1 presents the results of the comparison between the three different match status for macro analysis. No differences were reported for both variables (p > 0.05; no effect).

TABLE 1. Means (standard deviations) of the macro-analysis variables presented in each match status.

[image: image]

There were significant interactions between factors (i.e., match status and playing positions) for DC, DP, and PR (p < 0.001). For this reason, pairwise comparisons were performed within each factor.

Table 2 presents the data (mean and standard deviation) for the degree centrality. The last column and the last line present the pairwise comparisons within each main factor. The comparison between match statuses within each playing position showed that GK (r = 0.286; small-to-medium effect) and CF (r = 0.320; medium-to-large effect) presented significantly higher values in winning situations compared to losing, while CD presented lower values in winning situations in comparison to drawing (r = 0.309 medium-to-large effect) and losing (r = 0.266; small-to-medium effect). Playing positions were also compared within each match status. In drawing situations, CD presented higher values than GK (r = 0.706; large effect), CM (r = 0.393 medium-to-large effect), WM (r = 0.529; large effect), and CF (r = 0.711; large effect). In the same match status, FB also presented higher values than CM (r = 0.577; large effect), CF (r = 0.572; large effect), and GK (r = 0.582; large effect).

TABLE 2. Means (standard deviations) of degree centrality presented by players of different playing positions according to match status.
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Table 3 presents the data (mean and standard deviation) for the DP. The last column and the last line present the pairwise comparisons within each main factor Pairwise comparisons of match status within each playing position revealed a higher prestige for WM and CF in winning situations compared to drawing (r = 0.293; small-to-medium effect; and r = 0.298; small-to-medium effect) and losing (respectively: r = 0.209; small-to-medium effect; and r = 0.442; medium-to-large effect), and a lower prestige for CD in losing situations compared to winning (r = 0.526; large effect), and drawing (r = 0.193; small-to-medium effect). The comparisons between playing positions within each match status showed that, in winning situations, WM presented a higher prestige compared to GK (r = 0.489; medium-to-large effect), FB (r = 0,308; medium-to-large effect), and CD (r = 0.425; medium-to-large effect). In the same situation, CM and CF also presented higher values than GK (r = 0.478; medium-to-large effect compared with CM; and r = 0.574; large effect compared with CF) and CD (r = 0.321; medium-to-large effect compared with CM; and r = 0.420; medium-to-large effect compared with CF). In winning situations, GK also presented lower values than FB (r = 0.447; medium-to-large effect). In drawing situations, GK presented lower values than FB (r = 0.625; large effect), CD (r = 0.727; large effect), CM (r = 0.653; large effect), WM (r = 0.701; large effect) and CF (r = 0.607; large effect) while CD also presented a higher prestige than CF (r = 0.394; medium-to-large effect). In losing situations, GK and CF presented lower values than FB (respectively: r = 0.794; large effect; and r = 0.483; medium-to-large effect), CD (respectively: r = 0.684; large effect; and r = 0.436; medium-to-large effect), CM (respectively: r = 0.763; large effect; and r = 0.562; large effect), and WM (respectively: r = 0.805; large effect; and r = 0.568; large effect). These results indicated that forward players (CM, WM, and CF).

TABLE 3. Means (standard deviations) of degree prestige presented by players of different playing positions according to match status.
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Finally, Table 4 presents the data (mean and standard deviation) for the page rank. The last column and the last line present the pairwise comparisons within each main factor Pairwise comparisons within each position revealed that CD presented higher values in drawing situations compared to winning (r = 0.419; medium-to-large effect), and higher values for CF in drawing situations compared to losing (r = 0.347; medium-to-large effect). For comparisons between positions within match status, there was a higher prominence for CM in comparison to GK (r = 0.663; large effect), FB (r = 0.390; medium-to-large effect), CD (r = 0.541; large effect), and CF (r = 0.309; medium-to-large effect) in winning situations. WM also presented higher values than GK (r = 0.653; large effect) and CD (r = 0.396; medium-to-large effect) in winning situations. FB, CD, and CF presented higher values than GK (respectively: r = 0.600; large effect; r = 0.438; medium-to-large effect; and r = 0.598; large effect) in winning situations. In drawing situations, GK presented lower values than FB (r = 0.583; large effect), CD (r = 0.688; large effect), CM (r = 0.683; large effect), WM (r = 0.678; large effect), and CF (r = 0.702; large effect). Finally, in losing situations, CM and WM presented higher values than GK (respectively: r = 0.706; large effect; and r = 0.817; large effect), and CF (respectively: r = 0.427; medium-to-large effect; and r = 0.492; medium-to-large effect). GK also presented lower values than CF (r = 0.623; large effect).

TABLE 4. Means (standard deviations) of page rank presented by players of different playing positions according to match status.
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DISCUSSION

This study aimed to analyze the influence of match status on teams’ cooperation patterns, as well as the influence of playing positions on players’ prominence in different match status during FIFA World Cup 2018. To the best of our knowledge, this is the first study to investigate the influence of situational variables, such as match status, on teams’ network properties and players’ prominence in SNA. Considering the well-stablished influence of situational variables on match dynamics, we believe this as an innovative contribution of the current study. Regarding the macro variables and the first aim of the study, no differences were observed between the different match statuses, probably because the absence of difference in both number and homogeneity of interactions. In this sense, differences only would be reported in macro variables if more (or more/less homogeneous) interactions were adopted by the teams, what was not observed. On the other hand, we found an increase in ball circulation in losing teams, corroborated by a higher prominence of midfielders and a lower prominence of GK and center forward, what indicates differences on game style. Therefore, micro variables can be affected by the differences in passing distribution (i.e., different players present higher prominence in different match statuses, although the team presents the same number of connections). Based on this, future studies should consider the concomitant analysis of macro and micro variables when trying to understand football.

The first aim of this study was to analyze the influence of match status on teams’ cooperation patterns during the 2018 FIFA World Cup. In general, center midfielders, wing midfielders, and center forward were the most prominent players in winning situations, which reinforces the assumption that this match status increased teams’ use of a direct play style. On the other hand, center forward were the lesser prominent in losing situations (except for GK), indicating a possible difficulty to achieve the most in-depth players when the teams were losing and demanding an increase in ball circulation to find good offensive opportunities. Clemente et al. (2015a) found higher values of density for winning teams during 2014 FIFA World Cup. Top teams also presented more ball touches, passes, and pass accuracy than bottom teams during the Spanish national championship “La Liga BBVA” 2012–2013, (Liu et al., 2015). Based on match outcomes, these results reinforce the idea that a more decentralized offensive process, based on passing progression and on a supporting progression strategy, could lead teams to be more successful during football matches. Additionally, a higher frequency of short passes was reported for winning teams in comparison to drawing and losing teams during the EURO 2016 (Konefał et al., 2018), and the total number of passes was positively associated with team performance (Pina et al., 2017). Based on these results, we hypothesized that winning teams would adopt a more defensive style in order to keep their favorable score. Therefore, losing teams would need a higher frequency of passes to build a better opportunity to find a scoring-box. Contrary to this hypothesis, we found no differences on both density and clustering coefficients between the three match statuses. Despite the higher frequency of passes found for winning teams reported in the literature (Liu et al., 2015), a previous study has demonstrated that the clustering coefficient is not a significant predictor of team performance, possibly indicating that different offensive styles can be equally effective for a team to succeed (Pina et al., 2017). Thus, this study results reinforce the rationale that multiple playing styles can be applied to achieve success in high-level football matches. Although in a macro level teams have presented a more stable dynamics, not influenced by match status (i.e., no differences for density and clustering coefficient), the existence of differences in micro variables suggests that the investigation of macro variables does not seem enough to capture changes in teams’ dynamics within a match, since no significant differences were detected.

The second aim of this study was to analyze players’ prominence according to playing positions in different match status during the 2018 FIFA World Cup. Since no interactions between main effects were observed, two different analysis were conducted for this aim: a comparison between different playing positions within each match status and a comparison between different match statuses within each playing position. In this topic, many studies have discussed the characteristics of each playing position during a football match (López-Peña and Touchette, 2012; Peixoto et al., 2017). For example, CM presented the highest frequencies of successful passes and receptions (Brito et al., 2017), and the highest prominence in official matches (López-Peña and Touchette, 2012; Peixoto et al., 2017). Considering the need to regain the ball possession quickly, losing teams are expected to adopt a more aggressive defensive style, increasing the time constraint to the team in offense, which is in line with the study of Barreira et al. (2015), who demonstrated that attacking teams increased their difficult to create a favorable numerical contexts in the game center over the years in modern soccer. By this, players in the offensive phase will be demanded to act in a time-constrained situation when winning, which will demand a faster process of gathering perceptual information and making the decisions, summed to a higher passing accuracy to overcome the opposing team. In this sense, midfielders can be more demanded during the game since recent studies showed that these players reached higher scores in positioning and deciding tactical skills (Kannekens et al., 2011) and a more position-specific coupling (Gonçalves et al., 2014). Therefore, the possible more aggressive defensive style observed in losing teams seems to increase the participation of midfielders as key players during this match status. Besides, this rationale may explain the lower prominence of these players during winning status. Finally, we can conclude that match status influences players’ prominence during official football matches.

Compared to winning teams, a previous study showed that losing teams decreased the direct play and maintenance play style, while increased the frequency of build up attacks (Fernandez-Navarro et al., 2018). The results of the present study reinforce these findings, which are in line with the changes in players’ prominence levels in the different match status. For example, a more direct play in winning situations may be inferred from the increased DP in CM, WM, and CF, the most advanced players on the pitch. These results indicate that a direct play strategy was possibly used by the winning teams to quickly build the attack and take advantage of the defensive derangements caused by the incomplete defensive transitions performed by the opposing team. On the other hand, losing situations were characterized by a reduced centrality and prestige for CF, indicating that these forward players were less activated in these situations. For these reasons, it is possible to infer that a ball circulation strategy (i.e., a build up style) was demanded, reducing the number of passes from and to CF. Therefore, in general, results showed that microstructures were sensitive to the influence of match status, while macrostructures were not.

This is the first study to examine the influence of match status on players’ and teams’ behavior using a SNA approach. The comprehension of the multi-faceted performance in football needs to be supported by techniques and tools suitable for capturing the dynamics of the game. However, results presented in the current study are limited to high-level football and not necessarily applicable to other contexts. Besides, changing in players’ positions during the matches were not considered in the present study, and should be addressed in future research. Future studies should also apply this novel approach in matches of different ages and competitive levels (regional, national, and international) to develop the road to expertise in youth academies.



CONCLUSION

The network analysis of knockout phase of FIFA World Cup 2018 revealed that teams do not change macrostructures according to match status (i.e., losing, drawing, or winning). On the other hand, the microstructures showed important adaptations regarding game styles, with changes in players behaviors according to playing positions. In general, although the total of interactions stablished between players did not change significantly, the levels of centrality and prestige in players of different positions indicated a more direct play style in winning situations and a more build-up style in losing situations. These results allow a better understanding about the influence of match status on players’ and teams’ performance during high-level football competitions and may help coaches to improve athletes’ performance in these situations.

Coaches and analysts should analyze both macro and micro structures of a team to better comprehend its dynamics within and between matches and provide a quantitative feedback about the team and players performance. In this sense, a large behavioral variation within a match can be interpreted as a team’s difficulty to keep the game style during the match, indicating the need to improve players’ comprehension of team’s game principles and its application during higher pressure moments (i.e., losing situations). This issue is particularly important to national teams, because of their tight training schedule in comparison to lower level teams. On the other hand, during winning situations, it seems important to set up strategies for both direct play and ball maintenance to avoid a high frequency of long passes or unstructured progression in the field, which could decrease the offensive success and reduce the chances to keep the score. In both cases (winning and losing situations), training contents must contain the specific rules for progression or maintenance of ball possession, to allow players to develop their tactical knowledge of the team’s game principles needed during the matches.
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The present study aimed to investigate how team’s tactical behavior varies within and between age categories in different Small-Sided and Conditioned Games’ configurations and conditions. Twenty non-elite youth male soccer players (U15, n = 10, mean age = 13.5 ± 1.2 years; U17, n = 10, mean age = 16.3 ± 0.5 years) were selected. Thirty-six Small-Sided and Conditioned Games (SSCG) were played in both categories, namely three Representative SSCG (R-SSCG), three Maintaining Ball Possession Games (MBPG) and three Progression to Target Games (PTG) performed for each configuration (Gk+3vs3+Gk and Gk+4vs4+Gk). Teams’ tactical behavior was analyzed based on simple and composite performance indicators, as well as through Lag Sequential Analysis. Rules manipulation and SSCG configurations influenced teams’ tactical behavior on both categories, but in different ways. Teams composed by younger players presented greater difficulties in MBPG played in smaller games configuration, while Gk+4vs4+Gk configuration can be used to enhance teams’ tactical performance of younger players in R-SSCG and MBPG conditions. Moreover, increasing rules manipulations appeared to negatively impact on teams’ exploratory behavior. Therefore, practitioners should carefully manipulate key constraints to adapt task demands to players’ age category and training session’s goals in order to enhance tactical performance.

Keywords: sports pedagogy, soccer, representative learning design, task constraints, tactical behavior


INTRODUCTION

During their developmental process, players are continually involved in different practice contexts that strongly influence their perceptual-cognitive skills, skill acquisition, among others (Fonseca and Garganta, 2006; Ford et al., 2009, 2012; Roca et al., 2012). In this regard, the early engagement in an unstructured practice and play-oriented activities developed by the own learners (i.e., Street Soccer) seems to enhance motor and perceptual-cognitive skills of soccer players, being understood as an important representative learning environment, since such environments stimulate player’s perceptual attunement to key information sources, also present in competitive environments (Fonseca and Garganta, 2006; Scaglia, 2011, 2014; Roca et al., 2012; Machado et al., 2019).

However, nowadays, a set of formal learning environments (e.g., soccer schools, soccer clubs, physical education classes, etc.) has emerged as the most common and appropriate places for children to learn and play soccer (Machado et al., 2017, 2019). Nevertheless, traditional teaching methods utilized in such environments are usually supported by a linear pedagogy, meaning that practitioners (i.e., coaches and/or physical education teachers) provide players and students with structured training sessions or classes characterized by the repetition of drills or rehearsals, mainly focusing on the development of technical and physical skills through application of decontextualized tasks that do not promote and stimulate the players’/students’ tactical awareness and game understanding (Ford et al., 2010; Galatti et al., 2014; Chow et al., 2016). Therefore, the beneficial and stimulating environment provided by Street Soccer have been gradually replaced by a highly rigid, structured and adult-led learning environment.

The limitations underlying the application of traditional pedagogical methods have lead researchers to propose representative learning environments (player-centered and game-based approaches) that ensure suitable practical contexts for effective learning and acquisition of skills in team sports and/or physical education (Pinder et al., 2011; Chow, 2013; Davids et al., 2013; Scaglia et al., 2013; Galatti et al., 2014). In this way, the ecological dynamics recognizes the non-linearity nature of learning, highlighting the key role of constraints manipulations in shaping the performance of players/students and teams in competitive environments (Chow, 2013; Chow et al., 2016). Furthermore, such non-linear phenomena characterizing team sport settings (e.g., the unpredictability of the game environment) justifies the need for more pedagogical and methodological principles coherent with non-linear dynamics, providing a theoretical and practical framework for understanding emergent behavior (e.g., teams’ tactical performance) (Chow et al., 2016). Therefore, Non-linear Pedagogy (NLP) encompasses a powerful paradigm for understanding human movement and for designing effective teaching, coaching and training programs in sport (Chow et al., 2013, 2016; Chow and Atencio, 2014; Serra-Olivares et al., 2016).

Thus, adopting a non-linear pedagogical approach to sports training and sports pedagogy implies practitioners to carefully manipulate specific key task constraints of performance and learning environments to better adapt game demands to players’/students’ skill levels, age category and tactical training content. Several studies have already scrutinized the influence of manipulating key task constraints (e.g., field dimensions, numerical relations, etc.) on physical and physiological, technical and tactical performance (Hill-Haas et al., 2011; Aquino et al., 2017; Ometto et al., 2018), as well as on learners’ motivation on task engagement in physical education (Roure and Pasco, 2018). However, there are few studies that sought to investigate how different task conditions and configurations (e.g., Small-Sided and Conditioned Games -SSCG) impact on teams’ performance and exploratory behavior in different age categories.

Concerning the rules manipulations (conditions), previous studies (Almeida et al., 2012; Machado et al., 2016) have highlighted that the manipulation of the amount of ball touches and passes to shooting toward the opposing goal shape different tactical behaviors. Almeida et al. (2012) observed that the manipulating of the amount of ball touches (two touches) led teams to employ a more direct attacking style, while the manipulation of the amount of passes needed to shoot at the opponent’s goal led players to perform more passes, thus stimulating the maintenance of ball possession. Lizana et al. (2015) and Machado et al. (2016) used two different SSCG conditions in an attempt to emphasize progression to the target and maintain ball possession tactical principles of play highlighted by Bayer (1994). The authors have also observed that such SSCG conditions stimulated the emergence of different attacking patterns.

Still, there is a clear lack of studies discussing how the performance of players with different ages may be influenced by the use of different SSCG conditions. Moreover, it is also important to examine how specific SSCG configurations (i.e., number of players) could promote and/or inhibit teams’ performance in such game conditions. Given the aforementioned, this study aimed to investigate how team’s tactical behavior varies within and between categories (U-15 and U-17) in different SSCG configurations (Gk+3vs3+Gk and Gk+4vs4+Gk) and conditions (rules manipulation).



MATERIALS AND METHODS


Participants

Twenty non-elite youth male soccer players (U15, n = 10, mean age = 13.5 ± 1.2 years; U17, n = 10, mean age = 16.3 ± 0.5 years), without experience in a systematic soccer game-based training were recruited from the university’s soccer program for beginners, playing in recreational context, for participating in this study. A brief explanation of the study procedures has been priory given and only those players whose parents signed the free and informed consent, approved by the Ethics Committee for Research of the author’s university, have participated.



Design

In this study, 36 Small-Sided and Conditioned Games (SSCG) were conducted, namely: three Representative Small-Sided and Conditioned Games (R-SSCG); three Maintaining Ball Possession Games (MBPG), and; three Progression to Target Games (PTG) for each games’ configuration (Gk+3vs3+Gk and Gk+4vs4+Gk) and for both age categories (U15 and U17) (see Figure 1). The reason for choosing these game configurations was based on the premise that the Gk+3vs3+Gk respects the minimum configuration that guarantees the occurrence of all tactical principles of play (Garganta, 2002; Costa et al., 2011), while the Gk+4vs4+Gk, in accordance to Garganta et al. (2013), represents the most appropriate configuration for teaching soccer since it allows a rational organization of players positioning on field, thus increasing the chances of continuously having players in all the paths and sectors of the field, facilitating the communication process established between players.
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FIGURE 1. Research’s design and Small-Sided and Conditioned Games applied.



All the SSCGs were preceded by a 15-min of standardized warm-up, and two familiarization sessions were conducted for each game configuration and condition. The experimental procedure of this investigation lasted 2 weeks, aiming to respect a 48-h interval between the training sessions. In an attempt to reduce the influence of one game condition in the subsequent conditions, the order of SSCG’s was randomized. All the game configurations had 10 min of duration interspersed by 10 min of interval between them (activity/recovery ratio of 1:1) (Figure 1).

The R-SSCG followed the official rules of a soccer match, with the exception of the offside rule. This allowed us to access important information regarding the real influence of the rules manipulation in other SSCGs on teams’ tactical behavior. In all SSCG conditions, the goalkeepers (Gk) were restricted to only shot stopping activities, thus not being allowed to participate in the offensive actions.

The MBPG condition involved the manipulation of the game rules in order to emphasize the tactical principle of maintaining ball possession: (a) in the MBPG condition each player was allowed to perform a maximum of two touches on the ball, in which extra points to the opposing team were awarded for each extra touch given by the same player; (b) the players of the team with ball possession should perform constant switches of lines/zones (pre-determined in the field with cones of different colors – see Figure 1) being awarded an extra point to the team that circulate the ball from one side of the pitch to the other; (c) for each time that the team in possession of the ball achieved five consecutive passes without returning the ball to the player who have performed the last pass, the team obtained two points; and (d) the goal could only be scored after accomplishment of five consecutive passes, being the team awarded with eight points.

Finally, in the PTG condition, the rules were manipulated in order to emphasize the tactical principle of progression to the opponent’s target, in which: (a) the passes performed by the players could only be conducted toward the opponent’s goal, with backward passes being only allowed on two occasions, namely in the recovery of ball possession and in an assistance (i.e., passing to goal); (b) every goal scored preceded by a backward pass would worth five points, while a goal scored in an attacking sequence in which the last pass was performed just toward the opposing goal, would worth ten points; (c) whenever the team played into a pre-defined area delimited by the cones (risk area, i.e., area that presents risks to the opposing team – see Figure 1), would obtain three points.



Analysis of Tactical Behavior

Tactical behavior was analyzed through: (a) Offensive Sequences Characterization System (OSCS) (Almeida et al., 2012, 2013); (b) Lag Sequential Analysis (Barreira et al., 2012, 2013).


Offensive Sequences Characterization System – OSCS

The OSCS, proposed by Almeida et al. (2012, 2013), was used to characterize the attacks performed by the teams during the SSCGs. The system is composed by the following performance indicators: (a) Simple indicators: duration of ball possession, number of players involved, number of ball touches, number of passes and number of shots. (b) Composite indicators: number of players involved/duration of ball possession (rhythm of collective involvement), ball touches/duration of ball possession (rhythm of ball intervention), number of passes/duration of ball possession (rate of passes), ball touches/players involved (individual contribution on ball touches), number of passes/players involved (individual contribution in ball circulation), number of passes/ball touches (attacking dynamics), and goal/shots (offensive efficacy).



Lag Sequential Analysis

Lag Sequential Analysis was used to analyze teams’ exploratory behaviors through the identification of the offensive patterns of play exhibited during the SSCGs. Exploratory behavior can be defined as a subsequent realization of a large amount of movement configurations under specific constraints of each performer, and the interaction with its surrounding environment (Hristovski et al., 2012; Torrents et al., 2016). Thus, LSA might be used to observe the variability of movement patterns displayed by teams and players along their offensive sequences of play. To achieve this purpose, the SoccerEye Observational Instrument was used (Barreira et al., 2012, 2013), which encompasses seven criteria that combine field formats with a system of categories (for more detailed information please see Table 1), namely: (a) Start of the offensive phase/ball recovery (BR); (b) Development of defense/attack transition-state (DT); (c) Progress of Ball Possession (DP); (d) End of the Offensive Phase (F); (e) Patterns of pitch space position; (f) Centre of the Game, i.e., the context of cooperation and opposition between players who actively participated and/or are able to participate in the game, in relation to the player with the ball; and (g) Spatial patterns of teams’ interaction.

TABLE 1. SoccerEye Observational Instrument adapted from Barreira et al. (2012).
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Reliability of the Analysis

The Spearman’s Correlation Coefficient was used to evaluate data reliability regarding the performance indicators of OSCS: (i) intra-observer: the values vary between 0.83 and 0.89, with the lowest value found for the composite indicator “Ball touches/Duration,” and the highest to the simple indicator “Shots”; (ii) inter-observers: the values vary between 0.78 and 0.85, with the composite indicator “Ball touches/Duration” presenting the lowest value and the single indicator “Shots” showing the highest one. Intra and inter-observers reliability analysis was performed using SPSS 20.0 software.

Regarding the reliability of sequential analysis, two independent observers analyzed the first 45 min of the 2010 FIFA World Cup final (Spain vs. Netherlands) in two different moments, with 21 days of interval. Thus, Cohen’s Kappa Index (Cohen, 1960) was used to evaluate the intra and inter-observers reliability of SoccerEye categories. The following values were found: (i) intra-observers: 0.90 < k < 0.95; (ii) inter-observers: 0.87 < k < 0.92. SDIS-GSEQ (version 5.1, 2011) software was used to analyze data reliability.



Statistical Analysis

Komolgorov–Smirnov and Levene tests were used to verify the normality and the homogeneity of variances, respectively, regarding the simple and composite performance indicators that compose the OSCS. Moreover, both means and standard deviations were calculated for all performance indicators. Since the multivariate normality assumption was rejected, we analyzed each independent variable independently. Therefore, multiple Mann-Whitney tests were applied to identify the main differences between categories (U15 and U17) and SSCG configurations (Gk+3vs3+Gk and Gk+4vs4+G). In addition, Kruskal–Wallis test and a post hoc Dunn’s test were used to compare SSCG conditions (R-SSCG, MBPG, and PTG). To calculate the magnitude of the effect of the differences, we used the formula r = Z/√N (N = amount of offensive sequences observed in each SSCG’s configuration and condition in both age categories), with the following values of reference: r = 0.2 (small magnitude); r = 0.5 (moderate magnitude); and r = 0.8 (large magnitude) (Cohen, 1988). Statistical analysis was conducted using the SPSS 20,0 software.

Also, Lag Sequential Analysis was performed through SDIS-GSEQ software (version 5.1, 2011), allowing to analyze teams’ exploratory behavior. This technique allows investigators to verify the existence of stability/regularity in the sequence of events above the odds that are granted by chance, using the z-score value (z ≥ 1.96; p ≤ 0.05) (Anguera, 1997). We assumed the SoccerEye fourth criterion — End of the Offensive Phase —, as a conduct criteria, in particular the behaviors that represented attacking efficacy, namely: (a) wide shot (Fws), (b) shot on target (Fst), (c) shot stopped with no continuation of ball possession (Fso), and (d) goal (Fgl) (see Table 1). Through a retrospective analysis of the five conducts prior to the end of the attack, the diachronic associations between the conducts were determined, in which the higher z-value represents the stronger associations between the events.




RESULTS


Differences Between Age Categories

Table 2 shows the differences between age categories for simple and composite performance indicators. In R-SSCG, U17 teams showed a greater rhythm of ball intervention, while U15 teams presented higher individual contribution in ball circulation and attacking dynamics, showing that youngest players were more comfortable in managing task dynamics at Gk+4vs4+Gk. In MBPG, U17 teams presented longer offensive sequences, more ball touches and passes performed than U15 at Gk+3vs3+Gk. Furthermore, U17 teams also presented a higher rhythm of ball intervention, more individual contribution on ball touches, higher attacking dynamics and efficacy in MBPG played at Gk+3vs3+Gk configuration, indicating that older players were able to deal with high complexity levels imposed by game configuration (number of players) and condition (rules manipulated). On the other hand, U15 teams presented longer offensive sequences, more ball touches and passes performed than U17 in MBPG played at Gk+4vs4+Gk, as well as more individual contributions on ball touches and on passes performed, indicating that older players were able to perform a more direct approach to opponents’ target in those games’ configuration and condition.

TABLE 2. Differences between age categories in all Small-Sided and Conditioned Games.
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In PTG condition, we found that U17 teams presented longer offensive sequences, more ball touches and passes performed than U15 at Gk+3vs3+Gk configuration, as well as more individual contributions on ball touches and ball circulation. However, U15 teams presented a higher rhythm of collective involvement and higher offensive efficacy than U17 in PTG condition played at Gk+3vs3+Gk configuration, probably due to the direct style of play imposed by those teams. Regarding to PTG played at Gk+4vs4+Gk configuration, we found that U17 teams presented more ball touches and higher rhythm of ball intervention than U15.



Differences Between Small-Sided and Conditioned Games’ Configuration

Table 3 shows the differences between SSCG configurations for simple and composite performance indicators. We found that U17 players presented a higher individual contribution to ball circulation in R-SSCG played at Gk+3vs3+Gk configuration. In MBPG, U15 teams presented more players directly involved in the offensive sequences of play, performing more touches on the ball at Gk+4vs4+Gk configuration. Furthermore, players performed more passes and presented a higher rhythm of ball intervention. However, U15 teams presented higher attacking dynamics in the Gk+3vs3+Gk configuration. The U17 teams accomplished longer offensive sequences, more ball touches, passes performed and higher offensive efficacy in MBPG played at Gk+3vs3+Gk configuration. Beyond that, players showed higher individual contributions in ball touches and ball circulation, indicating that they may have achieved the task goals through a more individual game style.

TABLE 3. Differences between Small-Sided and Conditioned Games configurations.
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Besides, we have also observed that U17 teams presented a higher rhythm of collective involvement, indicating that, in this configuration, teams were able to play more collectively, despite presenting shorter offensive sequences and less efficacy. In the PTG condition, we found that U17 teams displayed a higher rhythm of collective involvement at Gk+4vs4+Gk configuration, while U17 players showed more individual contributions on ball touches and ball circulation at Gk+3vs3+Gk configuration.



Differences Between Small-Sided and Conditioned Games’ Conditions

Table 4 shows the differences between SSCG conditions for simple and composite performance indicators. In general, MBPG allowed teams to achieve high number of passes, with more players involved and a higher rate of passes completed. Moreover, MBPG stimulated the emergence of offensive sequences with a higher playing time comparatively to other conditions, excepting for games played by U17 teams at Gk+4vs4+Gk configurations. Also, players presented more individual contributions to passes in MBPG. However, in MBPG condition, teams performed a lower quantity of shots, as well as a lower rhythm of intervention on the ball than in other conditions, for both categories and configurations. Moreover, due to the conditions imposed by the game rules, MBPG stimulated players to perform fewer touches on the ball for each pass accomplished, in both categories and configurations.

TABLE 4. Differences between Small-Sided and Conditioned Games conditions.
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Differences between R-SSCG and PTG were also observed. The U15 teams presented a higher individual contribution for ball circulation in R-SSCG played at Gk+4vs4+Gk configuration than in PTG, reinforcing the assumption that this configuration might benefit players’ participation in the game flow. In PTG played by U17 teams at Gk+3vs3+Gk configurations, we observed that such game condition stimulated an individual playing style, verified by a greater individual contribution on ball intervention than in R-SSCG played in the same configuration. Additionally, we observed that the R-SSCG promoted a higher rhythm of collective involvement than the PTG played in this same configuration (Gk+3vs3+Gk). These results might indicate that this configuration has prompted the oldest age group to play more collectively in the R-SSCG, despite being a smaller configuration.



Analysis of Offensive Patterns of Play

In order to better understand the analysis of offensive patterns of play, we would like to emphasize that SoccerEye observational tool takes into account both transition and organization moments of the attack. Defense/attack transition (DT) represent the moments after a direct ball recovery, while in the offensive organization (DP) moment, teams are organized in their habitual settings, with a greater participation of the players in ball circulation (Barreira et al., 2012; Garganta et al., 2013).

Regarding the R-SSCG played in the Gk+3vs3+Gk configuration (Figure 2), U15 and U17 teams presented a high variability of offensive patterns that resulted in goals scored (Fgl), as well as shots on opponents’ target (Fst) and wide shot (Fws). We can observe that the offensive patterns performed in transition, i.e., through faster attacks, were conducted after tackle (U15: z = 1.98), dribbling (U15: z = 2.77), and long pass (U17: z = 2.54). Moreover, goal-scoring patterns in offensive organization were also observed, where individual actions as running with the ball tended to precede goals in both U15 and U17 teams (z = 2.87 and z = 2.11, respectively). Nevertheless, we also noticed that in this configuration the U17 teams also scored goals through collective actions (DPbc: ball control – z = 2.40). Interestingly, the U15 teams created more goal-scoring opportunities after positive short passes, for both defense/attack transition (z = 3.91) and offensive organization (z = 5.02) in Gk+4vs4+Gk (Figure 2), showing that, in this specific configuration, teams presented more possibilities to reach the opponents’ goal through collective actions.
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FIGURE 2. Offensive patterns of play observed in Representative SSCG at 3vs3+Gk and 4vs4+Gk configurations by U15 and U17 categories.



In the MBPG condition, teams displayed a low variability of offensive patterns of play (see Figure 3). In MBPG played in both configurations, we do not observe any offensive patterns of play that ended in goal scored for U15 teams. Notwithstanding, we verified that at Gk+3vs3+Gk configuration, shots on target (Fst) were preceded by running with the ball (DPrb – z = 2.58), which by the rules of the game it would not be possible, since the first rule manipulated in this condition was that each player could only perform a maximum of two touches on the ball. In the Gk+4vs4+Gk configuration, U15 teams created more shooting opportunities into opponent’s target (Fst) mainly through passes exchange (DPpsp – z = 6.26) in the left hand-side of the offensive midfield, exhibiting a more collective playing style.
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FIGURE 3. Offensive patterns of play observed in Maintaining Ball Possession Games at 3vs3+Gk and 4vs4+Gk configurations by U-15 and U-17 categories.



On the other hand, in Gk+3vs3+Gk configuration, U17 teams scored goals preceded by short pass (DPpsp – z = 3.02) and ball control (DPbc – z = 4.00), both in offensive organization, showing that U17 demonstrated a more collective playing style in this SSCG configuration. Moreover, the goals scored by U17 teams in the Gk+4vs4+Gk configuration tended to occur after a positive short pass in defense/attack transition (DTpsp – z = 4.53), signifying that this configuration stimulated faster offensive patterns for this age category.

Regarding PTG, it was observed that both U15 and U17 teams presented high variability of offensive pattern of play (Figure 4). In Gk+3vs3+Gk configuration, the goals scored by U15 teams were preceded by short passing (z = 2.36), crossing (z = 2.90), and dribbling (z = 2.03) in offensive organization, showing that in this specific SSCG’s configuration and condition, the U15 teams can be more effective (i.e., scoring goals). Alternatively, the goals scored by U17, in Gk+3vs3+Gk configuration, were usually preceded by crossing (z = 3.29), dribbling (z = 2.30) and after an intervention of the goalkeeper in the defensive phase (z = 3.51), all in offensive organization. However, we also observed goals scored by U17 teams through defense/attack transition, after a positive short passing (z = 4.80).
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FIGURE 4. Offensive patterns observed in Progression to Target Games at 3vs3+Gk and 4vs4+Gk configurations by U-15 and U-17 categories.



Moreover, in PTG played at Gk+4vs4+Gk configuration, both U15 and U17 teams scored their goals by varying their offensive patterns, either through faster attacks or implementation of a more collective playing style. The U15 teams scored their goals after a short pass (defense/attack transition: z = 3.02 and offensive organization: z = 3.05), running with the ball (z = 2.63) and opponent’s intervention with no success (z = 3.41) in offensive organization. Regarding the offensive patterns of play that ended in goals in U17 teams, for the Gk+4vs4+Gk configuration, goals tended to be preceded by a positive crossing in defense/attack transition (z = 2.60) or a positive short pass (z = 2.63), as well as by a goalkeeper’s intervention (z = 2.45) in offensive organization.




DISCUSSION

The purpose of this study was to investigate how teams’ tactical behavior varies with age (U15 and U17) in different SSCGs configurations (Gk+3vs3+Gk and Gk+4vs4+Gk) and game conditions (Representative SSCG, Maintaining Ball Possession Games, and Progression to Target Games). Based on the results, we highlight that practitioners should consider players’ age, task difficulty in which regards the application of different SSCG’s configurations, and tactical training content to design representative training tasks to enhance tactical learning.

Thus, in order to better explain the practical implications of the present study, we organized the discussion into subsections: (a) the performance of U15 and U17 teams according to the different SSCG’s conditions and configurations; (b) the rules as key task constraints that can either induce and/or stabilize specific offensive patterns of play, as well as limit players’ and teams’ exploratory behavior.


U15 and U17 Teams’ Performance in Different SSCG’s Configurations and Conditions

Results from this study highlighted that U15 teams presented better performances in MBPG played at Gk+4vs4+Gk than in Gk+3vs3+Gk, thus completing more passes, ball touches, and displaying a higher rhythm of ball intervention. Considering the operational tactical principles defined by Bayer (1994), Serra-Olivares et al. (2016) observed that players presented greater difficulties in playing the Maintaining Ball Possession SSCGs comparatively with the Progression to Target SSCGs. Despite using goalkeepers in all SSCGs, and have investigated older age categories (U15 and U17), our results are similar to Serra-Olivares et al. (2016), which have concluded that younger players exhibited better passing performances and higher amount of ball touches in offensive sequences of play at the Gk+4vs4+Gk configuration. Moreover, this configuration provided younger players with the possibility of playing collectively, evidenced in increased players’ involvement in offensive sequences. In this perspective Aguiar et al. (2015) observed that in 4-a-side and 5-a-side SSCG formats, teams presented a higher positional occupation on field comparatively with 2-a-side and 3-a-side formats, thus suggesting that both 4-and 5-a-side configurations stimulated a more collective play style.

Additionally, U15 teams displayed better attacking effectiveness (Goal/Shots composite indicator) in PTG at Gk+3vs3+Gk than U17 teams in the same configuration. Beyond that, it is important to highlight that PTG rules stimulated attacks with shorter duration, fewer passes performed and players involved, when compared to other conditions (R-SSCG and MBPG). Also, we observed that U17 teams exhibited a higher rhythm of collective involvement at Gk+4vs4+Gk configuration and more individual contributions on ball touches and ball circulation at Gk+3vs3+Gk configuration. Thus, PTG played at Gk+3vs3+Gk configuration induced a more direct playing style, where teams tried to move forward quickly attempting to create goal-scoring opportunities through individual actions. These results are in line with those found by Folgado et al. (2012), where the authors verified that in Gk+3vs3+Gk configurations, teams composed by younger players showed a greater dispersion across the field length in relation to width, as well as an approximation between the centroids of both teams, suggesting a closer approach to the ball, which may have hampered ball-passing actions.

Information derived from the composite performance indicators allowed us to verify that U17 players presented a higher contribution to the passes exchanged in PTG played at the Gk+3vs3+Gk configuration, while U15 players participated more actively in the passes exchange in R-SSCG and MBPG played in the Gk+4vs4+Gk configuration than U17’s. This body of knowledge may suggest that U15 players and teams were more comfortable in performing ball-passing actions in R-SSCG and MBPG played at Gk+4vs4+Gk, probably because this configuration enabled a more balanced distribution of player’s on field, thus corroborating Garganta et al. (2013) and Aguiar et al. (2015) statements.

Regarding teams’ exploratory behavior, we verified that U15 teams presented a higher variability of offensive sequences that ended in a goal scored in R-SSCG played at Gk+3vs3+Gk configuration. Torrents et al. (2016) observed that players tended to explore multiple actions in tasks with higher difficulty levels (i.e., numerical disadvantage). We also observed that shots were preceded by “Running with the ball” (DPrb) in MBPG played at Gk+3vs3+Gk configuration for U15 teams, constituting a violation of the game rules, suggesting the difficulties that younger players may have faced when playing in smaller game configurations.

Therefore, we highlight that players’ age and game configuration have a significant effect on teams’ and players’ tactical performance. However, further researches are needed to carefully examine players’ skill levels within each category, to better understand their real impact on teams’ and players’ performance. Arguably, such insights will provide practitioners with important information to better organize their training sessions and/or physical education classes, and to design representative training tasks, in attempts to create an effective learning environment based on a learner-environment-centered approach.

Our results also have an important practical implication for teaching in physical education classes. Student-centered models (e.g., Sports Education, Teaching Games for Understanding, Invasion Games Competence Model) have been increasingly used to stimulate the learners’ personal and social development, also impacting on performance enhancement and learning (Farias et al., 2015). Teaching Games for Understanding (TGfU), for example, promote the learning of common principles of play in team sport games by providing students with opportunities for solving different tactical problems in different game formats, such as the principles used in this study (maintaining ball possession and progression to target) (Bunker and Thorpe, 1982; Farias et al., 2015). In this sense, the Gk+4vs4+Gk configuration, for example, might be used during learners’ first contact with soccer to emphasize the tactical problem of maintaining ball possession, without compromising the performance of the younger players/students, since smaller configurations seem to present greater difficulty to players frequently exchange passes.



The Rules as Key Task Constraints

The game rules can be understood as important informational variables that can highly constrain players and teams behaviors (e.g., tactical patterns of a team). Regarding the differences between SSCG conditions, the MBPG games promoted longer attacking sequences, with greater number of players involved, higher amount of passes performed, and greater dynamics in ball-passing exchange. Here, players participated more actively in passing sequences, intervening less on the ball, regardless of the category and the configuration involved. Therefore, we can highlight that MBPG emphasized the operational principle of maintaining ball possession, stimulating a positional attack, hence corroborating with the findings of Lizana et al. (2015) and Machado et al. (2016).

On the other hand, we verified that U15 and U17 teams showed low variability of their attacking patterns of play in the MBPG in both configurations (Gk+3vs3+Gk and Gk+4vs4+Gk). Possibly, the use of an excessive number of game rules, which may have restricted the number of players’ possibilities for action, may explain these results. Moreover, regarding the analysis of the attacking efficacy, we observed that U15 and U17 teams in both configurations (Gk+3vs3+Gk and Gk+4vs4+Gk) presented significantly lower scores compared to other conditions (i.e., R-SSCG and PTG).

Our results corroborates the findings of Serra-Olivares et al. (2016), i.e., U15 teams displayed a higher difficulty to play the MBPGs in the Gk+3vs3+Gk configuration, since the attacks that ended in shots on target (Fst) tended to be preceded by running with the ball (DPrb), which according to the definitions of SoccerEye observation tool, occurs when a player gives three or more touches on the ball in progression over the field (Barreira et al., 2012). Therefore, because in the MBPG players were only allowed to give a maximum of two touches on the ball, we verified that the U15 players did not complied with the rules proposed by this game in this specific configuration (Gk+3vs3+Gk).

Moreover, by applying MBPG to a SSCG with a small configuration, i.e., Gk+3vs3+Gk, teams composed by younger players showed greater difficulties in finding functional patterns of coordination that enable them to achieve task goals, since it was not possible to identify the offensive patterns of play that resulted in goals scored. Following this logic, Davids et al. (2001) and Headrick et al. (2015) highlighted that systems that present unstable states of organization (i.e., tactically unbalanced teams) are more likely to be influenced by the manipulation of informational variables (such as game rules). Therefore, the manipulation of game rules in training sessions that intend to emphasize a specific tactical principle of play need to be carefully rethought because of the SSCG configuration that is being used, and, of course, the players’ skill level and age. In line with this perspective, Headrick et al. (2015) highlighted that through practice players may become more resistant to the external disturbances caused by the manipulation of these informational variables. Hence, this may explain the fact that U17 teams presented slightly higher variability in attacking patterns of play regarding the MBPG played at Gk+3vs3+Gk configuration, identified by the patterns that have resulted in goals scored.

Interestingly, Torrents et al. (2016) found results that are in line with our study. In fact, they highlighted that exaggerated constraints manipulation possibly hampers the attainment of specific task goals and also restricts teams’ and players’ exploratory behavior, i.e., by reducing the realization of movement configurations, since the emergence of such coordination patterns is highly dependent on the affordances perceived by players and students from their surrounding environments (Hristovski et al., 2012; Torrents et al., 2016). Therefore, training tasks that have an excessive amount of manipulated rules may limit players’ possibilities for acting in dynamical performance environments (MBPG in this study), influencing their abilities to use specified information compatible with the accomplishment of specific tactical patterns of play, hence inhibiting exploratory behavior of players and teams to occur.

Our findings underline the importance of practitioners in manipulating these informational variables in order to design better representative tasks, i.e., that are more appropriate and adequate for players’ skill level, age category and training session’s goals. We claim that manipulating key constraints in tasks used with younger players/students, or even with players/students with low skill levels, need to stimulate players’/students’ and teams’ exploratory behavior, in an attempt to increase learners’ creativity, tactical awareness and game understanding, rather than just direct their actions to templates considered as the best and unique solutions for specific game problems.




CONCLUSION

The current study highlighted that U15 and U17 teams’ tactical behaviors seem to be influenced by SSCG configurations (Gk+3vs3+Gk and Gk+4vs4+Gk) and conditions (R-SSCG, MBPG, and PTG), however, in different ways: (a) teams composed by younger players presented greater difficulties in maintaining ball possession in games played in a smaller SSCG configuration; (b) Gk+4vs4+Gk configuration promoted a better tactical performance in the MBPG condition in teams composed by younger players; (c) Gk+3vs3+Gk configuration promoted a better offensive efficacy in PTG condition in U15 teams; (d) MBPG condition stimulated longer attacking sequences of play, with greater amount of passes performed, more players involved and higher participation of players in ball-passing exchanges; (e) the exaggerated amount of game rules manipulated in MBPG inhibited the variability of offensive patterns of play in both SSCG configurations and categories, and the U15 teams showed a greater difficulty in dealing with these rules in the Gk+3vs3+Gk configuration.

These results may furnish important information for practitioners, whether in clubs, sports initiation programs or in the school physical education contexts, such as: (a) the excessive manipulation of SSCG rules may be harmful to teams composed by younger players, inhibiting players and teams’ capacity for exploring different functional motor solutions or offensive patterns; (b) the Gk+4vs4+Gk configuration can be used to enhance teams’ tactical performance of younger players in R-SSCG and MBPG conditions; (c) the Gk+3vs3+Gk configuration can be used to enhance offensive efficacy of younger players in PTG condition; (d) Gk+4vs4+Gk configuration facilitates the game flow, allowing teams composed of younger players to exchange passes more frequently, maintaining ball possession, in SSCG with higher difficulty levels.

Therefore, it is important to highlight that practitioners need to carefully manipulate key task constraints (rules, number of players, pitch dimension, etc.), always considering players’/students’ age and skill levels, as well as tactical principles of play/objectives that coaches and/or teachers intend to emphasize and develop whether in training sessions or in schools.



DATA AVAILABILITY

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



ETHICS STATEMENT

This study was approved by the Ethics Committee for Research of the State University of Campinas (UNICAMP). Number: 2.250.881 (CAEE - 73222617.0.0000.5404).



AUTHOR CONTRIBUTIONS

JM outlined this study, collected and analyzed the data, as well as wrote and reviewed the final version of this manuscript. CP and CA collected and analyzed the data, as well as reviewed the final version of this manuscript. DB and JR technically supported the procedures regarding Lag Sequential Analysis and Performance Indicators analysis, respectively. JM and JR were responsible for statistical procedures. JGui and JGar were responsible for data interpretation and review of this manuscript. AS outlined this study, analyzed the data, and reviewed the final version of this manuscript.



FUNDING

This work was supported by the Fundação de Amparo à Pesquisa do Estado de São Paulo (FAPESP) (Process 2017/12142-5).



REFERENCES

Aguiar, M., Gonçalves, B., Botelho, G., Lemmink, K., and Sampaio, J. (2015). Footballers’ movement behaviour during 2-, 3-, 4- and 5-a-side small-sided games. J. Sports Sci. 33, 1259–1266. doi: 10.1080/02640414.2015.1022571

Almeida, C. H., Ferreira, A., and Volossovitch, A. (2013). Offensive sequences in youth soccer: effects of experience and small-sided games. J. Hum. Kinetics 36, 97–106. doi: 10.2478/hukin-2013-2010

Almeida, C. H., Ferreira, A. P., and Volossovitch, A. (2012). Manipulating task constraints in small-sided soccer games: performance analysis and practical implications. Open Sports Sci. J. 5, 174–180. doi: 10.2174/1875399x01205010174

Anguera, M. T. (1997). Metodología de la Observación en las ciencias Humanas. Madrid: Cátedra.

Aquino, R., Puggina, E. F., Alves, I., and Garganta, J. (2017). Skill-related performance in soccer: a systematic review. Hum. Move. 18, 3–24.

Barreira, D., Garganta, J., Castellano, J., and Anguera, M. T. (2013). SoccerEye: A software solution to observe and record behaviours in sport settings. Open Sports Sci. J. 6, 47–55. doi: 10.2174/1875399x01306010047

Barreira, D., Garganta, J., Prudente, J., and Anguera, M. T. (2012). Desenvolvimento e validação de um sistema de observação aplicado à fase ofensiva em Futebol: SoccerEye. Revista Portuguesa de Ciências do Desporto 12, 32–57.

Bayer, C. (1994). O ensino dos jogos Desportivos Colectivos. Paris: Vigot.

Bunker, D. J., and Thorpe, R. D. (1982). A model for the teaching of games in the secondary school. Bull. Phys. Educ. 10, 9–16.

Chow, J. Y. (2013). Nonlinear learning underpinning pedagogy: evidence, challenges, and implications. Quest 65, 469–484. doi: 10.1080/00336297.2013.807746

Chow, J. Y., and Atencio, M. (2014). Complex and nonlinear pedagogy and the implications for physical education. Sport Educ. Soc. 19, 1034–1054. doi: 10.1080/13573322.2012.728528

Chow, J. Y., Davids, K., Button, C., and Renshaw, I. (2016). Nonlinear Pedagogy in Skill Acquisition: An Introduction. New York, NY: Routledge.

Chow, J. Y., Davids, K., Renshaw, I., and Button, C. (2013). “The acquisition of movement skill in children through nonlinear pedagogy,” in Conditions of Children’s Talent Development in Sport, eds J. Côté and R. Lidor (Morgantown, WV: West Virginia University), 41–59.

Cohen, J. (1960). A coefficient of agreement for nominal scales. Educ. Psychol. Measure. 20, 37–46. doi: 10.1177/001316446002000104

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences. Hillsdale, NJ: Lawrence Erlbaum Associates.

Costa, I. T., Garganta, J., Greco, P. J., Mesquita, I., and Maia, J. (2011). Sistema de avaliação táctica no Futebol (FUT-SAT): desenvolvimento e validação preliminar. Motricidade 7, 69–84.

Davids, K., Araújo, D., Correia, V., and Vilar, L. (2013). How small-sided and conditioned games enhance acquisition of movement and decision-making skills. Exerc. Sport Sci. Rev. 41, 154–161. doi: 10.1097/JES.0b013e318292f3ec

Davids, K., Williams, A. M., Button, C., and Court, M. (2001). “An integrative modeling approach to the study of intentional movement behavior,” in Handbook of Sport Psychology, eds R. N. Singer, H. A. Hausenblas, and C. M. Janelle (New York, NY: John Wiley & Sons), 144–173.

Farias, C. F., Mesquita, I., and Hastie, P. (2015). Game performance and understanding within a hybrid sport education season. J. Teach. Phys. Educ. 34, 363–388.

Folgado, H., Lemmink, K. A. P. M., Frencken, W., and Sampaio, J. (2012). Length, width and centroid distance as measures of teams tactical performance in youth football. Eur. J. Sport Sci. 14, 487–492. doi: 10.1080/17461391.2012.730060

Fonseca, H., and Garganta, J. (2006). Futebol de Rua: Um beco com saída. Do jogo espontâneo à prática deliberada. Lisboa: visão e contextos.

Ford, P. R., Carling, C., Garces, M., Marques, M., Miguel, C., Farrant, A., et al. (2012). The developmental activities of elite soccer players aged under-16 years from Brazil, England, France, Ghana, Mexico, Portugal and Sweden. J. Sports Sci. 30, 1653–1663. doi: 10.1080/02640414.2012.701762

Ford, P. R., Ward, P., Hodges, N. J., and Williams, A. M. (2009). The role of deliberate practice and play in career progression in sport: the early engagement hypothesis. High Ability Stud. 20, 65–75. doi: 10.1080/13598130902860721

Ford, P. R., Yates, I., and Williams, A. M. (2010). An analysis of practice activities and instructional behaviours used by youth soccer coaches during practice: exploring the link between science and application. J. Sports Sci. 28, 483–495. doi: 10.1080/02640410903582750

Galatti, L. R., Reverdito, R. S., Scaglia, A. J., Paes, R. R., and Seoane, A. M. (2014). Pedagogia do Esporte: tensão na ciência e o ensino dos Jogos Esportivos Coletivos. Revista da Educação Física/UEM 25, 153–162.

Garganta, J. (2002). Competências no ensino e treino de jovens futebolistas. EF Deport. Revista Digital 8, 1–15.

Garganta, J., Guilherme, J., Barreira, D., Brito, J., and Rebelo, A. (2013). “Fundamentos e práticas para o ensino e treino do futebol,” in Jogos Desportivos Coletivos: Ensinar a jogar. Porto: Editora FADEUP, ed. F. Tavares (Porto: Editora FADEUP).

Headrick, J., Renshaw, I., Davids, K., Pinder, R. A., and Araújo, D. (2015). The dynamics of expertise acquisition in sport: the role of affective learning design. Psychol. Sport Exerc. 16, 83–90. doi: 10.1016/j.psychsport.2014.08.006

Hill-Haas, S. V., Dawson, B., Impellizzeri, F. M., and Coutts, A. J. (2011). Physiology of small-sided games training in football. Sports Med. 41, 199–220. doi: 10.2165/11539740-000000000-00000

Hristovski, R., Davids, K., Passos, P., and Araújo, D. (2012). Sport performance as a domain of creative problem solving for self-organizing performer-environment systems. Open Sports Sci. J. 5, 26–35. doi: 10.2174/1875399x01205010026

Lizana, C. J. R., Reverdito, R. S., Brenzikofer, R., Macedo, D. V., Misuta, M. S., and Scaglia, A. J. (2015). Technical and tactical soccer players’ performance in conceptual small-sided games. Motriz Revista de Educação Física 21, 312–320. doi: 10.1590/s1980-65742015000300013

Machado, J. C., Alcântara, C., Palheta, C., dos Santos, J. O. L., Barreira, D., and Scaglia, A. J. (2016). The influence of rules manipulation on offensive patterns during small-sided and conditioned games in football. Motriz Revista de Educação Física 22, 1–9.

Machado, J. C., Barreira, D., Galatti, L. R., Chow, J. Y., Garganta, J., and Scaglia, A. J. (2019). Enhancing learning in the context of street football: a case for nonlinear pedagogy. Phys. Educ. Sports Pedag. 24, 176–189. doi: 10.1080/17408989.2018.1552674

Machado, J. C., Thiengo, C., and Scaglia, A. (2017). “A formação do treinador de iniciação esportiva: o que é preciso aprender para ensinar futebol,” in Pedagogia do Esporte: Desenvolvimento de Treinadores e Atletas, eds L. R. Galatti, A. Scaglia, P. Montagner, and R. R. Paes (Campinas: Editora da Unicamp).

Ometto, L., Vasconcellos, F., Cunha, F., Teoldo, I., Souza, C. R. B., Dutra, M. B., et al. (2018). How manipulating task constraints in small-sided and conditioned games shapes emergence of individual and collective tactical behaviours in football: a systematic review. Int. J. Sports Sci. Coach. 13, 1200–1214. doi: 10.1177/1747954118769183

Pinder, R. A., Davids, K., Renshaw, I., and Araújo, D. (2011). Representative learning design and functionality of research and practice in sport. J. Sport Exer. Psychol. 33, 146–155. doi: 10.1123/jsep.33.1.146

Roca, A., Williams, A. M., and Ford, P. R. (2012). Developmental activities and the acquisition of superior anticipation and decision making in soccer players. J. Sports Sci. 30, 1643–1652. doi: 10.1080/02640414.2012.701761

Roure, C. D., and Pasco, D. (2018). The impact of learning task design on students’. situational interest in physical education. J. Teach. Phys. Educ. 37, 24–34. doi: 10.1123/jtpe.2017-0046

Scaglia, A. J. (2011). O futebol e as Brincadeiras de bola: a Família dos jogos de bola com os pés. São Paulo: Phorte.

Scaglia, A. J. (2014). “Pedagogia do futebol: construindo um currículo de formação para iniciação ao futebol em escolinhas,” in Abordagens Pedagógicas do Esporte: Modalidades Convencionais e não Convencionais, eds V. Nista-Picollo and E. Toledo (Campinas: Papirus), 16–67.

Scaglia, A. J., Reverdito, R., Leonardo, L., and Lizana, C. (2013). O ensino dos jogos esportivos coletivos: as competências essenciais e a lógica do jogo em meio ao processo de organizacional sistêmico. Movimento 19, 227–249.

Serra-Olivares, J., García López, L. M., and Calderón, A. (2016). Game-based approaches, pedagogical principles and tactical constraints: examining games modification. J. Teach. Phys. Educ. 35, 208–218. doi: 10.1123/jtpe.2015-0125

Torrents, C., Ric, A., Hristovski, R., Torres-Ronda, L., Vicente, E., and Sampaio, J. (2016). Emergence of exploratory, technical and tactical behavior in small-sided soccer games when manipulating the number of teammates and opponents. PLoS One 11:e0168866. doi: 10.1371/journal.pone.0168866

Conflict of Interest Statement: 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.

Copyright © 2019 Machado, Ribeiro, Palheta, Alcântara, Barreira, Guilherme, Garganta and Scaglia. 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.












	 
	ORIGINAL RESEARCH
published: 25 July 2019
doi: 10.3389/fpsyg.2019.01738






[image: image]

Play-by-Play Network Analysis in Football

Florian Korte*, Daniel Link, Johannes Groll and Martin Lames

Chair of Performance Analysis and Sports Informatics, Technical University of Munich, Munich, Germany

Edited by:
Daniel Vieira Barreira, University of Porto, Portugal

Reviewed by:
Hugo Borges Sarmento, University of Coimbra, Portugal
Gibson Moreira Praça, Federal University of Minas Gerais, Brazil

*Correspondence: Florian Korte, korte@cdtm.de

Specialty section: This article was submitted to Movement Science and Sport Psychology, a section of the journal Frontiers in Psychology

Received: 30 April 2019
Accepted: 12 July 2019
Published: 25 July 2019

Citation: Korte F, Link D, Groll J and Lames M (2019) Play-by-Play Network Analysis in Football. Front. Psychol. 10:1738. doi: 10.3389/fpsyg.2019.01738

This study identifies dominant and intermediary players in football by applying a play-by-play social network analysis (SNA) on 70 professional matches from the 1. and 2. German Bundesliga during the 2017/2018 season. SNA provides a quantification of the complex interaction patterns between players in team sports. So far, the individual contributions and roles of players in football have only been studied at match-level considering the overall passing of a team. In order to consider the real structure of football, a play-by-play network analysis is needed that reflects actual interplay. Moreover, a distinction between plays of certain characteristics is important to qualify different interaction phases. As it is often impossible to calculate well known network metrics such as betweenness on play-level, new adequate metrics are required. Therefore, flow betweenness is introduced as a new playmaker indicator on play-level and computed alongside flow centrality. The data on passing and the position of players was provided by the Deutsche Fußball Liga (DFL) and gathered through a semi-automatic multiple-camera tracking system. Central defenders are identified as dominant and intermediary players, however, mostly in unsuccessful plays. Offensive midfielders are most involved and defensive midfielders are the main intermediary players in successful plays. Forward are frequently involved in successful plays but show negligible playmaker status. Play-by-play network analysis facilitates a better understanding of the role of players in football interaction.
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INTRODUCTION

Football teams are described as groups that interact in a dynamic and interdependent way to achieve their common goal (Ribeiro et al., 2017). Understanding the individual role of each player in that dynamic process is highly relevant to uncover how a team operates (Vilar et al., 2013). Although collective behavior within teams is frequently linked to performance outcomes in sports, the impact of individual players on team performance requires further research (Duch et al., 2010). Therefore, identifying methods that offer a quantification of crucial players in the interaction of teams contributes to performance analysis in football.

Social network analysis (SNA) has been identified as a suitable method as it addresses the interdependencies in teams by modeling the interaction based on passes. Passos et al. (2011) describe the potential of SNA by modeling intra-team coordination as the frequent passing interaction taking place between players in team sports. Pena and Touchette (2012) and Grund (2012) build on this idea by connecting network properties to performance outcomes in football. Since then, there has been a growing body of research applying SNA by exploiting passing networks to understand the properties of team performance and the underlying individual contribution of players (Sarmento et al., 2018). The latter is of interest as each player has a specific position to play and role to accomplish in order to contribute to the common goal of winning (Bourbousson et al., 2010). The majority of research in football follows a static analysis on match-level by calculating centrality metrics based on the aggregated passing data in a match. In these studies, the contribution of players to the overall team performance is often described by counting the total number of successfully played and received passes through different degree measures (Clemente et al., 2015; Gama et al., 2015; Trequattrini et al., 2015). Moreover, the intermediary role of players to connect their team mates as bridging players by distributing the ball is frequently assessed by applying betweenness and closeness measures to the overall passing interaction between players across a match (Clemente et al., 2015, 2016a; Aquino et al., 2018; Castellano and Echeazarra, 2019).

Based on these existing studies that apply SNA in football, Ramos et al. (2018) demand a breakdown of the analysis to a play-by-play level to consider the temporal character of football. This implies that passing sequences should be evaluated separately instead of examining the aggregated passing data across a match. Moreover, they emphasize that an analysis on match-level to detect intermediary players through the application of betweenness and closeness measures assumes certain properties about interplay in football that might not be adequate, e.g., the proposition that ball flow follows the shortest paths over the graph which results from the aggregation of all passes in a match. That means that the current approaches do not actually consider the actual sequence of ball passing in order to detect players that are in fact connecting their team members through passing. Instead, the overall intensity of passing across a match is used to approximate bridging players. Third, the authors also suggest a distinction between plays of certain characteristics to ensure a qualitative component to the analysis that bridges the gap between SNA and performance outcomes and fosters the practical impact of the approach.

Some studies already tackle certain aspects of the proposition. Yamamoto and Yokoyama (2011) break down matches in time intervals to meet the temporal character of football. Pina et al. (2017) differentiate between successful and unsuccessful interaction based on aggregated passing networks during certain time intervals. Yet, these approaches do not reflect actual interplay as the analysis is built on aggregated passing data across a number of plays and hence does not consider actual interplay as it unfolds. The reason why most studies conduct an analysis on interval-level instead of play-level is due to the character of plays in football and the current limitations of SNA in sports. In a study by Tenga et al. (2010), 50% of all plays consist of two passes or less and only 20% of all plays take more than four passes. Thus, only a limited number of players are involved in individual plays and it is often not possible to calculate well known individual metrics such as betweenness or closeness on that level of analysis. Moreover, until recently, the regular availability of action feeds in professional football that enable a play-by-play network analysis was limited. In a recent study, Mclean et al. (2018) compute SNA metrics on play-level by analyzing the team interaction properties of goal scoring networks and modeling zones on the playing field as separate nodes to assess how attacks evolve across the pitch. However, there is no differentiation between successful and unsuccessful plays and no assessment of the contribution of individual players.

To summarize, previous research in football has not identified the individual contribution and especially the intermediary role of players based on a separate evaluation of passing sequences. Studies were only executed based on aggregated passing data across time intervals or the entire match. Thus, this study applies and proposes adequate metrics that quantify individual performance on play-level while connecting the results to performance variables. Moreover, a distinction between dominant and intermediary players on play-level is provided. Building on Clemente et al. (2016b), dominant players on match-level are frequently involved in interplay while intermediary players link other teammates during a match.

Following Fewell et al. (2012), flow centrality is calculated to assess the individual dominance on play-level by focusing on the overall involvement during all plays in a match. The intermediary role of players is quantified by counting the share of plays in which the players are actually in-between other teammates. The metric which we call flow betweenness considers the actual sequential pattern of passing and overcomes the issue of short plays, in terms of number of passes, at the same time. We draw a comparison of network metrics between different playing positions as the applied metrics specify and extend the characterization of roles and tasks of players in football. There is also a differentiation between successful and unsuccessful plays by using the entering of the finishing zone as a proxy for goals scored to achieve a rigorous assessment of individual contribution (Tenga et al., 2010). Additionally, the study draws a comparison to the traditional playmaker indicator of weighted betweenness which is computed at match-level. Using a correlation analysis, we can investigate the degree of similarity between flow-based and common match-level metrics and the circumstances in which the results between flow-based metrics differ.

The novelty about this study is twofold. First, it proposes the breakdown of a football match in its sequential order of passing within ball possessions in order to find actual bridging players that are in-between plays. Therefore, our contribution does not lie in the observation of changes in the pattern of interplay across a match but in the consideration of the temporal order of passes within plays to detect actual intermediate players. The second novelty is a comparison between the network metrics of different playing positions in successful and unsuccessful plays to assess their contribution to the team. We focus on the different outcomes of a play, instead of only assessing successful play outcomes such as Mclean et al. (2018) did or relating individual match-level metrics to match outcomes which accepts potential noise in the analysis. Flow-based metrics quantify the proportional prevalence or intermediary role of players in a match. They appear most fitting in a football context as they are robust to the short plays in football, allow a consideration of the temporal order of passing as proposed through flow betweenness and offer a suitable connection to performance outcomes on play-level.



MATERIALS AND METHODS


Samples

A total of 70 matches between 35 professional male football teams from the 1. and 2. German Bundesliga were analyzed during the 2017/2018 season. Matches were randomly selected from a pool and, on average, teams were present in four matches with no repetition of any encounter. The final sample consists of 24,990 passes captured in 5409 plays.



Procedure

The focus of this study lies on an analysis at play-level. This means that interplay in each ball possession is examined separately instead of evaluating an aggregated passing matrix at match-level. The data was provided by the Deutsche Fußball Liga (DFL). It contains positional data for each player and the ball, which was collected by the multiple-camera tracking system TRACAB® operating at 25 Hz. The validity and reliability of the system was secured in an independent study (Linke et al., 2019). Action feeds including information on passing were also provided and their reliability secured by the DFL. Definitions and validation procedures can be found in the DFL definitions catalog for official match data (2014). Twenty-eight percent of the original data is dropped in the cleaning process providing 8897 plays that clearly identified each ball possession and player involved. In order to conduct our analysis, we capture each play in a two-dimensional passing array consisting of the players in possession of the ball and an index reflecting the sequential order of the ball passing during the play. We also build a corresponding adjacency matrix for each play which are then aggregated across a match to calculate the traditional playmaker indicator on match-level. Figure 1 provides an example of a passing sequence with its corresponding passing array and adjacency matrix. For the purpose of our study, the final sample (61% of all plays) focuses on plays of at least two completed passes (the minimum play size for having an intermediate player).


[image: image]

FIGURE 1. Example of a passing sequence with its corresponding passing array and adjacency matrix.



We categorize a possession as successful when a team enters the finishing zone, which is a common proxy for goals scored (Tenga et al., 2010). This category includes all plays of at least two passes that lead to entering the finishing zone and sequences are captured until the moment of success (Pina et al., 2017). A play is declared as unsuccessful if ball possession is lost by any means before entering the zone. Neutral plays already start in the finishing zone or consist of set-plays directly entering it. The possession outcome was classified combining the positional data provided for each player and the ball with the information on the standardized pitch sizes in the German Bundesliga and dimensions of the finishing zone as defined by Tenga et al. (2010). The information jointly enabled an automatic evaluation on whether the player in ball possession entered the finishing zone or whether a successful pass was played to a teammate in that designated area. That way, we could also detect whether a possession starts in the finishing zone in order to declare it as neutral. This leads to 21.5% successful plays, 74.5% are declared unsuccessful and a remainder consisting of 4% in neutral plays.

Playing positions are tracked to facilitate an evaluation of the individual contribution of players in our study. Multiple players may be assigned to the same tactical position. Average metric values are reported to evaluate the performance of the playing positions in this case. The final classification is in line with previous studies focusing on players in football (Clemente and Martins, 2017; Korte and Lames, 2018). We codify the following seven playing positions according to the definitions catalog for official match data provided by the DFL (2014): (i) goalkeeper (GK); (ii) central defender (CD); (iii) external defender (ED); (iv) central defensive midfielder (CDM); (v) external midfielder (EM); (vi) central offensive midfielder (COM); and (vii) forward (F). Substitutions are handled through a reassignment of playing positions according to the DFL data provided. By codifying playing positions, in comparison to specific player tracking, there is no need to standardize the obtained values according to time on the field (Praça et al., 2019).



Network Metrics

The analysis was carried out using the Python package NetworkX® and the software libraries pandas and NumPy. A set of individual metrics was computed to achieve a quantification of the contribution of playing positions in a team’s interplay. By calculating flow centrality, a concept first introduced in basketball by Fewell et al. (2012), we capture the involvement of each playing position in all plays across a match. Building on this metric and random-walk betweenness by Newman (2005), we also compute a new metric called flow betweenness. For comparison purposes, we also calculate weighted betweenness scores for each playing position based on the aggregated passing data across a match. Whereas the two play-level metrics model pass interactions as walks, the weighted betweenness computation is based on the concept of shortest paths to evaluate the intermediary role of players (Ramos et al., 2018).


Flow Centrality

For each player, flow centrality measures the fraction of plays (or attack units) that it is involved in at least once relative to all plays by its team. Thus, an indication on the overall involvement of all playing positions across a match is provided. Following Fewell et al. (2012), flow centrality index, CFC(ni), for player i is calculated as,
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where M denotes the total number of plays by a team in a match and pk(ni) denotes the k-th play in which ni is part of at least once. By construction, flow centrality values are bounded between 0 and 1. The extreme value of 0 signals that a player was not part of any play in terms of passing or receiving the ball. A value of 1 means that a player was at least involved once in every play of its team during the match. Any flow centrality value in between can be interpreted as the proportion of plays that a player was involved in relative to all plays by its team.



Flow Betweenness

For each player, flow betweenness measures the fraction of plays in which it functions as an intermediary player relative to all plays by its team. We define a player as intermediate in a play if it actually functions as a bridging player in terms of passing between any other two players. Flow betweenness index, CFB(ni), for player i is calculated as,

[image: image]

where M denotes the total number of plays by a team in a match and bk(ni) denotes the k-th play in which ni is functioning as an intermediary player. In contrast to CFC, which only tracks involvement, CFB considers the actual passing sequence of a play to track whether a player is positioned in between a sequence to function as a bridging unit. Flow betweenness values are also bounded between 0 and 1. Values of 0 signal that a player did not once receive the ball by a teammate and successfully passed it on to another teammate in any play during a match. A value of 1 means that a player received and passed on the ball at least once in every play of its team. Values in between the extreme values are again the proportion of plays that a player functioned in as a bridging unit relative to all plays by its team.

While being in-between always implies being involved in a play, the reversal is not true. Initiating or being at the end of a play implies that a player is involved but not in-between a ball possession. Therefore, the flow centrality value of a player in a match is always at least as high as its corresponding flow betweenness value.



Weighted Betweenness

Weighted betweenness assesses how often a player is in-between any other two players of its team measured by their strongest passing connections across a match. Thus, its betweenness character is built on aggregated match data and does not necessarily imply that the player functioned as a bridging unit within plays. It is often used as a playmaker indicator (Pena and Touchette, 2012; Clemente and Martins, 2017). The weighted betweenness index, CWB(ni), for player i is calculated as,
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where [image: image] is the number of strongest passing connections via player i from players j to k and gjk the total number of strongest passing connections between players j and k. The values of weighted betweenness are bounded between 0 and 1 reflecting the proportion of strongest passing connections between any two players in the network that lead via a particular player.




Statistical Procedures

Data were analyzed for normality using Shapiro–Wilk tests. Since only 40% of data was normally distributed, non-parametric statistical analyses were used.

For both play-level metrics, multiple Kruskal–Wallis H test are executed to test for statistical differences between playing positions for the entire sample.

In order to differentiate between successful and unsuccessful plays, we apply Kruskal–Wallis H tests on two separate samples, filtering for successful and unsuccessful plays accordingly, to detect differences in play-level metrics between playing positions. Moreover, multiple Mann–Whitney U tests are conducted for each playing position to investigate statistical differences in metrics between the different play outcomes.

As the share of successful plays is severely higher in plays starting from the opponent’s half than from the own half of a team (28.3–16.8%), we suspect the starting half to be a moderator variable that could partly influence differences in involvement in successful against unsuccessful plays across playing positions. Hence, the same procedure to differentiate between successful and unsuccessful plays is repeated focusing on plays starting from a team’s own half. For each approach, Dunn-Bonferroni post-hoc tests offer pairwise comparisons between groups, respectively.

Our statistical analysis is conducted at a 5% significance level. Following Ferguson (2009) and Cohen (2008), non-parametric estimates of η2 are reported to interpret the effect size according to the following criteria: no effect (η2 < 0.04); small effect (0.04≤η2 < 0.25); moderate effect (0.25≤η2 < 0.64); strong effect (η2≥0.64). Ninety percentage confidence intervals for η2 are calculated following Hopkins (2017).

To assess the relationship between the network metrics, a correlation analysis is carried out across the sample. First, the Pearson correlation coefficients between CFC (CFB) and CWB are calculated, respectively to evaluate the association between metrics conducted on play-level and match-level. Second, the Pearson correlation coefficient between CFC and CFB is computed to assess differences between the two metrics. By construction of CFB, we expect the metric to be dependent on the number of passes per play. Therefore, coefficients for three subsets are calculated, following Tenga et al. (2010): (i) matches with on average less than three passes per play; (ii) matches with three to five passes per play; and (iii) matches with more than five passes per play. The strength of the correlation is assessed according to the following guide by Evans (1996): moderate (0.40≤r < 0.60); strong (0.60≤r < 0.80); very strong (0.80≤r < 1.0). Ninety-five percentage confidence intervals for r are calculated following Hopkins (2017).




RESULTS


General Analysis

We find significant differences between playing positions for (p < 0.001;η2 = 0.23,CI[0.12,0.34],smalleffect) and CFB(p < 0.001;η2 = 0.34,CI[0.17,0.51], moderate effect). Figure 2 shows that CDs are significantly more involved (47% of all plays) and also function more often as intermediators (28%) in a match than any other tactical position. Fs are least involved in plays (28%) and take on an intermediary role in 13% of all attack units. By definition of the metrics, the CFB value is lower for each playing position than its corresponding CFC value. The largest difference between both metrics is reported for the GK.
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FIGURE 2. Mean results of flow-based metrics by playing position.





Success Analysis

Table 1 presents the results of the Kruskal–Wallis H tests for CFC and CFB differentiating between successful and unsuccessful plays of the overall sample and focusing on plays starting from a team’s own half. All eight tests reveal statistically significant differences between playing positions for the respective subsample with varying effect sizes.

TABLE 1. Kruskal–Wallis H test results for playing position comparison per play outcome.
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Table 2 presents the results of the Mann–Whitney U tests for each flow-based metric, playing position and differentiating also between the overall sample and focusing on plays starting from a team’s own half. Apart from the ED position, the tests reveal significant differences between successful and unsuccessful plays in terms of CFC and CFB for all other playing positions. However, some effect sizes are small to negligible.

TABLE 2. Mann–Whitney U test results for play outcome comparison per playing position.
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In general, offensive positions (EMs, COMs, Fs) are significantly more involved in successful than in unsuccessful plays, whereas defensive positions (GK, CDs) are significantly less involved in successful plays. The CFC and CFB values per playing position for each play outcome and the results of the post-hoc tests can be taken from Table 3. COMs have the highest involvement in successful plays (50%) while GK take only part in 17% of all successful plays. CDs are not only most prevalent in unsuccessful plays (51%), followed by GK and EDs, but are also in-between most unsuccessful plays (37%). In contrast, CDMs are the leading intermediary players (32% of all successful plays), while GK and Fs have the lowest values in this category.

TABLE 3. Descriptive statistics and post-hoc results of CFC and CFB.
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Figure 2 shows that the difference between both metric scores is increasing as more offensive the playing position is on the pitch for successful plays. Moreover, while defenders and defensive midfielders are functioning as bridging players in 70–75% of all plays they are involved in, the shares for GK and Fs are only 40–50%.

Focusing on plays starting in the own half of a team, the difference of involvement and the intermediary role between successful and unsuccessful plays is reported smaller for defensive positions in comparison to the results of all plays. This indicates that the significantly large gap is moderated by the starting half of a play. In comparison to the analysis on all plays, EMs are most involved in successful plays starting from its team’s own half and come level with the intermediary player values of the other midfield positions.



Correlation Analysis

The Pearson correlation coefficients between each flow-based metric and the weighted betweenness scores on match-level indicate a strong positive relationship for CFC (r = 0.68;CI[0.64, 0.72];p < 0.001) and for CFB (r = 0.67;CI[0.63, 0.71];p < 0.001). The correlation coefficient between the involvement and intermediary metric on play-level indicates a very strong positive relationship at first sight (r = 0.89;CI[0.87, 0.90];p < 0.001). However, the correlation strength depends on the average number of passes in plays during a match. Whereas we find a very strong positive relationship in matches with more than five passes on average per play (r = 0.95;CI[0.93, 0.96];p < 0.001) and also in matches with three to five passes per play (r = 0.86;CI[0.84, 0.88];p < 0.001), there is only a moderate positive relationship in matches with less than three passes per play (r = 0.56;CI[0.38, 0.70];p < 0.001).




DISCUSSION

The study reveals statistical significance between playing positions in successful and unsuccessful plays in football with regard to flow centrality and the newly introduced flow betweenness. Moreover, for the majority of playing positions there are significant differences between play outcomes with regard to both flow-based metrics. Effect sizes found were small to moderate with regard to playing positions and mostly small in terms of play outcomes.

Overall involvement and the frequency of being an intermediary player is lower in successful than unsuccessful plays for defensive playing positions and the other way around for offensive positions. This turns out to be partly moderated by the origin of play on the pitch, which is incident to differences in success probability. Besides, the results offer first insights into the differences between dominant and intermediary players in football measured by the two play-level metrics.

While our analysis presents CDs as the most involved and intermediary playing position, most studies traditionally ascribe midfielders the most dominant and intermediary role in football (Cotta et al., 2013; Clemente et al., 2015, 2016b). There is also literature that positions forward (Clemente et al., 2016a) and EDs (Gama et al., 2014) as intermediary players. There are multiple reasons why our results differ from past studies aside from the fact that a different sample was considered.

First, involvement (or dominance) in interplay in football is often measured by the number of successfully played and received passes in a match in form of weighted in-degree and weighted out-degree (Clemente et al., 2016a). However, there is no information on whether the passes occurred in a limited amount of longer plays, in terms of number of passes, or frequently across a match. This implies that players with high flow centrality do not necessarily play and receive most passes during a match but are most frequently part of plays across an entire match. Therefore, the match-level metrics measure the share in a team’s total passing while the play-level metric evaluates the prevalence in plays across a match.

Second, intermediary players in football, often referred to as playmakers, have formerly been determined by how often they are on average the strongest connector between the other players based on the aggregated passing data of a match (Trequattrini et al., 2015; Arriaza-Ardiles et al., 2018). However, that does not imply that the player frequently distributed the ball between other players. In an extreme scenario, a midfielder who frequently loses a ball received by defenders and frequently wins balls from the opponent and passes it to forward positions is identified as a bridging player without ever actually connecting defense and offense during a play. Flow betweenness detects how often a player is actually in-between two other players during a play and is in fact acting as an intermediary player.

Following Fewell et al. (2012) and Ramos et al. (2018), an evaluation based on the involvement in plays, however, becomes considerably more useful when making a distinction between plays with certain characteristics. While CDs appear to be the dominant and intermediary players, the majority of plays they are part of do not enter the finishing zone. In contrast, COMs are most often part of successful plays and CDM is the most intermediary position in these situations. In general, defensive playing positions show a higher involvement in unsuccessful than successful plays. Focusing solely on plays that originate in the own half of a team offsets that difference to a certain extent. Similar to previous studies (Tenga et al., 2010; Mclean et al., 2018), the share of successful plays was higher for plays starting in the opposite half and, thus, involved more offensive playing positions. The analysis on plays starting in the own half of a team partly neutralized this imbalance. This is reflected in the small to negligible effect sizes obtained when evaluating the differences in flow-based metrics between playing positions focusing on successful plays starting from the own half. Moreover, the effect sizes for differences between successful and unsuccessful plays decreases for defensive playing positions. Apart from that, the analysis provides an insight into how attacks from a team’s own half are most frequently structured. The increased metric values of the EM position in contrast to the analysis on the total sample suggest that plays were frequently build via wing positions. Therefore, the approach of subdividing the sample into different types of plays with different outcomes provides a certain quality to the analysis that goes beyond pure prevalence in plays by offering a richer insight into the structure of plays in different contexts.

The distinction between being involved and acting as an intermediary player is recognizable when focusing the analysis on successful plays. From a pure descriptive perspective, the more offensive the playing position is located on the pitch the higher its difference between the two play-level metrics. Offensive players such as forward are often involved in successful plays, however, not in order to distribute the ball but rather to take on the role of finishing attacks. While the absolute difference between the flow-based metrics for GKs might be small, the share of plays in which they function in-between others measured against all plays they are involved in is quite low. Their task is often that of an initiator of plays rather than being a bridging player. Therefore, their intermediary status is relatively low. In contrast, CDMs are similarly often involved in successful plays as forward but have a substantially higher share of incidences in which they function as a bridging player at the same time.

The correlation analysis underlines the insights of our study, especially that (i) different results on playmakers in football might be obtained when substituting match-level with play-level metrics and (ii) a distinction between play-level metrics is necessary as they emphasize different tasks among playing positions. Ramos et al. (2018) first suggested that flow centrality might be a suitable playmaker indicator that highlights intermediary players on play-level to replace the average-based analysis provided by weighted betweenness on match-level. However, the relationship between both metrics does not suggest that the same matter is measured.

Differences between values of flow centrality and flow betweenness for playing positions are also confirmed in the correlation analysis. The overestimated intermediary role of players when simply looking at involvement instead of their in-between positioning in plays is connected with the average number of passes in plays. Shorter plays offer less situations for players to be in-between plays and, thus, a sole involvement measure might exaggerate the intermediary task of a player. Hence, flow betweenness might be a more adequate playmaker indicator.

In general, the play-by-play network analysis approach allows a more contextualized performance analysis as the role of players in passing sequences of different characteristics can be evaluated separately. Barreira et al. (2015) find that team dynamics are influenced by situational variables such as match status and halves of the match. Controlling for such variables can offer a better understanding of the involvement and intermediary role of players in specific play situations.

Our study also faces some limitations that should be addressed. First, the sample only originates from two professional football leagues and, therefore, the generalizability of our results might be limited. The concern is partly offset by the findings of Mclean et al. (2017) who do not detect significant differences in passing networks between the 2016 European football championships and COPA America football championships.

Second, the determination of playing positions might contrast the less static interpretation of roles in modern football. As we break down the analysis to individual plays, the fixed assignment of positions across a match is even more challenging. We acknowledge the occupation of different areas on the pitch and fulfilling a variety of tasks as part of the role repertoire of playing positions (Korte and Lames, 2018). Hence, the spread in metric values of some playing positions might be ascribed to the mixed role interpretation of players. However, we should stress that playing positions might be interpreted differently not only across matches but also during different phases of a match depending on the specific constraints that players face. This was not considered in the present study.

Third, this study only focuses on plays with at least two completed passes to offer a calculation of flow betweenness across all plays. A study including plays with only one pass would increase the difference between flow centrality and flow betweenness simply because it offers no in-between situations for players. In fact, the correlation coefficient between both metrics greatly decreases (r = 0.69) when adding plays with only one pass to the analysis. However, the weakened relationship based on plays of any length also validates the introduction of a new playmaker indicator to reflect the real structure of football on a play-by-play level.

Moreover, it should be stressed that the comparison between successful and unsuccessful plays per playing position could be partly confounded by the cutoff of the passing sequences once the finishing zone is entered. Successful plays continued on average for 0.5 passes after the outcome determination. However, a separate analysis based on the entire passing sequences shows that a wider gap in play involvement between successful and unsuccessful plays for COMs and Fs is the only substantial change.

In addition, the opponent’s strength and especially defensive actions were not considered in this study, which could potentially have an impact on the involvement of certain playing positions. Focusing on the attacking side, it should be mentioned that we did not concentrate on identifying different game styles but rather aimed at emphasizing the different roles and contributions of playing positions.



CONCLUSION

This is the first study that performs a play-by-play network analysis in football differentiating between plays of certain characteristics. Moreover, a novel metric is introduced to assess playmakers on play-level as an alternative or extension to flow centrality. Only a limited connection with traditional playmaker indicators on match-level can be detected. Hence, it offers new insights and a better understanding of the roles of playing positions during plays in football.

Central defenders are identified as dominant and intermediary players, however, mostly in unsuccessful plays. COMs are most involved and CDMs function mostly as intermediary players in successful attacks. Fs are frequently involved in successful plays but take on a minor intermediary role.

The practical impact of this study is twofold. First, a playmaker indicator that focuses on actual passing sequences rather than averages across a game was applied to adequately reflect interplay in football. Second, the study provides a more sophisticated understanding of the involvement and role of players in different play situations. Apart from considering play outcome, the play-by-play network analysis approach allows the inclusion of additional situational variables that are relevant to performance in football. The insights and approach of this study could be used and applied in practical performance analysis. By tracking specific players rather than playing positions, clubs can gain a better understanding of the involvement and intermediary role of their individual players in the interplay of the team.

Future studies should continuously focus on developing new SNA-metrics that reflect actual interplay and study the impact of the opponent team on the interaction of the team in ball possession. Moreover, position-specific performance indicators could complement the current play-level approach that solely focuses on whether the finishing zone was reached.
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The purpose of this study is twofold: (i) analyze the variations of network centralities between close (difference of goals equal to one) and unbalanced (difference of goals equal to or greater than two) scores; and (ii) compare the centrality levels between playing positions. The passing sequences that occurred during the 64 matches played by the 32 national teams that participated in the 2018 FIFA World Cup were analyzed and coded. The network centralities of degree prestige and degree centrality were calculated based on the weighted adjacency matrices built from the passing sequences. The results reveal that higher degree centralities of midfielders occurred in unfavorable (lost) unbalanced scores (p = 0.046; ES (effect size) = 0.472). Moreover, in favorable (won) matches the higher values of degree centrality of central defenders (p = 0.014; ES: 0.458) and defensive midfielders (p = 0.004; ES: 0.715) were also found in unbalanced scores. The comparisons between positions revealed that the highest and significant degree prestige levels were found in defensive midfielders in both close (12.10%) and unbalanced scores (10.95%). In conclusion, it is possible to observe that winning by an unbalanced score significantly increased the centrality levels of the wingers and forwards in comparison to close scores. Moreover, it was also found that independent of the final score or the unbalanced score level, the defensive midfielders were the most prominent or recruited players during the passing sequences.

Keywords: graph theory, social network analysis, observational analysis, association football, performance analysis, notational analysis


INTRODUCTION

The game of soccer allows the observation of two main types of relationships: (i) a network process between teammates aiming to synchronize the different individual behaviors and optimize the collective organization of the team; and (ii) a rapport of strength, that results from the interactions between two teams to beat each other in a dynamic system (Gréhaigne et al., 2011). Both relationships can be observed, analyzed and interpreted using different types of methodological approaches and using distinct techniques (Sarmento et al., 2017). Thus, the systematic observation may provide qualitative and/or quantitative information helping to build a deep understanding about the game and the intrinsic dynamics (Barreira et al., 2014; Sarmento et al., 2014).

Usually in match analyses conducted on soccer, there is a strong tendency to code, collect and report evidence about the variation of different performance indicators (e.g., successful passes, shots, recoveries) between different contextual factors (e.g., match status, location of the match, competitive level of the opponents, zone of the actions) (Lago-Peñas and Lago-Ballesteros, 2011; Tenga et al., 2017). However, some other performance indicators, such as tactical behavior (Barreira et al., 2013) or collective patterns based on position data (Clemente et al., 2017; Memmert et al., 2017), can be analyzed based on different contextual factors. Each derived piece of information presents its strong and weak points, i.e., the performance indicators based on notational analysis provide important information about the final outcomes of the match, although without considering the mechanisms and processes that justified such outcomes (Vilar et al., 2012). On the other hand, the observational analysis that allows the determination of the tactical behaviors and the position data analysis that provides information about the collective patterns of interactions also present limitations in establishing a connection between the behavior and the final outcome. For that reason, all the approaches present possibilities and threats.

In a mixed approach, the social network analysis (SNA) applied to team sports has proposed a new way to interpret the outcomes of the match (Duch et al., 2010; Grund, 2012). The process is clearly based on traditional notational analysis, however, allows computing and quantifying the interactions between teammates in order to extract some interpretation of how the nodes (players) are connected (Mclean et al., 2018). Despite having critics, namely because the SNA does not consider the spatio-temporal relationship or the tactical behavior associated, this method can provide interesting information about the overall relationship of the teammates in specific circumstances or contextual scenarios. The SNA applied to team sports follows the original principle of determining networks: nodes (players) connected by edges (a performance indicator) (Clemente et al., 2016b).

Using the pass as the linkage indicator in the network (i.e., edges) it has been possible to identify some evidence about the centrality levels of players during soccer matches (Duch et al., 2010; Peña and Touchette, 2012; Clemente et al., 2015b). In the case of an analysis carried out during the 2014 FIFA World Cup, it was possible to conclude that midfielders were the most prominent players in the interactions between teammates during passing sequences (Clemente et al., 2015b). Similar evidence was found in the study conducted on 2010 FIFA World Cup, also reporting that external and central defenders presented greater levels of prominence than forwards during the passing sequences (Peña and Touchette, 2012). Naturally, this evidence reported on both FIFA World Cups (2010 and 2014) were extracted from all passing sequences. However, in the specific case of passing sequences that resulted in goals or shots it was possible to observe that the forwards presented the greatest levels of network centralities (Clemente et al., 2016a). Moreover, in another analysis that characterizes only the passing sequences during counter-attack, the great prominence of forward players in comparison to defenders was observed (Malta and Travassos, 2014), thus suggesting that the network centralities are dependent on the context and the type of analysis conducted.

Considering the type of analysis, there is a lack of evidence about the influence of specific contextual factors in the studies that compared the network centrality levels of playing positions, namely considering the winning/losing factor and, most of all, the balance levels of the final scores. As one of the well-known contextual factors that may lead to different tactical behaviors and interactional processes between teammates, we hypothesize that network centralities may be different based on distinct contextual factors. Taking this rationale in mind, the unique study that tested the network levels between close scores (difference of one goal) and unbalanced scores (difference of two or more goals) revealed that the dyadic reciprocity levels of the players increased in winners during unbalanced matches and that total arcs and density were slightly greater in winners of close matches (Clemente, 2018). Those measures were related with general properties of the network and did not provide information about the influence of such contextual factors in the variations of centralities between playing positions. However, a better understanding about the mechanisms that may influence the prominence levels (centralities) of the players is required, mainly to identify if some patterns of interactions are sensitive to great fluctuations in the match score. Based on those reasons, the aim of this study were twofold: (i) analyze the variations of network centralities between close (difference of goals equal to one) and unbalanced (difference of goals equal to or greater than two) scores; and (ii) compare the centrality levels between playing positions. We hypothesize that network centralities will be different between the types of scores and that forward players will increase in centrality during the won matches in unbalanced conditions.



MATERIALS AND METHODS


Sample

This study coded the passing sequences of the 64 matches of the 2018 FIFA World Cup. Therefore, all the 32 national teams were observed and included in the analysis process. The passing sequences were coded and included in the analysis after testing the intra- and inter-reliability level of the expert observers. The weighted adjacency matrices built based on the passing sequences were then treated for the subsequent network analysis.



Ethics Statement

The study was approved by the local ethical committee (Polytechnic Institute of Viana do Castelo, School of Sport and Leisure) with the code IPVC-ESDL09052018. There is no contact or intervention with the players and the process was exclusively made based on observation.



Study Design

This study followed a cross-sectional observational design. All the passing sequences made by each team during each entire match of the 2018 FIFA World Cup were observed, coded and transformed in weighted adjacency matrices. Those matrices were then treated and the degree prestige and degree centrality (network measures) were calculated considering the playing positions of the players: (i) goalkeeper (GK); (ii) external defenders (ED), players that act as defenders in the side of the field; (iii) central defenders (CD), players that acts as defenders in the central region of the field; (iv) defensive midfielders (DMF), players that acts as midfielders in a region closer to the central defenders; (v) midfielders (MF), players that acts in the middle of the field linking the defensive and attacking players; (vi) wingers (W), players that act in forward and side regions; and (vii) forwards (FW), players that acts in the middle of attacking regions. The variations of degree prestige and centrality between playing positions were tested considering the unbalance level of the final score. Based on such options, we have excluded the draw situations that did not provide the same score (losing or winning) that can be comparable between unbalanced and balanced games. The matches with a final score difference of one goal were considered close scores and those with two goals or more of difference as unbalanced scores. The classification of balanced vs. unbalanced score was exclusively made considering the final score (end of the match). This definition of balanced vs. unbalanced score was used in a previous study on soccer (Clemente, 2018).



Observation, Data Codification and Production of Weighted Adjacency Matrices

Two expert observers (sport scientists with more than 5 years of experience on soccer) were recruited to observe and code the passing sequences of all matches of the 2018 FIFA World Cup. All the successful passes between two teammates were considered to include in the sample. Those observers were tested for their reliability levels following a pre-post pilot study design using a total of seven matches of the competition (10.94% of the all matches). The pre-post analysis was interspaced by a 20-day interval period aiming to test the reliability level of the observers. The process was made before the full-data being collected, aiming to ensure the desirable level of reliability. The results obtained from the pilot study revealed an average of intra-class correlation level of 0.97 (excellent reliability) for the case of intra-observer analysis and an average of 0.91 (excellent reliability) for the case of inter-observer analysis. The values obtained revealed that the reliability level of the observers was enough to follow through with the data collection (Koo and Li, 2016).

After confirmation of the reliability level of the observers to code the passes between teammates, all the matches were observed, coded and treated following a network analysis process. The players were first coded by the playing position in the pitch and even in the case of replacements or changes during the match, the aim was to analyze the centrality levels of positions and not the specific players (Clemente et al., 2015b; Mendes et al., 2018).

Each passing sequence was converted in a weighted adjacency matrix (Figure 1). The passing sequence was considered by the uninterrupted sequence of passes between teammates with a minimum number of passes of two and with an undefined maximum (Clemente et al., 2015a). The passing sequence stopped in the case of a lost ball (caused by a recovery or interception of the opponents, loss of control, fault or a shot). The number of passing sequences per team varied from 52 to 103 during the matches. The direction and number of passes between playing positions were defined as the criteria to build the weighted adjacency matrix. Therefore, a pass from player A to player B was different from a pass from player B to player A (direction was considered). Moreover, the number of passes in the same direction was also considered. Thus, weighted digraphs were created based on this approach. The sum of all passing sequences during the match resulted in a final weighted adjacency matrix of that match. The specific methodology followed previous works in the field of network analysis on soccer match analysis (Clemente et al., 2015a, 2016c). Only the regular time of the match was analyzed, thus no extra-time (in the case of draws) was included. The weighted adjacency matrices were standardized based on the time of the players on the pitch.
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FIGURE 1. Example of codification and building of a weighted adjacency matrix.





Network Analysis

The weighted adjacency matrices of all matches were imported into Social Network Visualizer software (version 2.4., Dimitris Kalamaras, Greece). This free software allows converting weighted adjacency matrices into networks and calculating the centrality levels of the nodes (players). For this study, the calculation of the standardized degree prestige and degree centrality was made.


Degree Prestige

This network measure quantifies the inbound links that a specific player received from his teammates (Clemente et al., 2016c) and, for that reason, a higher level of degree prestige means that the player is more often engaged by his teammates to participate in the passing sequences. The standardized value of degree prestige (DP’) was multiplied by 100 to have the final relative DP (DP%). The algorithm can be observed in previous works (Clemente et al., 2016c):
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in which aji can be considered the elements of the weighted adjacency matrix of a G with a ni as vertex.



Degree Centrality

The network measure of degree centrality represents the overall level of connection of a player with the teammates, considering the number of outbounds, thus a higher level of degree centrality suggests that the player contributed more often to the passing sequence by executing more passes (Clemente et al., 2015b). The standardized degree centrality (DC’) was multiplied by 100 to have the final relative DC (DC%). The algorithm can be observed in previous works (Clemente et al., 2016c):
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in which aji can be considered the elements of the weighted adjacency matrix of a G with a ni as vertex




Statistical Procedures

The data was presented in form of text, tables and figures with means and the standard deviation (SD). The variations of centralities between playing positions (GK, ED, CD, DMF, MF, W and FW) and type of final score (close or unbalanced scores) were tested with a univariate MANOVA and one-way ANOVA with Tukey HSD post hoc test after confirmation of the normality and homogeneity assumptions of the sample. The partial eta squared tested the effect size (ES) of the univariate MANOVA. The statistical procedures were executed in the SPSS (version 24.0, IBM Statistics, United States) for a p-value < 0.05. Moreover, the Cohen d tested the ES of the pairwise comparisons between playing positions. The following scale was used to determine the magnitude of ES for the case of Cohen d (Batterham and Hopkins, 2006): 0.0−0.2, trivial effect; 0.2−0.6, small effect; 0.6−1.2, moderate effect; 1.2−2.0, large effect; and >2.0, very large effect.




RESULTS


Close vs. Unbalanced Scores

The univariate MANOVA tested the interactions between factors revealing significant interactions in the pair difference of goals*playing position (p = 0.001; ES: 0.028) and final score*playing position (p = 0.008; ES: 0.20) for the case of degree prestige, however, no significant interaction were found in the pair difference of goals* final score (p = 0.775; ES: 0.000). In the case of degree centrality were found significant interactions in the pairs difference of goals*playing position (p = 0.001; ES: 0.029) and final score*playing position (p = 0.036; ES: 0.016), however, no significant interactions were found in the pair differences of goals*final score (p = 0.561; ES: 0.000).

Comparisons of network centralities within playing positions and between close and unbalanced scores can be observed in Table 1. It was observed that in lost matches the degree centrality of midfielders was higher in unbalanced scores than in close (difference in means (dif): 1.68; p = 0.046; ES = 0.472, small effect). In won matches it was observed that the degree centralities were higher in close scores for the cases of central defenders (dif: 1.59; p = 0.014; ES: 0.458, small effect) and defensive midfielders (dif: 2.51; p = 0.004; ES: 0.715, moderate effect). Similar evidence was found for the case of degree prestige in central defenders (dif: 1.40; p = 0.028; ES: 0.409, small effect) and defensive midfielders (dif: 2.28; p = 0.006; ES: 0.691, moderate effect). On the other hand, a significant increase of degree centralities in unbalanced scores among wingers (dif: 2.01; p = 0.002; ES: 0.650, moderate effect) and forwards (dif: 1.30; p = 0.030; ES: 0.524, small effect) was also observed in won matches. The degree prestige also increased in midfielders in the case unbalanced scores (dif: 1.48; p = 0.014; ES: 0.526, small effect).

TABLE 1. Descriptive statistics of network centralities between playing positions in won and lost contexts split by close and unbalanced final scores.
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Differences Between Positions

Descriptive statistics of network measures between playing positions in the case of close and unbalanced scores were tested (Figure 2).
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FIGURE 2. Descriptive statistics (mean and standard deviation) of degree prestige (DC) and degree centrality (DC) in close and unbalanced scores between playing positions. ED: external defender; CD: central defender; DMF: defensive midfielder; MF: midfielder; W: winger; FW: forward.



Comparisons between positions revealed that the highest degree prestige levels were found in defensive midfielders in both close (12.10%) and unbalanced scores (10.95%). On the other hand, the forwards presented the lowest degree prestige in both close (6.41%) and unbalanced scores (7.06%). However, as can be observed in Table 2, the magnitude (ES) of differences between playing positions decreased from close to unbalanced matches (Table 2).

TABLE 2. Differences of degree prestige between playing positions in the cases of close and unbalanced scores.
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The greatest degree of centrality levels were verified in defensive midfielders in both close (13.45%) and unbalanced matches (12.08%). On the other hand, the lowest degree centralities were observed in forwards in both close (4.60%) and unbalanced matches (5.12%). However, similarly to the case of degree prestige, the magnitude of changes between playing positions decreased from close to unbalanced matches (Table 3).

TABLE 3. Differences of degree centrality between playing positions in the cases of close and unbalanced scores.
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DISCUSSION

The network centralities allows to better identify the prominence of each player in the passing sequences of a team, namely considering the direction and weight of the passes (Cintia et al., 2015). In the present study it was observed that the prominence levels of specific playing positions are relatively stable (with very few exceptions) independent of the type of score and the unbalanced level of the scores.

The first purpose of the study was to analyze the variations of centrality levels between favorable and unfavorable close and unbalanced scores within playing positions. The results revealed that in unfavorable results (lost) only the external defenders and defensive midfielders presented meaningful small increases of prominence levels in unbalanced matches, however, the remaining playing positions did not meaningfully change the prominence levels. In the other hand, in favorable (won) results there was two main type of evidence: (a) central defenders and defensive midfielders had meaningful greater values of degree prestige and degree centrality in close scores; (b) midfielders, wingers and forwards had meaningful greater values of degree centrality and degree prestige in unbalanced scores. Therefore, two main conclusions could be extracted from the results: (i) generally, independent from the differences of goals in unfavorable results, there are no meaningful differences in the degrees of centrality and prestige of the great majority of the playing positions; and (ii) won by one goal requires a meaningful greater participation of central defenders and defensive midfielders, however, won by an unbalanced score requires a meaningful increase in the centralities of the positions that occupy forward lines, namely midfielders, wingers and forwards.

The fact of central defenders and defensive midfielders increasing their participation in favorable close scores may result from the team strategy to keep the ball in zones of low pressure and more security than in forward regions may be what increases the possibility of non-success (Kite and Nevill, 2017). The style of play associated with indirect attack more often requires backward passes, thus likely increasing the time taken to reach the opposing goal and recruiting a greater participation of the players in the first and second thirds of the attacking building (Fernandez-Navarro et al., 2016). In fact, more successful teams seems to recruit more defenders through passing behavior, thus justifying the great levels of centralities of the defenders and defensive midfielders (Rein et al., 2017). On the other hand, in the contexts of favorable and unbalanced scores, the possible greater volume of direct attacks may justify the meaningful increases of degree prestige and centrality of midfielders, wingers and forwards. In fact, attacking process in forward zones seems to recruit the wings more often (Barreira et al., 2015) and this may explain the moderate increases of degree centrality of wingers in favorable unbalanced scores. Moreover, a study that tested the general network properties of winners and losers in close and unbalanced scores also revealed that in situations of favorable and unbalanced scores there was a likely moderate increase of dyad reciprocity (Clemente, 2018), thus suggesting an increase in the overall participation of the teammates during the passing sequences.

The present study also tested the variations of network centralities between playing positions. In terms of close scores, it was found that the degree prestige (inbound) was largely greater for central defenders and defensive midfielders than for wingers and forwards. Interestingly, the magnitude of the differences decreased in the case of unbalanced scores, despite revealing the same tendencies. The degree prestige can be considered an indicator of the overall prominence level of a player to be recruited by his teammates (Clemente and Martins, 2017). The results observed are in line with the majority of the studies that analyzed the prestige level of different playing positions during passing sequences (Duch et al., 2010; Peña and Touchette, 2012; Clemente et al., 2015b). In fact, it is reasonable to expect that the majority of the passes occur between the defensive players during general passing sequences starting from defensive regions, thus indirectly justifying the greater indegree centralities (Mendes et al., 2018).

In the case of degree centrality (outbound), larger differences were observed between playing positions than in the case of degree prestige, namely considering the comparisons of more defensive positions (external and central defenders and defensive midfielders) with forward players (wingers and the forwards). Forwards and wingers were clearly and meaningfully- less prominent than the remaining playing positions in both close and unbalanced scores. This suggests that the overall participation of these two positions in constructing the passing sequences and establishing relationships with their teammates is significantly smaller; however, this depends on the type of analysis. Naturally, in the case of counter-attacks or passing sequences that result in shots or goals, the rate of prominence may increase in forward players, based on previous research (Malta and Travassos, 2014; Clemente et al., 2016a). However, considering all the passing sequences, the contribution is naturally lower because all the types of attacks are included (indirect and direct attacks).

This study had some limitations. The passing sequences were not split by type of attack or final outcome and for that reason the results about the prominence level should be carefully interpreted. Moreover, the analysis of different team’s formations was not considered. Also, there is no information about the tactical behavior that explains the prominence levels observed. Based on those limitations, it is important for future studies to split the passing sequences by type (e.g., indirect or direct attack) and final outcome (e.g., lose the ball, shot, goal) and also add information about the pitch regions in which the passes occurred. The analysis of the formations and tactical behavior of the players should also be considered to provide a qualitative interpretation and to increase the holistic view about the dynamics that contribute to the final outcomes. Future studies should also consider other technical actions that may provide information about the interactions between team players. Moreover, an analysis that considers the spatio-temporal dimension should be considered to improve the understanding about the dynamics of the match. To do that, it may be important to add an analysis per period of time (e.g., 10 in 10 min) or per changes in specific moments (e.g., after scoring or suffering a goal).

Despite the study limitations, this study is, in the best of our knowledge, the first that compared the prominence level of different playing positions in favorable and unfavorable close and unbalanced scores. The results of this study allow coaches to identify that favorable unbalanced scores increases the overall centrality levels of wingers and forwards and this may represent a transfer for training scenarios or even to options to make during the matches. Moreover, the evidence that defensive players are more prominent in building the attack in the generality of the passing sequences should encourage adopting strategies to reduce the success of the opponent’s teams in their zone of comfort.



CONCLUSION

Considering the comparisons of network centralities between close and unbalanced scores, the main evidence revealed that defensive midfielders and central defenders presented meaningful greater levels of centrality (inbound and outbound) in won close scores than in unbalanced. On the other hand, won unbalanced matches meaningfully increased the centrality levels of wingers and forwards. Regarding the second purpose of this study – to compare the variations of network centralities between playing positions – it was possible to observe that defensive midfielders were the most recruited and also the most contributing to the passing sequences and that the forwards and wingers presented the lowest values of participation in both close and unbalanced matches. As a conclusion, this study suggests that independent of the magnitude of difference in the final score, there are playing positions (the midfielders) that are relatively stable in the participation during passing sequences and other positions (the forward players) that increase in participation in favorable unbalanced scores.
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This study examined the effects ego depletion (ED) and state anxiety (SA)have on performance changes in dart-throwing, a perceptual-motor task, using a Latent Curve Model (LCM). Twenty-two men, who had never played darts before, were recruited and randomly assigned to two counterbalanced groups: Group A was exposed first to ED and then to non-ED (NED), and Group B was exposed first to NED and then to ED. We found that the number of trials had a non-linear effect on darts performance, which improved as the number of trials increased before declining again; that is, mean radial error decreased first and then increased. Therefore, motor performance was sustained in the form of a quadratic curve as the number of task executions increased. In general, the higher the degree of ED and SA, the greater the negative effect on performance. However, this phenomenon was observed only in the early-phase trials, and the interacting influence of ED and SA appeared in the late-phase trials. Thus, this study demonstrated that ED and SA have direct effects on performance curves in early-phase trials only, and that their interacting influence appears in late-phase trials.
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INTRODUCTION

Self-control is the capacity to change one’s response based on own ideals, values, morals, social expectations, or long-term goals (Baumeister et al., 2007). Without self-control, it could be impossible to achieve goal-oriented behavior or long-term goals (Loewenstein, 1996). Baumeister et al. (1994) proposed the strength model that addresses the working principle of self-control and the failure of control based on ego depletion (ED; Baumeister et al., 2007).

According to the strength model, the strength necessary to perform any action is a finite self-control resource; however, when in a state of ED, it is difficult to execute actions and behaviors that require self-control resources, as the self-control resource is depleted (Baumeister et al., 1994, 1998). The self-control resource can be considered as being similar to the energy necessary for muscle contraction; although the energy necessary for muscle contraction is finite, it becomes available again after a certain period of time (Baumeister et al., 1994, 1998). In other words, if the upper limit is reached, which leads to complete depletion of the self-control resource, a state of ED commences, which makes it impossible to use the self-control resource; however, the resource recovers over time, and is available again at a later time point. Therefore, ED refers to a state in which the self does not have all the resources that it normally has and renders the self temporarily less able and less willing to function normally or optimally (Baumeister and Vohs, 2007).

Self-control strength in sports contexts has been shown to negatively impact performance by weakening impulse regulation (Englert, 2016). Englert et al. (2015b) investigated the effect of ED on the frequency of false starts in starting blocks for female soccer players with no previous experience of track and field events. The results from this study showed that the frequency of false start was higher in the ED group than the non-ED group because the ED group could not suppress the urge to start faster.

And previous studies of the correlation between motor performance and ED can be divided into two categories: those that have examined persistence tasks and those that have examined perceptual-motor tasks. A commonly used persistence task in such studies is squeezing an isometric handgrip (Muraven et al., 1998; Ciarocco et al., 2001; Finkel et al., 2006). Squeezing such a handgrip involves an experiment subject clenching an instrument (typically a hand dynamometer) in their hand for as long as possible, which requires a certain level of hand-muscle strength, depending on the experiment parameters. Greater pain is perceived as the duration of the hand-gripping increases, and here self-control strength is necessary to suppress the desire to end the task (Muraven et al., 1998). Studies that have examined the correlation between ED and isometric-handgrip tasks (Bray et al., 2008, 2011) have found that ED decreases performance in such tasks; further, ED manipulation has also been reported to reduce performance in other persistence-based tasks such as cycling (Wagstaff, 2014; Englert and Wolff, 2015) and press-ups/sit-ups (Dorris et al., 2012).

Meanwhile, a perceptual-motor task is an attention-demanding motor task that involves selectively focusing on task-relevant stimuli and disregarding information that has no or low relevance to the task at hand (Abernethy et al., 2007; Wilson et al., 2009; Englert et al., 2015c). In perceptual-motor tasks, anxiety or pressure to perform tends to impair task performance by interfering with the ability to use performance-related information. This phenomenon has been termed “choking under pressure” (Baumeister, 1984). Thus, performance of a perceptual-motor task is expected to decrease (i.e., worsen) when executed in a high-anxiety situation (Behan and Wilson, 2008; Wilson et al., 2009); however, there are also reports of contrary findings (Craft et al., 2003; Woodman and Hardy, 2003). Englert and Bertrams (2012) and Englert et al. (2015a) attributed these contradictory research findings to individual differences relating to level of self-control strength. In their studies, ED groups showed a higher negative correlation between anxiety and performance during perceptual-motor tasks (e.g., dart-throwing, making basketball free throws) than did non-ED groups (NED groups). Moreover, the phenomenon of reduced gaze fixation on task-relevant information in high-anxiety situations was observed more frequently in their ED groups than in their NED groups. This implies that, even in high-anxiety situations, anxiety affects performance to a lesser degree if sufficient self-control strength is available. In contrast, if self-control strength is completely depleted, the negative effect of anxiety on performance is reinforced.

Rapid adaptation to changing environments is a form of motor ability (Stöckel and Fries, 2013). According to the theory of generalized motor programs, rapid motor adaptation to a variety of environmental changes by perceiving changes in environments and adapting to them through internal representation of their movement is an important factor in motor ability. The veracity of this theory has been supported by studies on basketball players, where motor performance was impaired by manipulation of the basket’s height (De Oliveira et al., 2009) and the ball’s weight (Breslin et al., 2010), but tended to gradually improve with repeated trials, which was a result of adaptation to task-related context information (De Oliveira et al., 2009).

However, previous studies investigating the correlations of ED and anxiety with motor performance in perceptual-motor tasks (e.g., Englert and Bertrams, 2012; Englert et al., 2015c) have based their analyses on mean scores in overall performance outcomes and, thus, are compromised by the limitations of evaluating individual motor ability through results of motor performance alone, without considering changes in performance (or adaptation) as the number of trials increases. To overcome this limitation, in the present study we examined the effects of ED and anxiety on motor performance. Through this approach, we sought to verify the effect the interaction between ED and anxiety has on changes in performance as the number of trials increases, using dart-throwing as the perceptual-motor task for the experiment. To this end, we formulated the following hypotheses:

Hypothesis 1: The higher the number of trials, the better the performance.

Hypothesis 2: The higher the participant’s perceived ED and state anxiety (SA), the lower the extent of change in his/her performance.

Hypothesis 3: Changes in performance are influenced by the interaction between the participant’s perceived ED and his/her SA.



MATERIALS AND METHODS


Participants

We recruited 22 men in their early twenties who were native speakers of Korean, had never played darts before, and who had no impairments in their upper extremities. These participants were randomly assigned to one of two counterbalanced groups: Group A (n = 11, 22.9 ± 1.4 years., 177.5 ± 5.9 cm, 71.1 ± 5.6 kg), which was first exposed to ED, and then to NED (ED-NED group), and Group B (n = 11, 23.0 ± 1.2 years., 176.9 ± 3.2 cm. 72.5 ± 5.3 kg), which was initially exposed to NED, and then to ED (NED-ED group). The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee. All participants provided written informed consent to participate, after being provided with sufficient explanations regarding the purpose, content, and method of the study.



Apparatus and Manipulation Task

We computed each participant’s MRE using eight infrared cameras (OptiTrack Prime 17, United States) and an electronic dartboard (WJ100, China). As illustrated in Figure 1, the dartboard was mounted at a height of 1.73 m (from the floor to the center of the bullseye), which is the standard height for a darts competition, and the throwing distance was set at 2 m (from the ground point directly under the center of the bullseye to the throwing line). For measurement, the center of the dartboard was determined by attaching a reflective marker on each side of the dartboard, 25 cm from the center of the bullseye, and the position of the dart was monitored using a reflective marker mounted between the barrel and the shaft of the dart (length: 14 cm), as shown in Figure 2. These reflective markers were then detected using the infrared cameras. If a dart fell out of the dartboard after hitting it, the score for the point closest to the place hit was taken as the performance.
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FIGURE 1. Layout of the dartboard and throwing line.
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FIGURE 2. Soft dart with reflective marker.



Generally, in the case of steel darts, the score is not recognized when the darts fall out of the dartboard. As soft darts were used in this experiment, sensor determination was prioritized. As shown in Figure 2, the pin of soft dart was made of plastic, unlike steel darts, and the darts could have fallen out of the dartboard. In the case of the actual game, it follows the judgment of the sensor, but in this experiment, it was measured more accurately using the three-dimensional coordinate value.

For ED manipulation, we used a writing task, which we modified from a similar task developed by Bertrams et al. (2010). Bertrams et al.’s original writing task was designed to induce a state of ED by instructing participants to transcribe a given English text, but to omit certain common letters of the alphabet. However, since the participants in this study were not native speakers of English, we used Korean texts instead of English; this was to avoid ED during NED manipulation, as transcribing in a non-native language could inadvertently induce ED, regardless of the parameters of the task. Thus, during the ED manipulation, our participants were instructed, after reading an article that concerned a social issue, to transcribe the article without using specific vowels (“[image: image]” and “[image: image]”) and consonants (“[image: image]” and “[image: image]”). Meanwhile, during the NED manipulation, the participants were instructed to transcribe an article about a famous sportsman without omitting any specific vowels or consonants, which should result in minimal ED.

In previous studies, SA manipulation was performed through various methods [e.g., listening to audio recordings of anxiety experienced by athletes during free-throw situations (Englert et al., 2015a), or throwing a dart at a target suspended 7-m from ground (Englert et al., 2015c)]. In the present study, we manipulated SA by inducing competition and evaluative concerns based on Englert and Bertrams (2012)’s study. All participants were notified that poor scores in the dart-throwing task could adversely influence the total experiment results, and that the top three scorers would win additional rewards. Thus, SA was induced by introducing additional pressure to perform in the experiment, as well as a competition situation.



Experimental Procedures

The participants were taught how to throw a dart from the throwing line, were shown three demonstration shots, and were allowed six trial shots. Then, after responding to items concerning demographics (age, height, and weight) and a dart-related self-efficacy questionnaire, the participants performed a total of 15 shots (five sets of three shots), which served as their baseline performance [MRE (pre)] in the later measurements.

Group A then performed the ED and SA manipulation task, and the first dart-throwing task (a total of 15 shots, five sets of three shots), and then responded to questionnaires regarding SA, degree of ego depletion (DED), effort invested in the writing task (EWT), effort invested in the dart-throwing task (EDT), and ED manipulation1 for the first dart-throwing task. Next, they underwent the NED task and the second dart-throwing task (a total of 15 shots, five sets of three shots), and responded to the questionnaires regarding SA, DED, EWT, EDT, and NED manipulation for the second dart-throwing task. Group B underwent the same procedure, with the exception of executing the NED task first, counterbalancing the order of the experiments (Group A: ED-NED; Group B: NED-ED). In this study, SA manipulation was performed before the dart task, and SA was measured after the dart task execution was completed. The flow chart of the experiment procedure is shown in Figure 3.
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FIGURE 3. Flow chart of the experiment procedure. MRE, mean radial error; ED, ego depletion; NED, non-ego depletion; SA, state anxiety; DED, degree of ego depletion; EWT, effort invested in the writing task; EDT, effort invested in the dart-throwing task.



In Table 1, MRE (pre) represents the baseline darts performance (measured using the initial 15 shots), and MRE (post 1) to MRE (post 5) represent the darts performance for the five sets of three shots, respectively, executed after each ED or NED. Changes in darts performance can be tracked by comparing the scores of the five sets of shots from MRE (post 1) to MRE (post 5) with those of MRE (pre). The mean score of MRE decreased continuously from MRE (pre) to MRE (post 4) (early-phase trials), while the score increased from MRE (post 5) (late-phase trials). Therefore, the participants’ dart throwing performance showed non-linear patterns as the number of trials increased.

TABLE 1. Descriptive statistics and correlation analysis.
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Diallo et al. (2014) reported that statistical power is strongly influenced by measurement points and sample size in non-linear latent models and the power at six measurement points was 0.959 and it was 0.80 when calculated with 50 cases. In this study, there were six measurement points: MRE (pre), MRE (post 1), MRE (post 2), MRE (post 3), MRE (post 4), and MRE (post 5) and the total number of cases counterbalanced was 44, which is close to 50. Thus, the statistical power of 0.8 was achieved.



Measurement Tools


State Anxiety

We measured each participant’s SA while executing the task using the Mental Readiness Form 3 (Krane, 1994), after modifying it to suit the purpose of this study. This tool comprises four items, which are rated using an 11-point Likert scale:

1. “I felt pressure to avoid failure in the dart-throwing task” (1 = not at all; 11 = extremely).

2. “I felt my body become tense while performing the dart-throwing task” (1 = not at all; 11 = extremely).

3. “I felt capable of adequately performing the dart-throwing task” (1 = extremely, 11 = not at all).

4. “I felt worried while performing the dart-throwing task” (1 = not at all, 11 = extremely).



Degree of Ego Depletion

As Baumeister (2014) insists that fatigue is more likely when exposed to ED, the degree of ED in this study was measured to determine the degree of psychological fatigue. We measured each participant’s level of ED using a one-item questionnaire that has been used in previous research (Englert and Bertrams, 2012; Englert et al., 2015c), after modifying it to suit the purpose of this study:

“How much mental fatigue did you experience after the writing task?” (1 = none at all, 7 = a great deal).



Darts Performance

Darts performance was evaluated based on dart-throwing accuracy; the closer the dart landed to the bullseye (Figure 1), the higher the performance. As a measure of dart-throwing accuracy, we used the mean radial error (MRE)2, expressed in the formula below:
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xi, yi: the coordinates of the point at the i-th trial, n: the total number of trials, the unit of MRE measurement was mm.



Control Variables

As per the social cognitive theory of Bandura (1997, 2006), self-efficacy is one of the most important psychological variables predicting human behavior and performance, and Englert (2016) insists that it is important to consider other psychological processes when dealing with ED and performance in the study. Therefore, self-efficacy in this study was used as a control variable. Using the Guide for Constructing Self-efficacy Scales (Bandura, 2006) as a foundation, we developed a three-item questionnaire to measure self-efficacy in throwing darts:

1. “I believe I can throw darts better than can the other participants.”

2. “I believe that, with practice, I can improve my darts performance to be better than that of the other participants.”

3. “I think that my final score will be one of the highest among all participants in the experiment.”

The participants were instructed to indicate their degree of conviction in their ability by using a 100-point scale (0–100%) to score each item.

Next, the degree of effort invested in the writing task was measured using a one-item questionnaire, which was rated using a seven-point Likert scale (1 = not at all, 7 = a great deal):

“How hard did you try to finish the writing task?”

Then, the degree of effort invested in the dart-throwing task was measured using a two-item questionnaire, with both questions rated using an 11-point Likert scale:

1. “I to succeed in the dart-throwing task” (1 = made no effort at all, 11 = tried to the best of my ability).

2. “I to succeed in the dart-throwing task” (1 = did not concentrate at all, 11 = concentrated to the best of my ability).

ED task is usually manipulated to reduce the expectation of success for the task (Englert and Bertrams, 2012) because of the suppression of the routine of the self, and based on the items used in the previous study (Englert et al., 2015c). To measure the extent of ED manipulation, we developed a two-item questionnaire, rated using a seven-point Likert scale, by modifying items used in previous studies (Englert and Bertrams, 2012; Englert et al., 2015c):

1. “How hard did you try to overcome your usual writing routine (overall writing habits such as writing speed and concentration) while executing the writing task?” (1 = not at all, 7 = a great deal).

2. “Do you think you have successfully executed the writing task, including providing correct spelling and spacing?” (1 = not at all, 7 = very much so).




Data Analysis

The Latent Curve Model (LCM), which is a method of analyzing trends in cross-sectional data within the framework of structural equation modeling, lends itself well to examining performance changes over a varying number of trials. There are two steps in the LCM. In the first step, the slope of the MRE and the initial value of the unconditional LCM are estimated. If the variance of the estimated MRE slope and the initial value is statistically significant, conditional LCM analysis is performed at the second stage. In this study, we investigated whether the changes in MRE due to the number of trials are linear and quadratic curves (non-linear change models) using the fitness indices of TLI, CFI, and RMSEA. The effects of ED and SA on darts performance were examined using the LCM available in AMOS 18.0. Parameter estimation was performed using the maximum likelihood method, and an alpha (p-value) of 0.05 was set as the cutoff for statistical significance.




RESULTS


Descriptive Statistics

Table 1 shows the non-linear relationship between the MRE and the number of trials, whereby the MRE decreases with the increase in the number of trials, before increasing again. Given the low correlation coefficients between all input variable pairs, the problem of multicollinearity was negligible, and the skewness and kurtosis values (± 2 or lower) are indicative of normal distribution.



Randomization and Manipulation Check

The independent t-test was performed with the participants randomized into two counterbalanced groups: Group A (n = 11) and Group B (n = 11). The effectiveness of the randomization was checked by considering both self-efficacy in darts and age. Consequently, we found no statistically significant differences between Group A and Group B regarding self-efficacy (t(20) = 1.20, p = 0.243), age (t(20) = 0.48, p = 0.632), and MRE (pre) (t(20) = 0.07, p = 0.944); thus, we determined the randomization to be adequate.

The paired t-test on the ED-manipulation check showed that the ED measurement point (M = 4.70, SD = 0.72) scored higher than did the NED measurement point (M = 4.00, SD = 1.33) in the manipulation-check questions, with the difference being statistically significant (t(21) = 2.33, p < 0.05). Further, the ED measurement point (M = 6.5, SD = 0.80) also scored higher than did the NED measurement point (M = 4.27, SD = 1.96) in regard to degree of ED, also to a statistically significant level (t(21) = 5.00, p < 0.001).

In line with our assumptions, there was a significant difference in ED based on the number of transcribed characters (t(21) = 20.39, p < 0.001), as depleted participants (M = 242.09, SD = 27.47) transcribed a smaller number of characters than non-depleted participants (M = 444.82, SD = 32.31). The percentage of errors was significantly higher in the depleted state (M = 6.60, SD = 1.80) than in the non-depleted state (M = 0.47, SD = 0.07), t(21) = 16.01, p < 0.001. No statistically significant intergroup differences were observed regarding effort invested in the writing task (t(21) = 1.91, p = 0.070) or in the dart-throwing task (t(21) = −0.20, p = 0.845). From these results, we verified that the writing task, in which specific vowels and consonants were omitted, induced temporary ED, and that the participants put the same level of effort into the writing and dart-throwing tasks in both the ED and NED conditions.

In Table 1, the normal distribution of SA is indicative of the individual differences among the participants regarding the level of SA, which implies that the pressure imposed on the participants concerning the experiment and competition situation adequately served to meet the normal distribution assumption.



Linear Change in Darts Performance (Unconditional Model)

A linear LCM was used to investigate whether the MRE decreases linearly with increase in the number of trials. The slope path coefficients were assigned to change linearly to 0, 1, 2, 3, 4, and 5 at regular intervals. The results showed that it was statistically significant (χ2 (16) = 12.67, p < 0.05) and the fit values were unacceptable (TLI = 0.260, CFI = 0.211, RMSEA = 0.331). Therefore, the conditional model reflecting the linear decreasing tendency of the MRE was statistically irrelevant.



Non-linear Change in Darts Performance (Unconditional Model)

Using LCM analysis, we examined the non-linear change in MRE, exhibited as a quadratic curve in Table 1, in which MRE decreased as the number of trials increased, before increasing again. As a result, no statistically significant differences were observed in the unconditional model, as shown in Table 2 (χ2(12) = 12.67; p = 0.393), demonstrating that there were no statistically significant differences between the LCM selected as the quadratic curve and the raw data. As the fit values (TLI = 0.963, CFI = 0.971, RMSEA = 0.036) were found to be superior as well, we concluded that the statistically non-linear conditional model was appropriate.

TABLE 2. The result of LCM.
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The intercept was 87.49, very similar to the MRE (pre) mean shown in Table 1 (87.40). However, whereas the linear slope was statistically significant (−6.76; p < 0.05), the non-linear slope showed no statistical significance (0.89; p = 0.215). This indicates the existence of a non-linear relationship, in which the decreasing trend in MRE observed in the early-phase trials was not maintained from the fourth set of three shots (post 4) onward. Error variance was statistically significant in relation to intercept, linear slope, and non-linear slope. Since this suggests the statistical feasibility that this variance can be explained by other variables, we performed a conditional model analysis.



Effects of Ego Depletion Dependent Upon State Anxiety on Sustaining Change in Darts Performance (Conditional Model)

We examined the effects ED dependent upon SA had on the non-linear change in darts performance. As a result, no statistical significance was found in the conditional model shown in Table 2 (χ2(21) = 21.42; p = 0.434), which suggests that there were no statistically significant differences between the conditional model (shown in Figure 4) and the raw data.
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FIGURE 4. Conditional model. DED, degree of ego depletion; SA, state anxiety; MRE, mean radial error. Linear Slope is the slope of the early-phase trials; Non-linear Slope is the slope of the late-phase trials. Dotted lines are not statistically significant whereas solid lines are. ∗p < 0.05.



The conditional model analysis confirmed the statistically significant positive effects the degree of ED (DED; β = 0.75, p < 0.05) and SA (β = 1.42, p < 0.05) had on the linear slope. Figure 5 illustrates the non-linear change that occurred in the participants as a result of the effects of DED and SA; in this figure, the participants are divided into below-mean (L) and above-mean (H) groups based on their mean DED and SA scores. As shown in Figure 5, the early-phase dart performance was impaired (i.e., the MRE decreased) as DED and SA increased. This confirms that ED and SA had negative effects on performance improvement in the early-phase trials.
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FIGURE 5. Non-linear change in MRE, reflecting ED and SA. ED, ego depletion; H, above mean; L, below mean; MRE, mean radial error; SA, state anxiety.



The interaction between DED and SA (β = 1.44, p < 0.05) was found to have a statistically significant positive effect on the non-linear slope. Meanwhile, the slope for late-phase MRE and performance change did not show statistical significance, as shown in Table 2, and this suggests that the effect of DED varies depending on the degree of SA. This phenomenon was observed after dividing the participants into L and H groups based on their mean DED and SA scores, and then into four subgroups: Group 1: ED(H) + SA(H), Group 2: ED(H) + SA(L), Group 3: ED(L) + SA(H), and Group 4: ED(L) + SA(L). Figure 6 illustrates the non-linear change exhibited by each group. This shows that the lower the SA leading to ED, the greater the non-linear slope; that is, in late-phase trials, ED had a negative effect on performance (higher MRE) this tendency was strengthened with lower SA. From these results, it can be inferred that ED had a negative effect on the late-phase performance of the participants with low perceived SA.
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FIGURE 6. Non-linear change in MRE, reflecting the interaction between ED and SA. ED, ego depletion; H, above mean; L, below mean; MRE, mean radial error; SA, state anxiety.






DISCUSSION

Most research studies on SA and motor performance have used analyses of variance (ANOVA; Mullen and Hardy, 2000; Oudejans and Pijpers, 2009; Englert et al., 2015a, b, c). As ANOVAs can be used when the independent variable is a categorical variable and the dependent variable is a continuous one, a typical method of analysis is to distinguish the group whose anxiety is manipulated from the control group, to examine the effects on performance. Therefore, ANOVAs are limited because they do not account for individual differences; they lead researchers to assume that the manipulation of anxiety similarly affects all participants in the group. The SA in this study was measured as a continuous variable using the LCM. Measuring SA as a continuous variable help identify a variety of situations that can affect SA (e.g., worries caused by low dart scores during the experiment) and psychological variables (e.g., emotional discomfort caused by self-exhaustion tasks), which in turn can be considered as individual differences. In an actual sports competition, anxiety is influenced by negative emotions (burnout, depression, etc.) as well as cognitive anxiety due to poor performance, and the degree of anxiety per individual may change even under the same stressful condition. Assigning SA as a continuous variable can be considered as one of the statistical remedies that can reflect actual competitive sports situations.

As shown in Table 2, the MRE of the participants in this study decreased during the early-phase trials, but this decreasing trend was not maintained in the late-phase trials, consequently returning a non-linear relationship. These results are consistent with those of a previous study (Stöckel and Fries, 2013), in which performance changes in basketball players were investigated after the distance for three-point shots in the European professional basketball league was changed from 6.25 to 6.75 m. As a result, the success rate for three-point shots was found to initially increase, only to decrease later as the number of three-point shots taken increased. Although no definite conclusion can be drawn from the results of our study and this previous study, it can be assumed that motor performance is sustained in the form of a quadratic curve (improvement in early-phase trials and deterioration in late-phase trials) as the number of task executions increases.

Another previous study (Englert et al., 2015c), which investigated the relationship between ED and darts performance, reported that ED had a negative effect on concentration, and that this effect was reinforced when participants had a greater state-anxiety level. However, Englert et al. (2015c) did not specify whether the effects of ED, SA, and the interaction between ED and SA appeared in the early or late phases of task executions. The result of our study suggests that ED and SA have a direct effect during the early phases of perceptual-motor task executions, and that the interaction between ED and SA has a direct effect in later phases (producing a non-linear slope). Consequently, the effect of ED on performance may typically occur in the earlier phases of performance. One’s self-control resources can be depleted for a certain amount of time; however, they are also replenished again over time (e.g., Baumeister et al., 1994, 1998). Therefore, performance may have only suffered in the early stages of the dart-throwing because self-control resources were being slowly recovered over time.

In general, in high-anxiety conditions, people tend to concentrate on irrelevant information rather than relevant information (Nieuwenhuys and Oudejans, 2012). For example, people with height phobia perceive heights as being greater than do people without height phobia (Teachman et al., 2008). Further, when judging whether a given stimulus is threatening or non-threatening, anxiety has been found to cause people to devise a more plausible interpretation of the perceived threat (Bishop, 2007; Blanchette and Richards, 2010). In our study, the group with high early-phase SA did not show a decrease in MRE (performance improvement), but the group with low SA did show a decrease in MRE. This finding can be interpreted as showing the negative effect of high SA on performance in the early phases of trials, because participants with high anxiety levels failed to make correct decisions based on darts-related information, which adversely affected their darts performance.

Contrary to our expectations, however, the lowest performance was observed in the group with low SA and high ED. According to the catastrophe model proposed by Hardy (1996), an optimum level of cognitive anxiety helps improve performance, and high cognitive anxiety and physiological arousal lead to an abrupt drop in performance. Englert et al. (2015c) noted that SA-based manipulation of dart-throwing from a 7-m height induces an extreme anxiety situation in participants; this corresponds to a high cognitive anxiety situation in the catastrophe model, and coupling this anxiety situation with ED leads to performance deterioration. In contrast, given the SA (or cognitive anxiety) measured in our study, which occurred in a competition situation and under performance pressure (inter-participant competition and burden regarding consequences of the experiment results), the group with high SA could be considered to have been closer to the optimum level of cognitive anxiety than were the participants in Englert et al.’s (2015c) study, who experienced extremely high SA. This suggests that the optimum level of cognitive anxiety (the high SA group in our study) does not significantly affect performance, even under ED.

The results from this study are helpful in developing an effective cognitive strategy for improving performance. In the early stages of performance, it may be desirable to focus on task-related cues and use cognitive strategies (e.g., keywords, self-talk, etc.) that can help to overcome self-exhaustion and high SA, and in the late performance period to use a strategy (e.g., deep breathing, imagery) that can be used to regulate SA.

Englert (2016) suggested that the effect of ED on performance is overestimated by publication bias, and highlighted the need to solve the lack of consistency in research results by reporting research results indicating that ED does not affect performance (Graham et al., 2014; Englert and Bertrams, 2015). Previous studies that examined the association between ED and sports performance (Dorris et al., 2012; McEwan et al., 2013; Englert and Bertrams, 2014; Wagstaff, 2014; Englert and Wolff, 2015) have reported that the participants in ED-manipulation groups deplete their self-control resource while those in control groups do not. However, Englert and Bertrams (2015) and Graham et al. (2014) argued that participation in ED tasks has no negative effect on performance if autonomy is ensured, and that the relationship between ED and performance can vary depending on the perceived self-efficacy, mood, and motivation (Englert, 2016). Therefore, considering the possible influence individual differences can have on the degree of ED among participants in ED-manipulation tasks, which can depend on the autonomy of participation, perceived self-efficacy in the task, and individual mood and motivation, there is a need for future studies to establish a methodology of reflecting individual differences or completely controlling for all contaminated variables (e.g., autonomy, self-efficacy, mood, and motivation). However, given the practical difficulty in completely controlling for all contaminated variables that may influence dependent variables, reflecting individual differences with regard to the degree of ED appears to be a reasonable approach. In this respect, the consistency of research results among ED-related studies can be ensured by measuring degree of ED as a continuous variable (as in our study); this is because measurements can then be made after considering various individual characteristics and contaminated variables as individual differences.

In the present study, ego-depletion and SA manipulation check were performed via retrospective measurement after the dart-throwing tasks were completed. This experimental design might have the potential to confound dart-throwing tasks to retrospective DED and SA measures. The correlation between DED and MRE, SA and MRE is low (Table 1); therefore, it is unlikely that MRE interferes with the measurement of DED and SA. Due to the nature of the experimental design (i.e., the non-SA [NSA] population does not exist and SA operation confirmation should be performed by recall), the errors due to recall measurements were not completely controlled. In addition, due to the “within subject design,” the first and second “pre-test” are used in the same MRE (pre). There may be concerns that the duplication of MRE (pre) could adversely affect the validity and reliability of the findings. However, as shown in Figure 4, there were no statistically significant effects of DED, SA, or the interaction of DED and SA on the intercept [i.e., MRE (pre)]. The critical dependent variables in this study were the linear and non-linear slope. Therefore, the use of MRE (pre) duplication may have minimal impact on the research results. Nevertheless, further studies must classify the ED/NED and SA/NSA groups using a between-subject design, which would eliminate the errors of recall and the procedural problems associated with MRE (pre) duplication, to confirm the validity of these findings.

Marcora et al. (2009) defined mental fatigue as a psychobiological state caused by prolonged periods of demanding cognitive activity. Hagger et al. (2010, p. 67) in their review article concluded that “mental fatigue is therefore an analog for ED and likely coincides with the depletion of self-control.” On the other hand, Baumeister (2014) showed indicated that fatigue is higher when exposed to self-exhaustion and claimed that exhaustion of self-control resources could induce subjective and psychological fatigue, but research results have been mixed (Englert, 2016). Further study is necessary to distinguish the conceptual differences between psychological fatigue and ED, and examine their effects on exercise performance.

Whereas the effects of ED on performance deterioration have previously been examined in a number of studies, no research has yet investigated whether ED has negative effects on performance in terms of kinematic or dynamic processes. It is possible that various kinematic and dynamic factors may have an influence on different performance outcomes produced as a result of ED-related changes in task-execution movements (e.g., coordination, timing, joint angle, and angular velocity). Further, in this study we examined the aspects of ED, SA, and performance change, but did not investigate the kinematic or dynamic mechanisms associated with performance change. Considering this, a follow-up study that investigates the effects of kinematic or dynamic changes, which may lead to ED, on performance is necessary.
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FOOTNOTES

1 In general, it is recommended to perform the task within 5 minutes after the end of the ego-depletion task (Englert et al., 2015c). Therefore, if the ego-depletion questionnaire was administered after the ego-depletion manipulation, participants will be recovered from the ego-depletion and affect the experiment results. In addition, as participants may have been able to anticipate the purpose of the study while filling in the manipulation confirmation questionnaires, there is also the possibility that this could distort the results.

2 To measure the dart-throwing task performance, three darts were repeated five times in a batch and were measured a total of 15 times. In other words, the performance was measured by throwing three darts consecutively, removing the darts from the dart board, and then throwing three again. Therefore, the result from each dart-throwing task should be considered as a separate measurement point; the Mean values, a representative value to accommodate each dart result, were used in this study. Moreover, we cannot be certain that any of the three dart tasks performed in this experiment were not affected by the independent variable (i.e., ego-depletion). In this situation, the use of the Median Radial Error, which discards two of the three darts results, cannot represent the experimental results correctly; rather, it can be significantly affected by certain values. Therefore, the authors concluded that the extreme values of the subjects during the three dart tasks were part of the performance and constituted important information.
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The aim of this paper was to study the combined effects of tactical and contextual dimensions on achieving offensive performance in open play possessions from Spanish “La Liga” soccer matches. 1860 team possessions from 20 random matches were evaluated by means of multidimensional observation. Multilevel regression models were constructed to predict the probability to achieve offensive performance according to the tactical and contextual dimensions registered in each possession. Performing penetrative actions after recovering the ball (OR = 1.497; 95% CI: 1.022–2.192; P < 0.05), and progressing by fast attacks (OR = 3.588; 95% CI: 2.045–6.294; p < 0.001) or counterattacks (OR = 7.097; 95% CI: 3.530–14.269; P < 0.001) was more effective to create scoring opportunities than performing a non-penetrative action and progressing by combinative attack, respectively. Also, progressing by long possessions (OR = 5.057; 95% CI: 2.406–10.627; p < 0.001) was more effective than progressing by short possessions to create scoring opportunities. As for contextual dimensions, multivariate analyses showed how playing at home and against high-ranked opponents registered more likelihood of achieving offensive penetration, although no associations were found in the production of scoring opportunities. Tactical dimensions as initial penetration, type of attack and possession length played an important role on achieving offensive penetration and goal scoring opportunities in Spanish Soccer “La Liga”.

Keywords: soccer, scoring opportunitie, goal, game strategy, match analysis, observational methods


INTRODUCTION

The style of play in soccer is the characteristic playing pattern demonstrated by a team during games and it shows players and ball movements, interaction of players, as well as elements of speed, time and space (Hewitt et al., 2016). Although each style of play is relatively stable during different games or tactical situations, it has been shown how contextual variables as venue, quality of opposition and match status influence the use of styles of play in soccer match play (Fernandez-Navarro et al., 2018). Moreover, the interaction with the opposing team tactics creates a specific and complex context that may modulate and influence the teams’ style of play during the game.

The analysis of playing styles is arising in recent years (Gómez et al., 2018; Yang et al., 2018), but there are still very few studies that describe the effectiveness of playing tactics to produce offensive performance in professional soccer. The existing literature based on observational methodology, revealed that counterattacks (Tenga et al., 2010; González-Rodenas, 2013) and fast attacks (Sarmento et al., 2018) were more effective to create offensive performance than positional attacks in the Norwegian, American and top European teams, respectively.

Nevertheless, the different cultural, historical and social factors of each country make different the way of understanding soccer and implementing styles of play in each regional competition (Sarmento et al., 2013). In this sense, Spanish La Liga (SLL) seems to have a more “possession-based” style of play in comparison to English Premier League or Italian Serie A (Sarmento et al., 2013; Mitrotasios et al., 2019). In the last decade, SLL has achieved to occupy the highest position in the indices related with international prestige and the competitive quality of teams, followed by German Bundesliga, English Premier League and Italian Serie A (Vales-Vázquez et al., 2017). However, according to our knowledge, no study up to date has specifically analyzed the effectiveness of playing tactics to achieve offensive performance in this competition. Furthermore, contextual variables such as match location, match status and quality of opposition have been shown to influence the tactical performance and success of teams during competition (Fernandez-Navarro et al., 2018). Despite this, very few studies have evaluated how the contextual factors can affect the offensive effectiveness.

In this vein, further research is needed to analyse the effectiveness of playing tactics and contextual variables in different countries and professional competitions. For that purpose, numerous studies have shown that systematic observation is an adequate methodology for analyzing tactical behaviors in sport (Anguera and Hernández-Mendo, 2013) because permits the inclusion of categorical data from the qualitative evaluation of different dimensions of match performance, and may improve our ability to describe soccer match play actions (Grehaigne et al., 2001; Hughes and Bartlett, 2002; Suzuki and Nishijima, 2004; Sarmento et al., 2014). For the analysis of data, the study of the combined effects of offensive, defensive and contextual variables allow to create statistical models that capture the interdependency and interaction between different dimensions to achieve offensive outcomes.

Therefore, the aim of this paper was to study the combined effects of match location, team ranking, match status and tactical dimensions on achieving offensive performance in open play possessions from Spanish Soccer “La Liga” matches by using multidimensional qualitative analysis. It is hypthesized that high-ranked teams and playing at home present higher offensive effectinesses. Regarding the effect of tactical dimensions, the hypothesis is that team sequences that start with initial penetration and progress by counterattack have higher odds of creating scoring opportunities.



MATERIALS AND METHODS


Sample

The context of the analysis was the Spanish “La Liga” 2017–2018. This competition has 20 teams that play a total of 380 matches. The unit of analysis was a “team possession” that started in an open play situation according to the definition of Pollard and Reep (1997, p. 542).

“A team possession starts when a player gains possession of the ball by any means other than from a player of the same team. The player must have enough control over the ball to be able to have a deliberate influence on its subsequent direction. The team possession may continue with a series of passes between players of the same team but ends immediately when one of the following events occurs: (a) the ball goes out of play; (b) the ball touches a player of the opposing team (e.g., by means of a tackle, an intercepted pass or a shot being saved). A momentary touch that does not significantly change the direction of the ball is excluded”.

In this way, each match from the Spanish “La Liga” was assigned with a number from 1 to 380. An online random number generator (Research Randomizer 4.0; Urbaniak and Plous, 2013) was used to select 20 random matches. The selected matches were downloaded from Wyscout platform (Wyscout Spa, Italy). A total of 3520 team possessions were evaluated After excluding those possessions that started by means of restarts and set pieces, 1860 team possessions (52.8%) that started in open play were included in the study.



Variables

Four independent tactical dimensions (Table 1) were evaluated based on the observational tool REOFUT (Aranda et al., 2019). These variables are related to the offensive behavior during the start (initial penetration and initial opponent pressure) and the development of the team possession (type of attack and duration of the attack). Additionally, the effect of three independent contextual dimensions was analyzed (match location: “home; away,” situational match status during the match: “losing, drawing, winning” and quality of opponent “high-ranked: from first position to fifth position in the final standing; medium-ranked: from sixth position to fifteenth position; Low-ranked: from sixteenth position to twentieth position”).

TABLE 1. Descriptions and definitions of tactical dimensions and categories (independent variables).
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For the possession outcome, the dependent variable “offensive performance” was evaluated. This variable analyzes the degree of penetration over the opposing defense as well as the creation of goal scoring opportunities during the team possession. This variable comprised three categories: (1) No offensive penetration (Figure 1), (2) Offensive penetration (Figure 2), and (3) Scoring opportunity (Figure 3).
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FIGURE 1. Graphic representation and real example of no offensive penetration. The team possession does not achieve to disorder and beat the forward or midfielders’ lines of the opposing team during the offensive sequence.
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FIGURE 2. Graphic representation and real example of offensive penetration. The team possession achieves to beat the forward and midfielders’ lines of the opponent and face directly the defensive line during the offensive sequence but the possession ends without creating any scoring opportunity. The player(s) facing the defensive line has/have enough time and space to perform intended actions on the ball at the moment of receiving the ball.
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FIGURE 3. Graphic representation and real example of scoring opportunity. The team has a clear chance of scoring a goal during the ball possession. This includes all goals, all shots produced inside the score pentagon∗, those shots produced outside the score pentagon that pass near the goal (evaluated qualitatively) and all chances of shooting inside the score pentagon (the player is facing the goal, there are not any opponents between him and the goal and he has enough space and time to make a playing decision). ∗ Score pentagon is used as the zone of reference because it selects the space with high shooting angle and a short distance to goal (20 meters or less) which are very important factors to achieve goals (Pollard et al., 2004; Ensum et al., 2005).





Match Performance Analysis

The study is based on observational methodology (Anguera and Hernández-Mendo, 2013; Anguera et al., 2017). The software Lince (Gabin et al., 2012) was used to observe, code and register the data during the evaluation process. For the analysis, a researcher with experience in match analysis and soccer coaching completed a theoretical and practical training on the use of the REOFUT instrument. Inter-observer and intra-observer (observers analyzed the sample again after one month) analyses showed appropriate levels of reliability for the tactical variables analyzed in the study based on Cohen’s Kappa calculations after the analysis of one complete match (Celta-Villareal CF) (initial penetration: 0.819, 0.963; initial defensive pressure: 0.815, 0.816; duration of the attack: 0.958, 0.963; type of attack: 0.776, 0.898, for inter and intra-observer reliability, respectively).



Statistical Analysis

All the analyses were performed using SPSS software (IBM SPSS, Version 20.0). An analysis of frequencies was carried out to describe the characteristics of the sample and the occurrence of each tactical dimension according to the offensive performance.

Multilevel modeling was carried out to cluster the ball possessions (Level 2) within teams (Level 1). Firstly, multinomial logistic regressions were constructed to predict three different levels of offensive penetration (0. no offensive penetration, 1. offensive penetration and 2. scoring opportunity). Secondly, binary logistic regressions were performed to predict the possibility of achieving scoring opportunities (0 = no scoring opportunity, 1 = scoring opportunity). Unadjusted models (univariate analysis) were carried out to determine the association of each independent variable with the dependent variable. Based on the unadjusted models, adjusted logistic multilevel models (multivariate analysis) were constructed with all significant independent variables from the unadjusted models included.




RESULTS

Table 2 shows the descriptive analysis of the sample. Greater number of team possessions faced initial opponent pressure, the majority of initial actions were not penetrative and the possessions length was predominantly very short (10 or less seconds) or short (11–20 s). Regarding the type of attack, combinative and fast attacks comprised nearly 75% of the team possessions. In this context, 50.4% of the team possessions achieved to penetrate offensively, while 10.4% created a goal scoring opportunity.

TABLE 2. Descriptive characteristics of the sample.
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Table 3 shows the explanatory variables that predict offensive penetration in comparison with the team possessions that did not achieve offensive penetration. Multivariate analysis showed that performing initial penetration, playing against no opposing pressure, sustaining long possessions and attacking with fast attacks or counterattacks was more effective to achieve offensive penetration than non-performing initial penetration, playing against opposing pressure, building short possessions or attacking by means of combinative attacks, respectively. For contextual dimensions, playing at home and against a high-ranked team registered higher probabilities in achieving offensive penetration, in comparison with playing away and playing versus low-ranked teams, respectively.

TABLE 3. Multilevel multinomial logistic regression predicting to achieve offensive penetration vs no penetration (Reference category).
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Table 4 shows the explanatory dimensions that predict the creation of scoring opportunities in comparison with those possessions that did not achieve offensive penetration. The multivariate analysis indicated that tactical dimensions as performing initial penetration, attacking without initial opponent pressure, sustaining longer team possessions and advancing by means of fast attacks or counterattacks obtained more likelihood of creating goal scoring opportunities than their counterparts. No differences were observed in the odds ratio of producing scoring opportunities for the contextual dimensions.

TABLE 4. Multilevel multinomial logistic regression predicting to achieve scoring opportunity vs. no penetration (Reference category).
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Table 5 shows the explanatory variables that predict the creation of scoring opportunities in comparison with those possessions that achieved offensive penetration. Tactical dimensions as sustaining long possessions (31 s or more) and advancing by means of fast attack or counterattack were more likely to produce scoring opportunities than building very short possessions and attacking by combinative attacks. No differences were observed in the likelihood of creating scoring opportunities depending on the contextual dimensions.

TABLE 5. Multilevel multinomial logistic regressing predicting to achieve scoring opportunity vs. penetration (Reference category).
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Table 6 shows the explanatory variables that predict the creation of goal scoring opportunities in comparison with all the rest of team possessions. Multivariate analysis showed how performing initial penetration, attacking with longer possessions and advancing by means of fast attack or counterattack registered higher probabilities in creating goal scoring opportunities than non-performing initial penetration, having very short possessions and attacking by means of combinative or direct attack, respectively.

TABLE 6. Multilevel binary logistic regression predicting to achieve scoring opportunity vs. no scoring opportunity (Reference Category).
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In terms of creating goal scoring opportunities teams that started the possession with a penetrative action had a 13% of probabilities of producing a scoring opportunity while this probability was 9% for the teams that started the possession with non-penetrative actions (Figure 4). As for the type of attack, Figure 5 shows how nearly 1 out of 3 counterattacks and 1 out of 5 fast attacks produced a scoring opportunity, whereas the rate for the combinative and especially for the direct attacks was considerably lower. Figure 6 illustrates how as longer the team possession was sustained, the higher the rate of success was, highlighting those possessions that lasted 31 or more seconds that had more than 20% of possibilities of producing goal scoring opportunities.
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FIGURE 4. Predicted probabilities to create a scoring opportunity according to the level of initial penetration.
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FIGURE 5. Predicted probabilities to create a scoring opportunity according to the type of attack.
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FIGURE 6. Predicted probabilities to create a scoring opportunity according to the duration of the attack.





DISCUSSION

The aim of this paper was to study the combined effects of tactical and contextual dimensions on achieving offensive performance in open play possessions from the Spanish “La Liga” soccer matches.

Firstly, our study explored the tactical characteristics of Spanish “La Liga.” This competition has been considered to have a more “possession-based” style of play in comparison with other European competitions (Sarmento et al., 2013; Mitrotasios et al., 2019). Our descriptive data supports this fact considering that nearly 75% of the team possessions that started in open play progressed by fast or combinative attacks, whereas the proportion of direct attacks and counterattacks was very low. In contrast, our results showed how the length of the team possessions was predominantly short so that only the 9.4% lasted more than 31 s. This fact may indicate the difficulty to sustain long ball possessions in the Spanish high-level soccer even if the main styles of play implemented by the teams are based on positional play. Also, our data revealed that 3 out of 4 team possessions started against defensive pressure and the majority of initial actions were not penetrative. These tactical characteristics reflect the high intensity context during the defense-attack transitions in this competition, where teams usually put pressure after losing the ball and create a highly demanding time-constrained scenario.

Secondly, our research looked for explanatory variables that can predict the offensive success. In regards to the start of the possession, our study found how performing initial penetrative actions was crucial to achieve both offensive penetration and scoring opportunities. Previous literature found similar results in different competitions. González-Ródenas et al. (2015) in Major League Soccer, Casal et al. (2015) in the Eurocup 2008 and Hughes and Lovell (2018) in the UEFA Champions League observed higher offensive effectiveness in team possessions that achieved to penetrate immediately after gaining the ball in open play situations. As for the initial defensive pressure, our data revealed how teams that play against no initial opponent pressure were more likely to achieve offensive penetration, although this fact did not increase the odds of creating goal scoring opportunities. In this way, our results support the idea that transitions periods in soccer present exciting opportunities and nervous vulnerabilities (Turner and Sayers, 2010) that are decisive to achieve tactical success, so that the offensive team has the chance of exploiting open spaces while the defensive team tries to reorganize their defensive system. For that reason, both the defensive and offensive tactical behaviors of teams during the transition moment may be decisive for the final outcome of the possession, contributing to the result of the matches and the overall performance of the team throughout the season, as previous studies have stated in different competitions (Vogelbein et al., 2014; Winter and Pfeiffer, 2016).

As for the development of the possession, univariate and multivariate analyses showed how fast attacks and specially counterattacks were more likely to achieve offensive penetration and scoring opportunities than combinative and direct attacks. In the same line, previous literature in different competitions found that counterattacks are less frequent but much more effective than combinative attacks (Tenga et al., 2010; Lago-Ballesteros et al., 2012; González-Ródenas et al., 2015; Sarmento et al., 2018). On the other hand, the study of Sarmento et al. (2018) found that fast attacks increased the success of an offensive sequence by 40% compared with combinative attacks in top European teams. These tactical findings suggest that both in a positional or a transitional scenario, building quick sequences with the intention of breaking opponent lines achieves higher degree of offensive success than an excessive passing combination or contrarily, excessive verticality by using long and direct balls.

As far as the possession length, longer possessions achieved higher degree of offensive penetration and scoring opportunities than very short possessions (10 s or less). The fact of building more elaborated possessions would contribute to have more opportunities to break opponent lines and get closer to the opposing goal. In this sense, there is still a debate about if shorter or longer possessions are more effective to achieve offensive success. Although a vast quantity of studies observed that longer possessions had more offensive effectiveness than shorter possessions (Hughes and Franks, 2005; Tenga et al., 2010; Lago-Ballesteros et al., 2012; González-Ródenas et al., 2015) other studies such as the one of Sarmento et al. (2018) reported that increasing the possession duration resulted in a decrease in the probability of success of the offensive sequence.

On the other hand, one of the strengths of our study is that our multinomial analyses also evaluated the effect of the tactical dimensions on creating goal scoring opportunities only in those possessions that achieved offensive penetration. In this tactical scenario, our analyses revealed how neither the initial penetration nor the initial opponent pressure presented differences in the odds of creating scoring opportunities. This may suggest that once the teams achieved to penetrate over the opposing lines, the origin of that penetration did not have a posterior influence on the final outcome of the possession, so other dimensions related to the development or the end of the team possessions would determine the creation of goal scoring opportunities. In fact, our study observed how fast attacks and counterattacks had greater odds of creating scoring opportunities than combinative attacks in penetrative possessions. These findings are interesting because confirm the greater offensive power of counterattacks and fast attacks in comparison with other types of attack even when only successful possessions were included in the analysis. This tactical effect may be due to the fact that counterattacks and fast attacks progress very quickly and this would not allow the opponent to readjust defensively. This situation would permit the offensive players to possess more time and space to disorder the last defensive line and create scoring opportunities. In contrast, successful possessions that progressed by means of combinative or direct attacks could allow the opponent to be closer to their defensive goal and have the possibility to reduce the space and time that the offensive players execute in order to create goal scoring opportunities.

Regarding contextual dimensions, our study observed how playing at home and playing against high-ranked opponents had greater effectiveness to achieve offensive penetration but no effect was found on the creation of goal scoring opportunities. This fact may be considered surprising so that multiple studies have found how contextual dimensions are related to several performance indicators and styles of play in soccer. In particular, home teams (González-Rodenas, 2013; Almeida et al., 2014), losing teams (Bradley et al., 2014; Fernandez-Navarro et al., 2018) and playing against weaker opponents (Castellano et al., 2013; Santos et al., 2017) have been associated with an increase in offensive indicators in different competitions. However, in the light of our results, more research is still needed to understand how different contextual dimensions may influence the creation of goal scoring opportunities.

As far as the limitations of our study, we are aware that our multidimensional analysis may not capture the high level of complexity that styles of play represent in soccer, where the constant interaction between teammates, opponents and contextual constraints create dynamic and interdependent situations that are different and unique in each match. We would recommend for future studies to evaluate the relationship between tactical dimensions and offensive performance by using other research methodologies such as spatial-temporal tracking data, (Memmert and Rein, 2018) temporal patterns (Camerino et al., 2012) or network analysis (Passos et al., 2011) that can offer a more complex approach in the understanding of offensive effectiveness. Secondly, our study only included the analysis of four tactical dimensions. In this regard, future studies should include more dimensions both offensive and defensive in order to obtain a broader number of performance indicators that characterize the styles of play and provide a better understanding of how offensive success is achieved in professional soccer. On the other hand, this study has important practical applications for coaches, sporting directors and tactical analysts so they can reflect on how offensive effectiveness is achieved in the Spanish “La Liga” and adapt their player development model, tactical strategy and recruitment process.

To conclude, the interactive effect of tactical dimensions such as initial penetration, type of attack and possession length played an important role on achieving offensive penetration and goal scoring opportunities in Spanish “La Liga” soccer matches.
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The purpose of the present study was to examine male and female Olympic taekwondo competitors’ movement patterns according to their tactical actions by applying a Markov processes analysis. To perform this study, 11,474 actions by male competitors and 12,980 actions by female competitors were compiled and analyzed. The results yielded 32 significant sequences among male competitors and 30 among female competitors. Male competitors demonstrated 11 sequences initiated by an attack, 11 initiated by a counterattack, and 10 initiated by a defensive action. Female competitors demonstrated nine sequences initiated by an attack, 11 initiated by a counterattack, and 10 initiated by a defensive move. The five most popular sequences were the opening and dodge, the direct attack and simultaneous counterattack, the dodge with a direct attack, the indirect attack and simultaneous counterattack, and the simultaneous counterattack with a direct attack. Markov chains help provide coaches and researchers with relevant information about the frequency of actions, both in terms of their frequency of occurrence and the order of their occurrence, during a real competition. It is suggested that coaches and athletes focus on these patterns when training for a real competition.
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INTRODUCTION

In elite sports, performance needs to be understood from different perspectives, including a tactical perspective. Tactical decisions made during combat are not directly observable during competition; only the tactical actions performed by athletes can provide an indication of the tactics that have been applied. To make tactical decisions during competition, competitors must have knowledge of the different tactical options and their probability of success, so they can select the correct action to perform and the proper moment to act (O’Donoghue, 2010). Normally, a tactical scheme is prepared to face combat situations in order to take the opponents by surprise by using the specific tactical actions (Gréhaigne and Godbout, 1995). Tactics provide the context that justifies techniques (Gréhaigne et al., 2001, 2005), because tactical actions involve not only motor skills to ensure efficient execution but also the choice to perform the appropriate action (Gréhaigne et al., 2001) in each combat situation. Tactical actions in taekwondo are usually subdivided into offensive (i.e., attacks and counterattacks) and defensive actions according to the purpose (i.e., score or avoid being scored against) of the athlete (Menescardi et al., 2019). The tactics applied during competitions have to be found in objective data (O’Donoghue, 2010).

Objective data could be based on stochastic models (i.e., a mathematical representation of a system which specifies the probable occurrence of a series, or set, of event states) that prove to be profitable analytic tools in the study of sports because they lend themselves to the prediction of future events from past data. Specifically, Markov chains are stochastic models that describe a sequence of possible events in which the probability of each event depends only on the state attained in the previous event (McGarry and Franks, 1994; Castellano et al., 2007). In short, a stochastic process exhibits Markov properties if the present state contains sufficient historical information from which predict the next event (Gottman and Roy, 1990).

In this regard, Markov chains help coaches and researchers to understand the way athletes behave in competition, as well as the relationships between actions (Ozcinar and Ozturk, 2013). They show whether one behavior increases or decreases the probability that another behavior will occur (Yoder and Tapp, 2004), which may not be explained by chance (Ozcinar and Ozturk, 2013). Markov chain analyses have been applied in the field of sports to describe and predict playing profiles or patterns (McGarry and Franks, 1994; Barnett and Pollard, 2011; Goldner, 2012) to determine the relevance to performance of tactical patterns (Barnett and Pollard, 2011). In adversary sports, McGarry and Franks (1994) used Markov chains to study the interactions between players in squash and to predict match behaviors and outcome probabilities.

In combat sports, this method of analysis has proven to be a novel approach as part of an increased interest in studying the relationships between actions performed by competitors (González-Prado et al., 2015; Miarka et al., 2015; Menescardi and Estevan, 2017; Tarragó et al., 2017). In fencing, it has been shown that a pattern of pressing action was followed by the preparation and attacking action, while counterattacking actions were performed by the opponent (Tarragó et al., 2017). In judo, the observed patterns reflected four situations (i.e., attack to the front, to the right, to the rear, and to the left) such that the sequences finished in either groundwork, a moment of pause, or the end of combat (Miarka et al., 2015). Just as in fencing and judo, in taekwondo it is important to know the previous action and how to respond to it, and when to initiate a sequence intending to score.

In the taekwondo field, the finals of six male Championships and World Cups (from 2000 to 2008) were analyzed by González-Prado et al. (2015). They found a relationship between offensive and defensive actions which follow one another during the bout. Menescardi and Estevan (2017) also proved the utility of lag sequential analysis in identifying the succession of attacks and counterattacks during bouts. They found a significant relationship between attacks (direct and indirect) and a simultaneous counterattack; they also found that indirect attacks had a significant relationship with dodges. In addition, anticipatory, simultaneous, and posterior counterattacks had a significant relationship with direct and indirect attacks, and posterior counterattacks were also significantly associated with dodges (Menescardi and Estevan, 2017).

Research that analyses behavioral patterns in taekwondo by using Markov chains is rare and focused only on the sample of male competitors. Previous studies (Casolino et al., 2012; Ferreira-Santos et al., 2014) have also found different patterns in relation to sex. Therefore, the aim of the present study was to examine behavioral tactical patterns of Olympic taekwondo competitors, in a sample of both male and female competitors, based on Markov processes analysis. Specifically, Markov chain is a technique for analyzing the relationships between two immediate key behaviors (focal and conditioned), offering the information needed for the decision-making of the selection of its immediately following behavior and offering athlete’s action–response profiles (McGarry and Franks, 1994; Pfeiffer et al., 2010). This information can be used to improve athlete’s tactical domain learning of decision-making. In a combat sport, as taekwondo, were actions are dependent on the opponents (Casolino et al., 2012) the technique can help coaching decisions based on “if-then” statements (McPherson and Thomas, 1989; McPherson, 1994; Gréhaigne and Godbout, 1995; Gréhaigne et al., 2001). This highlights the relevance of this technique in taekwondo. To test the hypothesis of whether technical–tactical patterns with greater probability of occurrence than chance based on Markov chain could explain the athlete’s behavior in Olympic competition, this study describes the tactical actions that occur just before or after another tactical action (attacks, counterattacks, and defenses) by using a Markov process analysis. These analyses enable coaches and psychologists to train both offensive and defensive strategies (Maneiro Dios and Amatria Jiménez, 2018), specifically for each tactical action and their subsequent one, according to their major occurrence in competition.



MATERIALS AND METHODS


Methodology and Design

An observational methodology was used in a natural context. The design was diachronic, nomothetic, and multidimensional (Anguera et al., 2011). The natural context allowed us to analyze the sequence, the association, and the covariation relationship between behaviors (Anguera, 2010). A diachronic design allowed us to understand the order in which actions occurred, in terms of prospective (from one action to the following one) analysis. Nomothetic design implies the behavior analysis of some participants while multidimensional design implies there are specific criteria under study (Anguera et al., 2011; Arias-Pujol and Anguera, 2017; Castañer et al., 2017).



Participants and Sample

In total, 151 matches from the London Olympic Games in 2012, involving both male (n = 75) and female (n = 76) competitors, were studied to analyze tactical actions. One male bout was not completed because of the injury of one competitor. This research was carried out in accordance with the Declaration of Helsinki and the Belmont Report. Because the videotapes analyzed in the present study are in the public domain, it was not necessary to acquire informed consent from the athletes observed (National Institutes of Health, 1978; American Psychological Association, 2002). The study protocol was approved by the Human Research Ethics Committee of the University of Valencia.



Materials

For codifying tactical actions in taekwondo, the taekwondo observational tool (TKDOT) validated by Menescardi et al. (2017) was used (Table 1). All coding was carried out using HOISAN 1.5.6 software (Hernández-Mendo et al., 2012). Data were codified as multi-events to perform the posterior Markov sequential analysis.

TABLE 1. Criteria, categories, and categorical core of the TKDOT.
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Intra- and Inter-Observer Reliability

Six observers were divided into two groups (groups A and B) to analyze the reliability of the data. To evaluate the inter-observer reliability, each observer analyzed six bouts. To evaluate the intra-observer reliability, one of the observers analyzed the same six bouts twice in a row. Cohen’s Kappa (κ) was used to calculate intra- and inter-observer reliability. Values between 0 and 0.20 show weak conformity, values between 0.21 and 0.40 show distant conformity, values between 0.41 and 0.60 show moderate conformity, values between 0.61 and 0.80 show strong conformity, and values between 0.81 and 1 show an almost perfect conformity, following previous studies (Miarka et al., 2015). The inter- and intra-observer results yielded Cohen’s kappa values >0.85, showing an almost perfect conformity.



Tactical Modeling Through the Markov Model

Markov sequential analysis of one lag was performed. Lag zero was established as the focal behavior, and the following lag (lag 1) corresponded with the first action (conditioned behavior) that followed the focal behavior. These focal behaviors were attacks, counterattacks, and defensive actions following the tactical scheme proposed (Figure 1) for taekwondo, based on the tactical scheme stated by Szabó (1977) for fencing. Every tactical action was considered as conditioned behavior.
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FIGURE 1. Tactical offensive–defensive sequence of three levels for taekwondo (modified from Szabó, 1977).



The Markov model and transition probabilities were examined using a Pearson’s Chi-square statistic (χ2) and G-test (G2) to compare observed and expected transition frequencies (Haccou and Meelis, 1992). For each possible event pairing (focal and conditioned behaviors), z-scores were computed to reveal transitional probabilities that were significantly higher and lower than the expected probability (Bakeman and Quera, 2011; Anguera et al., 2018). A z-score > 1.96 at 0.05 alpha level was then used to determine significant relationships between behaviors. Statistical analysis was conducted with SDIS-GSEQ v.5.1. software. Another advantage of this software is that it allows researchers to determine the frequency of its use, solving one of the problems of Markovian models.




RESULTS

Male competitors performed a total of 11,474 actions, which were categorized into 1,460 openings, 2,281 direct attacks, 1,711 indirect attacks, 269 anticipatory counterattacks, 1,647 simultaneous counterattacks, 935 posterior counterattacks, 537 blocks, 723 cuts, and 1,911 dodges. Female competitors performed 12,980 actions, subdivided into 1,704 openings, 2,752 direct attacks, 1,316 indirect attacks, 182 anticipatory counterattacks, 2,422 simultaneous counterattacks, 649 posterior counterattacks, 834 blocks, 692 cuts, and 2,429 dodges. Z-scores are shown in Table 2. The number of occurrences for each paring event is shown in Table 3. In this table, a total of 32 patterns for male competitors are shown that explain 9,405 sequences and 30 patterns for female competitors are shown that explain 10,520 sequences (Table 3). The tactical models for male and female competitors based on Markovian processes appear in Figures 2–4 in relation to offensive (both attacks and counterattacks) and defensive actions, respectively. Regarding the level 1 of the tactical model (taekwondo athlete A), OPE was followed by PCA and DOD in both genders (level 2, actions performed by taekwondo athlete B). DIA was followed by ACA, SCA, PCA, and CUT in both genders and BLO in males. INA was followed by ACA, SCA, and PCA in both genders and CUT in males. Regarding the level 2 of the tactical model (taekwondo athlete B), ACA was followed by OPE, DIA, and INA in both genders and BLO in females (level 3, actions performed by taekwondo athlete A). SCA was followed by OPE, DIA, INA, and BLO in both genders. PCA was followed by DIA, BLO, and DOD in both genders and INA in males. BLO, DOD, and CUT were followed by OPE, DIA, and INA in both genders and BLO were also followed by PCA in males, while CUT was also followed by PCA in females.

TABLE 2. Z-scores for each possible event pairing in relation to gender.
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TABLE 3. Number and order of occurrences for each pattern in relation to gender.
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FIGURE 2. Tactical model for taekwondo competitors with z significant values for each pair of tactical actions, attacks, and counterattacks or defensive actions. Z-scores (adjusted residuals) indicate male/female values. A straight arrow indicates a significant relationship between tactical actions in both genders. A bold arrow indicates a strong relationship (z > 30). A discontinuous arrow indicates the relationship between tactical actions only in male competitors. OPE, opening; DOD, dodge; DIA, direct attack; INA, indirect attack; BLO, block; CUT, cut; SCA, simultaneous counterattack; ACA, anticipatory counterattack; PCA, posterior counterattack.
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FIGURE 3. Tactical model for taekwondo competitors with z significant values for each pair of tactical actions, counterattacks, and attacks or defensive actions. Z-scores (adjusted residuals) indicate male/female values. A straight arrow indicates significant relationship between tactical actions in both genders. A discontinuous arrow indicates the relationship between tactical actions only in male competitors. OPE, opening; DOD, dodge; DIA, direct attack; INA, indirect attack; BLO, block; CUT, cut; SCA, simultaneous counterattack; ACA, anticipatory counterattack; PCA, posterior counterattack.
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FIGURE 4. Tactical model for taekwondo competitors with z significant values for each pair of tactical actions, defensive actions, and attacks or counterattacks. Z-scores (adjusted residuals) indicate male/female values. A straight arrow indicates significant relationship between tactical actions in both genders. A discontinuous arrow indicates the relationship between tactics only in male while a dotted arrow indicates the relationship between tactical actions only in female competitors. OPE, opening; DOD, dodge; DIA, direct attack; INA, indirect attack; BLO, block; CUT, cut; SCA, simultaneous counterattack; ACA, anticipatory counterattack; PCA, posterior counterattack.





DISCUSSION

The aim of the present study was to examine the behavioral tactical patterns of Olympic taekwondo competitors, in a sample of male and female competitors, based on Markov processes analysis. The importance of Markov modeling in sports is based on the relevance of decisions made during competitions which require knowledge of the different tactical options, their probability of success, and the risk involved (O’Donoghue, 2010) in choosing the most appropriate option to win the bout. It is well-known that choice reaction time increases as the number of stimulus–response options increases (Borysiuk and Waskiewicz, 2008; Franchini et al., 2008; Kwok, 2012). Such task-specific knowledge structures (stimulus–responses) are acquired through experience (Williams and Elliott, 1999), and are usually referred to as “if-then” statements (McPherson and Thomas, 1989; McPherson, 1994; Gréhaigne and Godbout, 1995; Gréhaigne et al., 2001). They are responsible for the initiation of an appropriate response (“then”) under specified conditions (“if”) (Borysiuk and Waskiewicz, 2008). Markov modeling allows researchers and coaches to know not only specific responses for attacking, counterattacking, and defense actions, but also exhibit a high variety of answers around the entire tactical map described.

To date, this is the first study that analyzed the behavioral tactical pattern of Olympic taekwondo athletes based on the Markov processes analysis for evaluating a competitor’s play in a taekwondo competition. The results showed 32 patterns for male competitors (that explain 9,405 sequences) and 30 patterns for female competitors (that explain 10,520 sequences). Male competitors exhibited 11 sequences initiated by an attack, 11 initiated by a counterattack, and 10 initiated by a defense. Female competitors exhibited 9 sequences initiated by an attack, 11 initiated by a counterattack, and 10 initiated by a defense (Table 3).

In general, the two most frequently used patterns (based on their z-values and frequencies of occurrence and expressed as a focal behavior followed by a conditioned behavior) were an opening followed by a dodge (Pattern I) and a direct attack followed by a simultaneous counterattack (Pattern VI). Taekwondo is a sport that has undergone many regulatory changes over the years (Moenig, 2015), and, as a consequence of this dynamism, and the inclusion of electronic chest protectors, appears the opening action (OPE), which has been one of most used tactical action in competition. The results also showed a high variety of patterns, but at the same time, a very specific and well-structured way of competing. That is, the five most frequently used patterns (I, VI, X, XVIII, and XXIX) are similar for both male and female competitors, except that the frequencies of the first and second patterns were exchanged in relation to sex.

The structure of an opening followed by a dodge (Pattern I) could be understood as a pattern intended to test the opponent. That is, it leads attackers to explore the responses of their opponent when the attack is initiated (e.g., giving or cutting distance, or performing a counterattack) (Franchini et al., 2008) and from the point of view of the opponent to see the characteristics of the attack (i.e., sort or long). Meanwhile, the structure of a direct attack followed by a simultaneous counterattack (Pattern VI) can be seen as an option used to stop the opponent’s advance and break the rhythm of combat (Fargas, 1990), so as to obtain a point. That is, when both athletes perform an action with the front leg almost at the same time and both legs crash, the attacker loses balance. As a consequence, the attack of the opponent is stopped. In this sense, athletes require good balance not only to prevent falls and to prevent a warning from the referee (Kyong-go), but also to avoid the dangerous situation of being re-attacked by his or her opponent (Suppiah et al., 2017). In line with some of the previous research (Williams and Elliott, 1999), the first two most frequently used patterns can be understood as actions intended to help recognize, recall, and semantically classify information (as experts with superior skill are able to do) and subsequently to use knowledge of situational probabilities (i.e., expectations) to anticipate future actions (i.e., counterattacks and defensive actions) and facilitate decision-making in terms of speed and accuracy.

In combat sports, when an athlete performs an attack (level 1), the opponent can answer by defending (Patterns I, III, IV, and VIII) or counterattacking (Patterns II, V, VI, VII, IX, X, and XI) (Ottoboni et al., 2014) which corresponds to the level 2 in our tactical scheme. These tactical responses have been classified as defensive or offensive combat styles, respectively (Downey, 2007). A defensive style implies that the opponent opts for facing the combat at a large distance without taking risks (i.e., dodges) and employs defensive actions with the objective of maintaining the score (i.e., cuts and blocks). An offensive style implies that the opponent moves forward, invading the space of the attacker, and competing over a shorter distance by responding to attacks with counterattacks. Both styles are covered by the possible options of significant patterns found in the present study when considering attacks as focal behavior.

Regarding counterattacks as focal behavior, the two most frequently used patterns were the simultaneous counterattack followed (for both sexes) by a direct attack (Pattern XVIII) and the simultaneous counterattack followed in male competitors by an indirect attack (Pattern XIX), and in female competitors by an opening (Pattern XVII). In general terms, all the patterns initiated by a counterattack (level 2) were followed by an attack (level 3), showing the non-stop nature of the bout. It should be noted that not all types of attacks were used by individual athletes in a single bout, as the athletes had their own preferences with respect to the attacks they used (Kwok, 2012). However, it is clear that there is a benefit to a diversity of attack strategies; attackers gain an advantage in that defenders require more time to respond (Menescardi et al., 2015) and therefore experience a decrease in their chances of winning (Suppiah et al., 2017). With these results in mind, taekwondo coaches should consider the benefits of incorporating a high diversity of tactical actions in their training so that the athletes are able to initiate and respond to any tactical option according to the opponent’s characteristics.

With regard to the type of counterattack performed, the most frequently used counterattack was the simultaneous counterattack (Patterns XVI, XVII, XVIII, and XIX). This result is in line with the findings of Menescardi and Estevan (2017) in elite athletes, and in contrast to Falco et al. (2014) and Menescardi et al. (2015) who reported the posterior counterattack as the most frequently used in college athletes. This could be the result of the different sample populations and different regulations over the years. With the introduction of the electronic chest protectors, very minimal contact between the attacker’s foot and the opponent’s protector implied a score (Del Vecchio et al., 2011). A posterior counterattack (Patterns XX, XXI, XXII, and XXIII) implies a lateral or backward movement to avoid the attacker’s technique before kicking him or her, and as a consequence of this movement, the body and guard position of the athlete is changed. Unlike the simultaneous counterattack, the posterior counterattack unbalances the opponent and places them in an unfavorable position from which to kick. This makes them more vulnerable to re-attack and increases the possibility that they will be warned by the referee if they fall to the floor as the result of an attack. Finally, the infrequent use of anticipatory counterattacks (Patterns XII, XIII, XIV, and XV) could be the result of the time necessary to adjust to the opponent’s actions. Anticipatory counterattacks may also increase the risk of counter-counterattacks (Fargas, 1990). Therefore, a more complex calculus has to be performed during the stimulus identification and response selection stages of the information processing model (Kwok, 2012). It is also interesting to note that each type of counterattack was followed by a block (Patterns XII, XVI, and XX) as the most frequently used defense, although the anticipatory counterattack followed by a block was not significant in male competitors (Pattern XII). This highlights the dynamism of the sport and the need to continue with the game after the performance of a tactical action. The use of a block (level 3) after a counterattack (level 2) is a consequence of the attacker’s defensive movement after a kicking action. A block is an action that requires less time to perform than a kicking action; the sequence following a counterattack underlines the fact that it is the attacker who performs this action. Therefore, it is suggested that the attacker practices not only the attack in isolation but also both actions in sequence (an attack with a block) during training. On the other hand, it is suggested that the opponent should feint an attack and hit the side of his or her attacker’s target area by counterattacking him or her, which is an opportunity to score (Borysiuk and Waskiewicz, 2008).

Continuing with defensive actions as a focal behavior, the two most frequently used patterns (Table 3) were a dodge followed by a direct attack, observed in both sexes (Pattern XXIX) and a dodge followed by an indirect attack, in male competitors (Pattern XXX), and by an opening, in female competitors (Pattern XXVIII). These results are in line with González et al. (2011) who observed a frequent use of dodges in competition due to their safety. However, a dodge should be used carefully because athletes can be warned if they move outside of the delineated competition area or if the referee interprets this action as the athlete refusing the match (World Taekwondo Federation [WTF], 2012). This can be observed in the frequency of occurrence of Patterns I, IV, VIII, XII, XVI, and XX. The frequency of use of Patterns XII, XVI, and XX highlights the fact that a block was more often used after a counterattack, while a dodge or a cut was more often used after an attack (Patterns I, IV, and VIII). These results are in line with Fargas (1990), who stated that blocks are employed to avoid being kicked when no other options are possible in close combat. The rest of the observed patterns suggested that during interchanges of kicks and punches, defensive actions (such as dodges, cuts, or blocks) were also used to avoid being kicked and scored upon, which accords with the internal logic of this sport (Fargas, 1990). In short, it is suggested that when the attacker initiates the sequence he or she observes the movement of the opponent, because the opponent has two options: the opponent can either move forward (and decrease the distance) or backward (and increase the distance with a dodge). In both cases, the sequence is stopped and the rhythm of combat is broken, and a new attack is needed to initiate it. If the attacker does not observe either of these two actions, the attacker must be ready to block the opponent’s counterattack.

In summary, the results of the present study showed a total of 62 significant patterns. This demonstrates that elite athletes need to master a huge diversity of tactical possibilities, including not only attacks and counterattacks but also defensive actions. In this sense, and in line with Downey (2007), it seems that the best athletes are more technically sophisticated than instinctually savage and that fight-ending techniques are sometimes quite subtle. It would be interesting to know which are the most effective and this should be the focus of future studies. Lastly, there were six patterns that were not significant to one sex; future studies should focus on understanding why they are not used. One of the reasons could be the fact that the study has analyzed the patterns of elite athletes. That is, experts, compared to novices, focus on higher-level concepts, have made more connections between these concepts, and seem to be more capable of using the more appropriate action considering the game’s goal structure. Therefore, it would be interesting to compare the sample with other levels of athletes to understand whether different level athletes have different patterns.

It is suggested that coaches should plan and introduce into the training sessions all the observed sequences, with a special focus on the tactical actions that are most frequently performed during competition and the ability to recognize and respond to them properly. That is, among male competitors, 11 sequences were initiated by an attack, 11 were initiated by a counterattack, and 10 sequences were initiated by a defense. The five most popular sequences were as follows: (a) an opening with a dodge, (b) a direct attack and simultaneous counterattack, (c) a dodge with a direct attack, (d) an indirect attack with a simultaneous counterattack, and (e) a simultaneous counterattack with a direct attack. Meanwhile, among female competitors, nine sequences were initiated by an attack, 11 were initiated by a counterattack, and the 10 initiated by a defense. The five most popular sequences were as follows: (a) a direct attack and simultaneous counterattack, (b) an opening and dodge, (c) a dodge and direct attack, (d) an indirect attack and simultaneous counter attack, and (e) a simultaneous counterattack and direct attack. Moreover, coaches should focus on the continuity of the sequence by counterattacking and blocking the attacker’s action, in addition to focusing on ways to break the rhythm of combat (i.e., by cutting or blocking), as it has been explained throughout the manuscript. Lastly, coaches should take into account the patterns that are similar between both sexes and those that are different when planning training, in order to tailor the training to the athlete’s sex and the session goal (attacks, counterattacks, or defensive actions). That is, training sessions should have a double goal, both to train common patterns and to train male and female competitors separately according to the different patterns of each sex.



CONCLUSION

In the current study, a Markov chain approach was applied to study taekwondo interactions between competitors, which goes beyond earlier studies on this sport. Markov chains provide coaches and researchers with relevant information not only about the frequency of the occurrence of certain actions, as in the majority of research on taekwondo, but also provides information about the order in which those actions were performed during real competition. In the current study, there were 32 significant sequences among male competitors and 30 among female competitors. The most used sequences for both sexes were an opening followed by a dodge and attack (direct or indirect) followed by simultaneous counterattack. The results show that the dodge was the most frequently deployed defensive action against an attack while the simultaneous counterattack was the most frequently used counterattack. Therefore, coaches and athletes should focus on these patterns during training to prepare for the demands of real competition.
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The aim of this research was to examine whether psychological variables which make up basic dimensions of personality and self-esteem distinguish competitors in combat sports from competitors in team sports. The research included 149 respondents, aged 19 to 27 years. The Self-Esteem Scale questionnaire was used to measure self-esteem. The BFI inventory was used to measure personality traits according to the Big Five model: Extraversion, Neuroticism, Conscientiousness, Agreeableness, and Openness to Experience. The basic research question is – does the set of psychological variables which make up basic dimensions of personality and self-esteem statistically significantly distinguish competitors in combat sports from the competitors in team sports? Both mean differences and simple discriminant function analyses for competitors in combat/team sports revealed that self-esteem, neuroticism, and conscientiousness were the most important factors distinguishing the two groups. Practical implications, limitations, and future research directions were discussed.
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INTRODUCTION

Although the effects of psychology on sports performance have long been recognized, there are more and more psychologists and sports experts dealing with different research domains. Their aim is to take a broader and deeper look at the latent factors of success and failure in sports. Also, one of their aims is to deal with psychological differences between athletes in different sports in order to be able to timely intervene. Besides basic characteristics of personality, self-esteem, as well, is an important feature of athlete competitors.


Self-Esteem

The notion of self-esteem is determined as a disposition which a person possesses and which represents his/her judgment of his/her own value (Rosenberg, 1965). Coopersmith (1967) defines self-esteem as a set of qualities which an individual observes within himself/herself. According to modern concepts, self-esteem is also defined as respect for one’s own value and importance, as a willingness to be a responsible person and to behave responsibly toward others. Self-esteem appears when a person begins to appreciate and highly value his/her qualities or traits. In other words, self-esteem is the result of evaluating one’s own value, i.e., the outcome of an evaluative orientation toward one’s innermost self; it is the level of belief in one’s own values, the power of belief in one’s own ideas and thoughts, as well as the depth of confidence in one’s own actions (Baumeister, 2013). Self-esteem is not inherent, nor inherited, but it is established, and it changes throughout lifespan under the influence of relationships with others (Baumeister, 2013), especially parents (Qurban et al., 2019).

Rosenberg, whose Self-Esteem Scale was used for the purpose of this research, spoke of self-esteem as being a very important factor in our lives: “Self-esteem directs and activates us in a wide range of activities. It significantly determines our values, our memories and memory processes, our interpretation of events, our evaluation standards and reference points, our goals, our choice of friends, spouse, groups, organizations, professions, and our environment in general. There are few such influential and permeating factors in life as it is self-esteem” (Rosenberg, 1968, p. 345).

The optimum rule applies to self-esteem; when a person has too little of it, he/she functions below his/her potential, and when he/she has too much of it, he/she acquires narcissistic personality traits. High self-esteem is a key factor for success, adequate dealing with failure, and a subjective sense of contentment in life. Persons with high self-esteem take risks more courageously, do not set too high demands on themselves, and highly value themselves. To have high self-esteem means to have a sense of honor and dignity in relation to oneself, one’s own choices, and one’s own life. A person with a high self-esteem has the courage to stand up for himself/herself when he/she is treated below the level he/she believes he/she deserves. One person may be more competent than the other, more experienced, and with higher education, but if the level of his/her self-esteem is lower, he/she is less likely to fight for his/her success. Individuals with high self-esteem deal better with failure compared to those with low self-esteem, feel happier in life, and have lower anxiety (Greenberg et al., 1992).

Previous researches have shown that persons with high self-esteem have better physical and mental health. Persons who have managed to develop self-esteem are more resistant to stress, more confident and do not run away from conflicts, are ready to stand up for themselves, but also to take a critique. Higher self-esteem characterizes persons who are: less prone to depression, more content than most, always endeavor to achieve their goals, see changes as challenges and tend to new experiences, hence sometimes set challenging and demanding goals for themselves (Jordan et al., 2005). Such persons are ambitious and aspire toward constant self-development, both in the emotional, intellectual, and creative fields and in the social and spiritual ones.

More recent findings which use self-esteem as a predictor variable, however, are often contradictory and point to the conclusion that high self-esteem is not at all a guarantee of contentment in life and is associated with a series of problematic behaviors and deviations in cognitive processing. It has, thus, been indicated that high self-esteem is, inter alia, also related to self-burdening (taking too much responsibility on oneself), aggressiveness (Kernis et al., 1989), prejudice, discrimination (especially toward those who threaten one’s self-image) (Jordan et al., 2005), narcissism, individual’s tendency to defense reactions, and a number of other behaviors (Baumeister, 2013).

Many authors, as well as self-esteem scales, are based on the idea of self-esteem as a stable trait (Rosenberg, 1965). However, a newer direction of self-esteem research is that high self-esteem can be divided into stable and unstable (fragile) self-esteem. A fragile high self-esteem is when a person shows both, with words and behavior, that he/she has a positive attitude about himself/herself (explicitly), and on an unconscious level he/she has a negative attitude about himself/herself (implicitly). Such persons are prone to destructive and aggressive behavior when their self-image is disturbed (Jordan et al., 2005). Namely, Kernis et al. (2000) have shown that persons with unstable high self-esteem behave as if their self-esteem is always in question, hence they cannot take a critique, have a defensive attitude in interaction with others, show more levels of anger and hostility, and are highly selective in accepting feedback. Furthermore, they brag about their successes to their friends, while in doing so using self-magnification and being more self-burdened (Kernis et al., 2000). The feeling of one’s own self-esteem in mature years is also based on respect for others. Persons with high self-esteem do not perceive other people as threats, nor do they think ahead that they will be rejected, humiliated, deceived, or betrayed by others because they are aware of themselves and their qualities. Thus, they treat others with respect, justness, and good intentions.

High self-esteem is desirable, especially in individualistic cultures, because it is a predictor of success in various spheres of life, but some social psychologists have dealt with the research of negative sides of high self-esteem. One of the more significant studies relates to the connection between self-esteem and anger and hostility (Kernis et al., 1989). A group of scientists (Kernis et al., 1989) compared the level and stability of self-esteem with the amount of anger and hostility which individuals experience. Self-esteem stability was tested by multiple global self-esteem tests in natural conditions. The researchers have found that the predictor of anger and hostility is not only the level of self-esteem but also its stability. High but unstable self-esteem is in a statistically significant correlation with the extremely high tendency of experiencing anger and enmity, or hostility.

Persons with a lack of self-esteem have doubts about their abilities and they get up courage to take risks only when they are certain that they are fully competent and that they meet all the conditions. Furthermore, researches have shown that low self-esteem leads to certain negative occurrences, such as: delinquent behavior, depression, bulimia, tendency for mental illnesses, and dissatisfaction with relationships (Baumeister et al., 2005; Bulik et al., 2007).

Baker and McNulty (2013) state that persons with low self-esteem prefer safety and familiar situations, avoid challenging goals and, thus, reflect low self-esteem. They are not direct in communication, they often fear to openly say what they think and feel, first and foremost because they themselves are uncertain in their thoughts, and then because they fear the reactions of others. Such persons cannot stand failures well. Every time they do not achieve their goal, to them, that is another proof that they are worthless and unsuccessful. Trapped in their thinking and self-evaluation scheme, they usually do not even consider other reasons for failure. Persons with lower self-esteem often think that other people do not have a high opinion of them, as well, which makes them feel rejected and they rarely decide to initiate social contacts. A fewer number of social contacts leads to fewer opportunities for creating deeper interpersonal relationships, from which a person can expect social support. Thus, low self-esteem affects the size and the quality of a person’s social network.



Personality Traits

The Big Five model describes five dimensions of personality: Extraversion, Agreeableness, Conscientiousness, Neuroticism, and Openness to experience. Extroversion implies that individuals are sociable, while introversion implies that they are quiet and reserved (John et al., 2008). Extraversion is characterized by openness, assertiveness, and a high level of energy (John et al., 1991). Persons with a high score on extraversion are more open, more persistent, more talkative, and more social than those with a low score on extraversion, who are shy, quiet, and aloof (Larsen and Buss, 2009). Extraversion is associated with values of achievement and hedonism (Roccas et al., 2002), but also with goals relating to an exciting lifestyle (Roberts et al., 2004).

Agreeableness means that persons are cooperative and kind, and not rough (John et al., 2008). This dimension is characterized by benevolence and trust. It can be seen as a combination of friendship and harmonization (John et al., 1991). Persons with a high score in this dimension are warm, sympathetic, and honest, while persons with a low score in this dimension are unkind, often rude, and sometimes even cruel (Larsen and Buss, 2009). Agreeableness is associated with harmonious family relationships, good partnership relationships (Roberts et al., 2004), but also with prosocial values (Haslam et al., 2009).

Conscientiousness is characterized by orderliness, responsibility, and reliability; hence this trait is sometimes called reliability, as well (John et al., 1991). Conscientious persons are hardworking, disciplined, pedantic, and they devote a lot of time to organization. These are persons who are intrinsically motivated and who make a lot of effort to be successful in what they do (Larsen and Buss, 2009). Conscientiousness is associated with goals of achievement (Costa and McCrae, 1988), but also with goals relating to interpersonal relationships (Roberts et al., 2004). Therefore, it can be said that conscientious persons are oriented toward goals, the execution of a task, and that they are reliable and punctual thereby (Larsen and Buss, 2009).

Neuroticism is characterized by uneasiness and a polar opposite of emotional stability (John et al., 1991) and such individuals are prone to experiencing anxiety, depression, and irritation (John et al., 2008). Persons with a high score on neuroticism are insecure, often have mood swings, while emotionally stable people are calmer, more relaxed, and more stable (Larsen and Buss, 2009). Also, a high score on neuroticism suggests suggestibility or susceptibility to suggestion, lack of persistence against obstacles, dragginess, and poor fluency, or the existence of rigidity. Also, characteristics of neuroticism include the feeling of inferiority, nervousness, avoidance and intolerance of effort, dissatisfaction, sensitivity, irritability, and touchiness. On the other hand, emotional stability is associated with strategy, i.e., the way in which a person overcomes stress and various obstacles in life (Larsen and Buss, 2009). Emotionally stable persons do not get disturbed, except when the issues in question are very strong stressors for them personally. Emotionally stable persons can experience neurosis symptoms only when in a situation of long-term and strong stress (Larsen and Buss, 2009).

Openness to experience is characterized by originality, curiosity, and ingenuity. This factor is sometimes called culture because of its emphasis on intellect and independence (John et al., 1991). Individuals open to experience have broad interests and a fine taste for art and beauty (John et al., 2008). Persons with a high score in this dimension are creative, imaginative, and since they have a broad range of interests, like to explore the unknown, while persons with low scores in this dimension are of conventional appearance and behaviors, narrowed interests, prone to conservative attitudes, and tend to prefer what is already known in relation to the unknown (Larsen and Buss, 2009). Openness to experience is often associated with autonomy (Roccas et al., 2002).



Personality Traits and Self-Esteem in Athletes

Although, according to Allen et al. (2013), psychological researches of athletes’ personality are in a certain crisis in the field of sports psychology, there is a vast body of research with findings on identifying differences between personality traits of athletes in different sports (Peterson et al., 1967; Dowd and Innes, 1981; Geron et al., 1986; Malinauskas et al., 2014; Olmedilla et al., 2019). These researches showed that athletes participating in team sports have higher levels of extraversion in comparison to athletes participating in individual sports. Then, athletes participating in team sports have lower level of conscientiousness than athletes participating in individual sports (Nia and Besharat, 2010; Allen et al., 2011; Malinauskas et al., 2014). Also, athletes participating in high-risk sports have higher levels of extraversion and lower levels of conscientiousness than athletes participating in low-risk sports (Castanier et al., 2010). Results of meta-analysis showed that high-risk sport participants had higher levels of sensation seeking, extraversion and impulsivity and lower levels of neuroticism, sensitivity to punishment in comparison to individuals who do not undertake such activities (McEwan et al., 2019). When comparing athletes with non-athletes, findings indicate higher levels of extraversion and higher levels of emotional stability in population of athletes than in non-athletes (Egan and Stelmack, 2003; McKelvie et al., 2003), as well as higher openness to experience (Hughes et al., 2003). Further, it was shown that karate masters have low neuroticism and high conscientiousness, depending on their level of mastery, so that more experienced athletes have more stable personality than those less experienced (Piepiora et al., 2018).

In one study on Tunisian athletes (Ali et al., 2013), the results revealed that self-esteem was higher in a group of athletes participating in individual sports than in athletes participating in team sports, while aggressiveness was higher in team sports than in individual sports. When comparing levels of aggression in individual non-aggressive sports like tennis, dancing, swimming with individual combat sports, results reveal that non-aggressive sports entail higher levels of self-esteem and verbal aggression, hostility, and anger (Ali et al., 2013). Other studies indicated contrary results, claiming higher levels of aggression in combat sports than in other individual sports (Zillmann et al., 1974; Bredemeier et al., 1987). Even though some studies show no difference in self-esteem between individual and team athletes (Akelaitis and Malinauskas, 2018), higher levels of self-esteem are important salient of better coping strategies in sport stress management (Káplanová, 2018). According to a literature review which indicated mixed findings in this field, we have tested differences in personality traits and self-esteem in athletes participating in two groups of sports, in team sports and in combat sports.



Research Question

Does the set (framework, profile) of psychological variables which make up basic dimensions of personality and self-esteem statistically significantly distinguish competitors in combat sports from the competitors in team sports?



METHODS


Participants

One hundred and forty nine undergraduate students of all years of the Faculty of Sport and Physical Education at the Universities of Novi Sad and Niš (N = 149) were surveyed. The sample consists of 87 (58.4%) males and 62 (41.6%) females of the average age of 20.95 years (SD = 1.787). The surveyed students are at the same time competitors in sports which they have trained on average 10.73 years (SD = 3.93). Competitors in combat sports (27.5% of the total sample) train wrestling, karate, judo, jiu-jitsu, kick boxing, MMA, and taekwondo. Competitors in team sports (72.5% of the total sample) train football, basketball, volleyball, and handball.



Instruments

The Self-Esteem Scale questionnaire was used to measure self-esteem (SES, Rosenberg, 1965). The Scale has 10 items and the reliability on our sample is α = 0.85. The BFI inventory (John and Srivastava, 1999) has 44 items and it was used to measure personality traits according to the Big Five model: Extraversion (α = 0.78), Neuroticism (α = 0.70), Conscientiousness (α = 0.76), Agreeableness (α = 0.76), and Openness to Experience (α = 0.73).



Procedure

The research was carried out in year 2018, with previously obtained approvals from the ethical committees of the faculties and voluntary consents of the students. The testing was conducted in a paper-and-pencil test form and it lasted for 30 min.



Data Analysis

In the data analysis, descriptive measures, mean differences, and canonical discriminant analysis were used.



RESULTS

Since univariate tests do not take into account the relationship among variables, a discriminant function analysis was also performed on the six variables. The values of group centroids (mean discriminant scores for each group) for competitors in combat and team sports were −0.57 and 0.216, respectively. The discriminant function obtained for the six factors, Wilks λ = 0.889, Chi-square (6) = 16.94, p < 0.01. Refer to Table 1 for the entry order of the six variables and their corresponding standardized discriminant function coefficients.


TABLE 1. Means, standard deviations, t-tests, standardized discriminant function coefficients, and correlations between discriminant scores and variable raw scores for competitors in combat and team sports.

[image: Table 1]The obtained canonical discriminant function is: Discriminant score = 0.729∗ Neuroticism + 0.617∗ Self-esteem + 0.198∗ Openness – 0.562∗ Conscientiousness – 0.229∗ Agreeableness – 0.137∗ Extraversion.

According to the group centroids it can be said that competitors in combat sports are characterized by a positive high score in conscientiousness, positive scores in agreeableness and extraversion (Figure 1). They are also characterized by low neuroticism and self-esteem, and low scores in openness to new experiences. Competitors in team sports have the opposite traits.
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FIGURE 1. Group centroids – distance between groups.




DISCUSSION

Main objective of our research was to examine individual differences in personality traits and self-esteem, as important psychological predictors of optimal adjustment and sports performance, in athletes participating in team sports and athletes participating in combat sports.

The largest group difference was obtained in the dimension of Conscientiousness. Competitors in combat sports are more conscientious than competitors in team sports. This result suggests that athletes participating in combat sports, because of the very nature of these sports, rely on their own strengths and confidence in personal skills and knowledge. In addition, combat sports are, apart from the competitive aspect, also envisaged for the development of self-control, persistence, and self-discipline (Bernacka et al., 2016; Kostorz et al., 2017), which make up facets of the Conscientiousness trait (Costa and McCrae, 1988; John et al., 1991; Larsen and Buss, 2009).

Second result suggests that competitors in team sports have significantly higher self-esteem than competitors in combat sports. This result is inconsistent with previous studies (Ali et al., 2013) which indicate that self-esteem is higher in team than in individual sports or those that show no differences at all (Akelaitis and Malinauskas, 2018). However, in our study, individual sports are combat sports, while in the study of Ali et al. (2013) these sports are mixed with other non-aggressive sports such as tennis and the like. Our assumption is that, given that self-esteem depends on social influences (Baumeister, 2013; Qurban et al., 2019), it is more fragile in individual sports in which there is no support from the teammates. Further, this finding can be related to body image of athletes. Although sport and physical activity in general are associated with more positive body image (Hausenblas and Downs, 2001; Sabiston et al., 2019), there are not relevant findings about the relations of body image and concrete sport. So, we could assume that lower self-esteem in combat athletes in our research is due to a specific appearance of fighters. Another assumption could be that lower-esteem in a subsample of combat athletes is due to the period of adolescence, in which our respondents currently are, that often corresponds with lower aspects of the identity status. Other than that, our findings can be explained in the context of organizational stressors that can impact athletes’ self-esteem, such as coaching stressors and competition demands (Tamminen et al., 2019), but this assumption needs more thorough further examination.

Neuroticism is significantly higher among competitors in team sports compared to competitors in combat sports. This result is based on the fact that in addition to mastering basic defense skills, the aim of training combat sports is to work on focus, the feeling of peace – deep connection with one self and work on self-control – control of impulses, because in combat everything depends on themselves, there is no division of responsibilities as in team sports (Allen et al., 2013; Bernacka et al., 2016; Kostorz et al., 2017). Another possible way to explain our result is that team sport athletes often experience negative interpersonal encounters with their teammates regarding team roles, communication difficulties or even selfishness (Rainey and Petkari, 2019) that may trigger manifestation of their higher levels of Neuroticism.

Our results do not indicate statistically significant differences in Extraversion which were registered in other studies (Nia and Besharat, 2010; Allen et al., 2011), nor in Openness to experience and Agreeableness, which were also not registered in other samples.



CONCLUSION

Our study has, to some extent, contributed to the knowledge of differences in individual differences between athletes in team sports and athletes in combat sports. The findings can be useful in the training process and in the psychological preparation of athletes. More precisely, the results show which personality aspects should be accentuated when working with athletes in martial arts (for example, self-respect) and which with the athletes in collective sports (for example conscientiousness). The limitations of the study are the unequal number of athletes in the two examined groups, as well as the potentially insufficient number of included variables which could in subsequent studies explain the obtained differences – such as the issue of identity status, physical self-awareness, and motivation for doing sports. The limitation relating to the number of examinees can be overcome by including not only a larger number of athletes but also athletes from various martial arts and collective sports.
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Objective: This systematic mixed study review, focuses on the use of observation methodology in elite men's football matches, which constitutes an innovative approach, that opens up a new panorama of useful and productive research.

Method: The methods used in this study follow the recommendations for systematic reviews and meta-analysis guidelines (PRISMA). The search was carried out in five databases. Ninety-four articles out of 3,195 were selected and analyzed. In order to achieve a quality assessment, the guide was used to inform evaluations based on observation methodology (GREOM) (Portell et al., 2015), recognized by the EQUATOR network.

Results: From the methodological review analysis, information obtained indicates that 97% of the researches used direct observation and 3% indirect observation. On the other hand, 56.5% of the articles explain the instrument used and 77% justify the applied observational design. A quantitative comparison of the proportions was made in several methodological aspects, which resulted in only 15.21% reviewing the quality of the data, and that 67.3% of the articles contributed to the mixed methods approach. The methodological review allowed us to establish procedural profiles. The results indicate that 67% of the articles have been published in English, and of these, 77% were published in journals that have an impact factor. The majority of the researchers, 53.26%, belong to Spanish entities. The most studied substantive aspects were goal (34%), possession of the ball (28%), and corner (27%). The most observed events were Leagues, World Cups, individual players and other events.

Conclusions: The results obtained refer to both substantive and methodological aspects and allow us to configure a systematic review of mixed studies, in which we emphasize the aspects of a “systematic review” and a “mixed study,” within an integrated perspective.

Keywords: professional soccer, mixed methods, systematic observation, methodological systematic review, GREOM


INTRODUCTION

Currently there is a growing interest in the realization of studies that evaluate the quality of research, combining conceptual, and methodological reviews. We know that systematic reviews present methodological conflicts when the leitmotiv focuses on a procedural interest. Despite that fact, there have been precedents in which the selection criteria for primary studies were carried out based on the combination of a methodological criterion and another noun (López-Fernández et al., 2017) or by considering procedural criteria, such as units of analysis or operationalization of constructs (Durach et al., 2017) or by focusing on terminological matters (Logan et al., 2018). We consider it an enrichment for the systematic mixed study review itself, and in our case, the vertebrate element consists of the combination of a methodological criterion, which is observational methodology, and a substantive criterion, which is elite male football; all inscribed in a mixed methods perspective.

According to Hong and Pluye (2018, p. 1), “Systematic reviews are considered among the best sources of research evidence, are used for decision making, and are helpful in coping with the rapidly increasing volume of scientific literature.” Now, if we specify more, “we (…) define a systematic review as a review of existing research using explicit accountable rigorous research methods” (Gough et al., 2012, p. 2) or, in more detail, “a systematic review is a review of a clearly formulated question that uses systematic and explicit methods to identify, select, and critically appraise relevant research, and to collect and analyze data from the studies that are included in the review” (Moher et al., 2009, p. 265).

The general claim of systematic reviews has been to obtain a comprehensive synthesis of evidence (Higgins and Green, 2011) about a space of knowledge in which various publications have been generated (Grant and Booth, 2009; Boland et al., 2013; Maden and Kotas, 2016). The “space of knowledge,” in this work, is procedural, which represents a new line of research, given that it will provide all the necessary elements to assess the strengths and weaknesses of research in mixed methodological aspects as well as in the substantive. We have taken a step forward, entering the mixed methods perspective, and according to Pluye and Hong (2014), mixed study reviews integrate qualitative, quantitative and mixed methods perspectives. These authors, in turn, define mixed methods as: a research approach in which a researcher or team of researchers integrates (a) qualitative and quantitative research questions, (b) qualitative research methods and quantitative research designs, (c) techniques for collecting and analyzing qualitative and quantitative data, and (d) qualitative findings and quantitative results (Pluye and Hong, 2014, p, 29).

Sandelowski et al. (2006), as well as Heyvaert et al. (2013), concur with Pluye and Hong (2014) in proposing the confluence of QUAN (quantitative), QUAL (qualitative), and MM (mixed methods) articles in systematic reviews. Each of them responds to its methodological approach, although here we are particularly interested in the focus on mixed methods. At present, systematic mixed study reviews have been proposed to provide an answer to a well-defined substantive question that internalizes an integration between qualitative and quantitative elements (Moseholm and Fetters, 2017).

Mixed methods can be conceptualized from epistemological debates between supporters of qualitative and quantitative aspects (Pluye and Hong, 2014), and it is required—and we advise—to use them with the utmost rigor, considering their differentiation from the multimethods approach (Anguera et al., 2018b), which has not always been clear. Guaranteeing integration and qualitative-quantitative symmetry (Anguera et al., 2017a), are questions that remain unresolved.

Male football, without contemplating a methodological plus, has been subject to other systematic reviews (Sarmento et al., 2014, 2018; Trewin et al., 2017; McGuckian et al., 2018), and is also an elite category in various sports (Spindler et al., 2018).

Performance in football is a polyhedral issue, a product of the dynamic interaction between competitors through game actions consisting of different complementary facets; physical, technical, tactical, etc. (Barbosa et al., 2013; Liu et al., 2016). In recent years we have witnessed a vertiginous evolution in the match analysis, mainly motivated by the emergence of automatic registration procedures, which allows the immediate acquisition of a large amount of data related to the positioning of the players in relation to the game (Castellano et al., 2014). However, these data, obtained through a computerized video tracking system, need to be enriched with other technical-tactical data, recorded semi-automatically through visualization, recording, and coding (Hernández-Mendo et al., 2014).

This evolution could not remain indifferent to the approach of mixed methods studies, which during the last two decades have overcome a traditional procedural confrontation that has affected all scientific fields, and consequently, also studies on sport (Anguera et al., 2017b) and therefore, on professional football. Johnson et al. (2007, p. 123) defined mixed methods research as “the type of research in which a researcher or team of researchers combines elements of qualitative and quantitative research approaches (e.g., use of qualitative and quantitative viewpoints, data collection, analysis, inference techniques) for the broad purposes of breadth and depth of understanding and corroboration” (Johnson et al., 2007, p. 123). This new methodological positioning has required a deep reflection on the key concepts of mixed methods and has promoted the articulation of ways in which to integrate qualitative and quantitative elements.

In the search for a rigorous and flexible methodological framework which allows the possibility of capturing the behaviors that unfold over time (Bakeman and Quera, 2011) and the consequent performance of diachronic analysis that allow the detection of regular behavioral structures we find that many of the studies analyzed have resorted to observational methodology (Anguera, 1979; Anguera et al., 2017b), and there is ample evidence over the last years in football (Jonsson et al., 2006; Castellano et al., 2007; Lapresa et al., 2013, 2015, 2016, 2018). This extensive scientific production in football, conducted from observational methodology, is based precisely on the need for investigations to adapt to mixed methods.

Currently, the observational methodology considered to be mixed methods in itself, has established that in the same study the stages QUAL-QUAN-QUAL are complemented, according to the connect path recommended by Creswell and Plano Clark (2011) in addition to the merged and embed paths. We consider that this approach is optimal, given that it starts (QUAL stage) with a qualitative collection of data, which can initially be descriptive, but will be systematized, especially when it is already coded from the ad hoc prepared observation instrument. This provides all the information collected in a matrix of codes, with columns as the dimensions/sub-dimensions of the observation instrument, and rows as the contemplated observed units. This is then segmented according to the established criteria in each case. In a second stage (QUAN stage), the quality control of the data is carried out and once passed, a quantitative data analysis is carried out. This provides the results of the study, which, in a third stage (QUAL stage) is interpreted in light of the scientific problem posed and the results are then obtained by reference authors of the question studied.

From this proposal by Creswell and Plano Clark (2011), we highlight the relevant role of connect, that reveals the value of the transformative capacity that the data facilitates for the intended integration (O'Cathain et al., 2010), which in recent years had promoted conceptual and procedural advances.

As indicated by Anguera and Hernández-Mendo (2014), at the dawn of Sports Psychology there was hardly any observation known as a research methodology (Tod et al., 2010). It was Martens (1979), on the one hand, and Smith et al. (1977), on the other, who respectively proposed the use of observation in the field of sport and proposed an initial observation instrument.

Biddle (1997), who in a study in the most prestigious journals of the time—The Journal of Sport and Exercise Psychology (ISEP) and The International Journal of Sport Psychology (IJSP)—realized that during the nineties, most quantitative sports studies were based on regression and discriminant analysis techniques, and most qualitative sports studies focused on interviewing and content analysis. And Morris (1999) reported that observational studies (in addition to case studies) accounted for 2% of scientific production in this field between 1979 and 1998. Consequently, the use of observation in sport was negligible.

Bakeman and Gottman (1997, p. 3) define systematic observation “as a particular approach to quantifying behavior,” that marks an issue of exceptional transcendence and that we have always had in mind. In our research group numerous works have been published (Anguera, 1979, 2003; Anguera et al., 2001, 2017a, 2018a; Blanco-Villaseñor et al., 2003; Sánchez-Algarra and Anguera, 2013; Portell et al., 2015), over several decades, which have contributed to the consolidation of the observational methodology. It is a “new” way of carrying out scientific studies in situations in which both the naturalness of the situation and spontaneous behavior are respected. In the eighties and nineties more works were published that are considered precursors of systematic observation, and in the sports field, and, specifically, in professional football, it has had high applicability.

In Anguera et al. (2017b), one more step is taken, justifying the inclusion of purely observational studies of sport and physical activity as mixed methods, and we did various works that go in this direction (Camerino et al., 2012b; Anguera et al., 2014; Anguera and Hernández-Mendo, 2016), establishing that observational methodology can be considered a mixed method in itself and therefore, through successive stages combines qualitative and quantitative elements.

Observational research applied to the study of sport, starting in the first decade of this second millennium, has been progressively structured on solid methodological foundations that we can consider consolidated today, in regards to observational designs (Anguera et al., 2011), and the record's systematization and coding (Anguera and Blanco-Villaseñor, 2003). In addition, in recent years, work has been done not only on the consolidation of direct observation (Anguera, 2003; Sánchez-Algarra and Anguera, 2013; Portell et al., 2015; Anguera et al., 2017b), but in the conceptualization and development of indirect observation (Anguera et al., 2018c), which can be very relevant in the study of different aspects of professional football.

A recent milestone (July 2017) of great importance, highlighting the relevance of observational methodology, is the publication of guidelines for the evaluation of the effectiveness in studies based on observational methodology, that can be found on the EQUATOR Network [http://www.equator-network.org/reporting-guidelines/guidelines-for-reporting-evaluations-based-on-observational-methodology/], and which are open to the international scientific community. Highlighting the incidence of systematic observation in scientific studies of sport—which of course includes football—it is equally relevant that in 2016 a Research Topic was launched in the journal Frontiers in Psychology, with high visibility, entitled Systematic observation: Engaging researchers in the study of daily life as it is lived [http://journal.frontiersin.org/researchtopic/4846/systematic-observation-engaging-researchers-in-the-study-of-daily-life-as-it-is-lived], which has intensified the use of systematic observation, and in 2018 the same scientific journal initiated another Research Topic entitled Best Practice Approaches for Mixed Methods Research in Psychological Science [https://research-topic-management-app.frontiersin.org/manage/8170/dashboard], in which a good number of articles consider, already previously justified in Anguera and Hernández-Mendo (2016) and Anguera et al. (2017b), that observational methodology could be regarded as mixed methods in itself. We hope that they will follow the advances mentioned in synthetizing (Anguera and Hernández-Mendo, 2019). In this work we adopt the assertion, that the observational methodology could be considered as mixed methods in itself as leitmotiv.

Currently, experience of this approach has been gained aiding its application through indirect observation and now in the field of sports (García-Fariña et al., 2018), which initially only appeared as possible in direct observation (Anguera et al., 2017b, 2018c; Anguera, 2019, 2020).

The interest in the integration between qualitative and quantitative elements is the leitmotiv that in recent years most characterize authors who are positioned in the mixed methods approach, and this influence shows a growing maturity, which is progressively being implemented in scientific literature (Onwuegbuzie et al., 2009; O'Cathain et al., 2010; Moseholm and Fetters, 2017).

The objective of this systematic mixed study review focuses on the use of observational methodology without neglecting the substantive in elite male football matches, constituting an innovative approach that opens up a new useful and productive research landscape.

This unfolding interest for the new advances in mixed methods allows us to argue that this study on the systematic mixed study review focuses on the procedural aspect of systematic observation, although it is substantively situated in studies carried out on elite football.



METHODS


Procedure

According to the recommendations of the elements of the Preferred Reporting Items for Systematic reviews and Meta analyses Guidelines (PRISMA) to present the findings of systematic reviews (Liberati et al., 2009), the search was carried out in electronic databases; these databases included the web of science, Scopus, ProQuest, Google Scholar, Scielo, and Dianet plus. The topic focused on observational research in elite football. The temporary location of the bibliographic references corresponds to the period from January 1996 to December 2018. The descriptors used were football, soccer, men, analysis, observation, defense, match analysis, performance analysis, notational analysis, game analysis, tactical analysis, and game patterns.

The inclusion criteria were as follows: empirical articles in Spanish, English, and Portuguese, published in any country, in the indicated period that contained some of the descriptors, specification of the objective, and guarantee that they had a minimum of quality in accordance with the selected GREOM scale (Portell et al., 2015), and also the checklist to measure the quality of the reporting of sports-related observational studies (Chacón-Moscoso et al., 2018). Exclusion criteria included: other sports, women, children, other research and population methods, coaches, and goalkeepers. The review process was carried out with the keywords and the Boolean operator AND, OR, NOT. Ninety-four articles of a total of 3,197 were selected and analyzed through a systematic mixed methods review.

The search procedure was carried out simultaneously by two of the main investigators, then the articles were selected by relevance of title and objective topic, continuing with the reading of the abstracts by those responsible for the search. The researchers compared the articles, grouping them into categories according to the minimum quality of the GREOM, then analyzed the differences and discussed those that presented some doubts. Finally, once the final selection was made, a complete reading of the selected documents was submitted, subject to the approval of both researchers. When doubts had no solution, a third party was consulted to define the selections; this entire procedure was carried out to avoid the risk of bias.

The process of selecting the primary documents is shown in the following PRISMA flow diagram (Figure 1).


[image: Figure 1]
FIGURE 1. Selection process of primary documents.




Issues for Methodological Review

We have referred to the GREOM guide (Portell et al., 2015), which provides consistency and strength to the scientific logic of observational studies, when considering the following aspects:


Direct/Indirect Observation

Within the framework of Domain A of the GREOM, and the result of the conceptualization that has been carried out over the last few years, the difference between direct (Sánchez-Algarra and Anguera, 2013) and indirect observation (Anguera et al., 2018c; Anguera, 2019) has been clarified, which basically corresponds, respectively, to total or partial perceptivity. Direct observation is considered a situation in which the starting point is the recording of the game sessions and is, therefore, derived from visually perceptible information. On the contrary, works in which documentary, tabular or graphic information from a sports institution or companies that make these data bases, were considered as an indirect observation. This differentiation should barely affect the development of the stages of the procedure.



Observational Design

Domain B of the GREOM specifies the relevance of the observational design, which acts as a guideline for the researcher conducting the study. The concept of observational designs (Anguera et al., 2001, 2011) has contributed to consistency in the use of observation in sports (Anguera and Hernández-Mendo, 2014). A new flexible structure has been configured that channels scientific procedure from perceptible reality data, and a clear congruence has been fostered in the construction of instruments, in the decision about the data, and in possible subsequent data analyses.



Observation and Recording Instruments

Both instrument modalities are required in systematic observation studies. Bearing in mind that the observation instrument is of a non-standard nature, and has been tailor-made (ad hoc), following the GREOM guidelines its modality is specified (category system, field format, combination of field format and category system, or rating scales) (Anguera et al., 2007; Sánchez-Algarra and Anguera, 2013). It also indicates what recording instrument, a computer program (Hernández-Mendo et al., 2014), was used to carry out the recording and/or, where appropriate, what electronic device was used (such as tracking systems, and others).



Record Parameters

There are many types of records, from descriptive or non-systematized to those that are fully systematized, and that is what is required. In these, as proposed by Bakeman (1978), it is fundamental to differentiate between the primary record parameters, which are the three progressive levels of frequency, order and duration (Anguera et al., 2017b). Depending on the decision of each case, which is highly relevant, and congruent with the proposed observational design, the lines to follow with regards to data quality control and data analysis are set.



Data Quality

In systematic observation studies, perceptual (possible unobservability, vision field reduction, etc.) and interpretative difficulties are frequently found (discretion when applying the regulation, even if it is minimal, in certain actions), and records are therefore potentially affected by various types of biases (Anguera et al., 2018a), both in inter-observers, where appropriate training is relevant, and as intra-observers, which seeks to reveal interpretative stability. Currently, the interest in complementing quantitative and qualitative approaches in the same study when carrying out data quality control has increased (Arana et al., 2016). Ample documentation on data quality exists (Blanco-Villaseñor, 1991, 1993, 2001), and specific information from each work is collected.



Analysis of Data and Results Obtained

From the methodological structure of observational studies, data analysis is not a capricious or unsubstantiated question, but should depend on the observational design and the nature of the data (Blanco-Villaseñor et al., 2003). There is therefore a wide range of analytical possibilities, which are basically characterized as quantitative types of analysis that stem from qualitative data, responding to the integration of qualitative and quantitative elements that characterize mixed methods.





RESULTS


Descriptive Analysis

Of the total articles (94) analyzed, 64 are written in English (68%), 23 in Spanish (24%), and 7 in Portuguese (7%). The first article in the systematic review that gathers scientific information on observational analysis of male elite football is from 1996. After 2000, an increase in the presence of these studies is observed

Next, different aspects related to the primary works are reviewed:


Country of Origin of the Institutions Where Authors Belong

As for the institutions to which the authors belong, the vast majority, 54% (51) include universities in Spain (considering the participation of all universities in Spain and agreements with other institutions), making it the country with the greatest representation. Brazil is second, with 14 (15%) universities and the United Kingdom third, with 10 (10%) institutions see Table 1.


Table 1. Country of origin of the institutions where authors belong.

[image: Table 1]

The vast majority (94.68%) of work come from universities, except for three articles that belong to a research institute (3.19%) and two others that do not specify their origin (2.12%).



Journals in Which Primary Studies Were Published and Impact Factor

The total number of journals in which the 94 articles were published was 36. Of this total, 14 [with 50 publications (53%)], have an impact factor, and 22 [with 44 publications (46%)], were not published in impact journals. The Journal of Sport Sciences presents the largest number of selected papers, with a total of 13 articles, which corresponds to 13.8% of all publications (94) and 36% of all journals (36), see Table 2.


Table 2. Journals in which primary studies were published and impact factor.
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Authors, Publication Years, Aim of Study, and Observed Events

The articles were ordered alphabetically by author, and they were assigned a numerical code, in order to facilitate their location and expedite their use. Table 3 presents authors, publication year, object of study, and observed events.


Table 3. Authors, publication years, object of study, and observed events.
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Authors

Of the total selected articles, 10% (9) are signed by a single author and 90% (85) are a collaboration of two or more authors.



Object of study

In order to find common references among the different primary works, the following terms were selected from professional football, as categories coined as such by various authors, which allowed the development of an illustrative table: goal, corner, winning, draw, losing, possession balloon, pass, home and away, distance and speed, fouls, and cards, 1 × 1 duel, penalty, marking, number of attackers, free kick, number of defenders, tactic, transition, formation.

Once the object of study is identified in each of the articles, shown in Table 4, the specific football categories observed in each study are specified.


Table 4. Football-specific categories that are part of the object of study in reviewed articles.
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The specific issues most studied were those related to the goal 32% (31), ball possession with 27% (26), corner with 27% (25), winning, drawing, losing with 23% (21), passes with 21% (20), Home and away and distance with 16% (15), each one; 1 × 1 duels with 14% (13), fouls and/or Red and/or yellow cards with 10% (9), penalty with 9% (8), attackers and free throws with 7% respectively (6), defenders 5% (5), Classification and tactics with 4% respectively, transition and formation with 3%, respectively. It is necessary to indicate that in almost all the primary documents, several questions are studied. The total articles in this paragraph thus exceeds 100%.



Item Observed events

We have considered it important to review it, although being very aware that the quantity of these do not imply a greater quality or depth of the analysis of the investigation.

In terms of the number of games studied, 24 analyzed between 1 and 20 games, 23 articles analyzed between 21 and 50 games, 21 articles analyzed between 101 and 500 games, 10 articles analyzed between 51 and 100 games and 7 articles analyzed more than 500 games. The rest of the articles analyzed isolated games or events that were not considered when selecting the number of events (hence the sum of these articles does not represent the total of the primary documents).

Four criteria can be distinguished, descending in number of articles: 1. Leagues, 2. World, 3. Other studies, and 4. Individual player analysis.

Leagues are competitions that generate the most interest in football reviewed works, with a total of 47 (50%) articles. The Champions League (15) is the most studied; followed by the Spanish League (14), the Premier League (6), La Liga Italiana (4); The French and the Bundesliga, with 3 investigations respectively; and finally an article from each of the following leagues: Brazilian, Norwegian League, Greek Super League and the League of Romania. It is necessary to clarify that more than one event could be studied in the same article, although in this study we tried to discriminate between them or explain each one separately, and therefore the sum of frequencies is not the total of the primary documents used.

World Cups occupy the second place as a study event, with a total of 30 (29%) investigations. The most studied world cup is South Africa 2010, which presents 11 articles; followed by Germany 2006 (6); France 1998 (5); continues Japan 2002 (3), and sharing last place; 1994, 2004, 1990, Italy 1990 and Brazil 2014 all with one investigation.

The third place of research interest is occupied by various sporting events, with 18 (19%) articles on the UEFA European Championships in different periods. There are also other articles that focus on games played in several world cups, seasons or championships which were followed for several years. Finally, teams from Brazil, Slovakia, Spain, and England were studied in their own nation's championships and/or in several seasons.

In fourth place there are single case studies focused on the in-depth study of an athlete, and that correspond to Messi and Laudrup, individually for each, in one case, and to Messi and Ronaldo, comparatively, in another.




Methodological Review of the Selected Articles

According to Gough et al. (2012) and Gough (2015), we can prioritize particular characteristics. In this sense, to carry out an adequate screening we have chosen to identify the basic methodological characteristics of the published work, with acute awareness that the option for each one indicates a certain procedural positioning.

The methodological review of the primary documents has been carried out according to the aspects outlined in section Issues for methodological review.

Table 5 shows the 94 primary works related to the analytical review carried out. We try to show the existing procedural differences between primary documents that are manifested from the GREOM application. This allowed us to detect that statistically significant differences exist in the comparison of the following procedural aspects:


Table 5. Analytical review of primary works according to a GREOM adaptation (Portell et al., 2015).
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(a) Directobservation vs.indirect observation,(b) observational design(IPU: Idiographic/Point/Unidimensional, NPU: Nomothetic/Point/Unidimensional, IFU: Idiographic/Follow-up/Unidimensional,NFU: Nomothetic/Follow-up/Unidimensional,IPM: Idiographic/Point/Multidimensional,NPM: Nomothetic/Point/Multidimensional,IFM: Idiographic/Follow-up/Multidimensional,NFM: Nomothetic/Follow-up/Multidimensional)vs. no observational design, (c) frequency vs. order parameter, (d) data quality control vs. no data quality control, (e) only descriptive analysis vs. non-descriptive data analysis, and (f) only descriptive analysis vs. detection of regularities (although this one with less statistical significance).

Additionally, comments are included regarding relevant information not included in the previous methodological structure, constructed according to the selected minimums of GREOM.

Using the 94 primary documents, a detailed comparison analysis of proportions has been made in order to know if there is a statistically significant difference between the indicators of the methodological procedure specified in GREOM, considered in Table 5 (see Table 6). Among the results obtained, the highly significant difference, compared to the initial approach of the study, between the use of direct observation vs. indirect observation stands out, as well as that of an observational design proposal compared to those who did not propose it. Similarly, among the primary works studied, there is also statistically significant differences between studies in which only the frequency parameter was used in comparison to those based on order and duration parameters. A significant difference was also found between the authors who carried quality controlled the data and those who did not. Finally, there was also a significant difference between authors who only used descriptive statistics compared to those who used other analysis techniques (although some of them also made a descriptive analysis).


Table 6. Proportion comparisons corresponding to quality indicators of the observational methodology.
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From the results obtained, we can suggest some methodological profiles that emerge from the primary documents analyzed, which are presented in Table 7. This proposal of methodological profiles for primary articles is based on the detailed methodological revision (Table 5) and provides five possibilities that offer a gradation of methodological consistency in descending order. Except for the E (Miscellaneous) profile, they constitute procedural schemes that are of interest and can be considered as reference guides for new works in this area.


Table 7. Profiles that emerge from the systematic review.
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DISCUSSION

This systematic mixed study review has been carried out in order to synthesize 92 observational studies on elite male football. It continues by first stating some aspects derived from the descriptive analysis, and then refers to the mixed method approach. Next, some aspects derived from the descriptive analysis are exposed, and then refers to mixed method approaches.



Descriptive Perspective Discussion

From a descriptive perspective, the country of origin of the authors institutions, the journals in which the articles are published and their range in terms of impact factor, authors and publication year, object of study, observed events, basic football categories, and different types of events were considered as substantial aspects.


Country of Origin of the Institutions Where Authors Belong

Table 1 shows the country of origin of the institutions where authors belong. The country which corresponds to the majority of the institutions where authors belong is Spain (32), which represent 33.68% of the total primary documents, and with 54% participation from other institutions (51). This data has a double interpretation: on the one hand, Spain has some of the best football teams in the world and also has a large number of followers. On the other hand, the development of observational methodology is vanguard in that country, which is evident by the development carried out in the last two decades as well as the growing number of publications in scientific journals, especially in computer program construction (Hernández-Mendo et al., 2014), generalizability theory development (Blanco-Villaseñor, 2001), the application of certain quantitative analytical techniques aimed at detecting behavior patterns, such as sequential analysis of delays (Bakeman and Quera, 2011; Lapresa et al., 2013, as a sample, according Bakeman, 1978), polar coordinate analysis (Castañer et al., 2017, as a sample, following Sackett, 1980), or T-Pattern detection (Jonsson et al., 2006, as a sample, following seminal works of Magnusson, 1996, 2000, 2018), which combine the two characteristics of suitability for categorical data as well as providing relative information about the structure of regularities detected in the game from different approaches.

We also have 11 articles with Brazilian authors, occupying the second place. It is explained by the great interest that football arouses in Brazil, although publication quality is not highlighted, most are not in English nor of high impact, and it is necessary for observational methodology to be further developed.

The third country with the highest number of authors of origin is England, where there is also a great fondness for football and high interest in match analysis.




Journals in Which the Articles Were Published in and Impact Factor

As reflected in Table 2, the primary documents were published in 36 journals, highlighting the Journal of Sports Sciences with 12 primary documents (13% of the total), which has an impact factor of 2,539 (2016), in quartile 1.

With 32% of articles were published in impact factor journals such as the Journal of Human Kinetics, European Journal of Sport Science, International Journal of Performance Analysis in Sport, International Journal of Sports Medicine, Frontiers in Psychology, and all with 5% and 4% contributions, indicating between 5 and 4 articles published. A very similar percentage among all of them indicates that, although with some variation, that all journals have a very similar interest in this type of research.

Of the 36 journals in which primary documents of this research have been published, 22 have an impact factor, which represents 77% of the total. From this we interpret that these journals are interested in publishing research carried out through observational methodology.



Authors, Publication Year, Object of Study, and Observed Events

In terms of the number of games studied per investigation, the largest number of articles, 22, studied between 1 and 20 games, 20 articles analyzed between 21 and 50 games, 18 articles studied between 101 and 500 games, 9 articles analyzed between 51 and 100 games and 6 articles analyzed more than 500 games.



Football-Specific Categories That Are Part of the Object of Study in Reviewed Articles

Table 4 shows how goals occupy the central place of interest, in line with the words of Roffé et al. (2007, p. 228), “In the sport of football, the most important event that can happen during a competition is probably the goal, for any of the two opponents. It is evident that there are others (substitutions, expulsions, errors, half part) that also have a certain value, but that may not have the determining capacity of the goal in the final result.” The goal was observed in 31 investigations, in 34% of cases. The second place of interest is ball possession, which is very important in football and was studied on 26 occasions. Third, stand out corner kicks considered as strategic plays, were observed in 28 primary documents, which shows the great importance of this type of play, not only for researchers but for football in general.

On the other hand, we can see that the events that garnered the most interest are those that received most coverage through the media and those that are more often followed by soccer fans, such as football world championships, championship competitions and national leagues. Investigating at an individual level the most outstanding players called, “prodigies,” are also interesting, such as Messi, Ronaldo, or Laudrup.



Methodological Approach

In accordance with the Guidelines for reporting evaluations based on observational methodology (GREOM) (Portell et al., 2015), recognized by EQUATOR Network, the analytical review of primary documents has allowed to evidence the procedural profile of each work, from the approach of the observational methodology.

In Table 6 the methodological structure of each primary document is presented in detail, which has allowed for a procedural profile extraction, considering the A domains corresponding to the observation type (direct/indirect); B, corresponding to Method (observational design, observation and recording instrument, primary parameter of registration, and data quality control); and C, corresponding to data analysis.

From the detailed analysis of each primary document it has been possible, on the one hand, to make a proportional comparison between the compliance or lack thereof of different methodological aspects (see Table 6); and, on the other, to extract different profiles, which allow us to reflect on the mixed methods perspective (see Table 7).




Systematic Mixed Study Review Discussion

According to the profile that should characterize it, the integration made between qualitative and quantitative elements stands out, as required by the mixed method perspective, and from a double point of view.

On the one hand, the primary documents conform to the observational methodology, and in certain cases it can be considered a mixed method in itself. In Anguera and Hernández-Mendo (2016), it is argued that the observational methodology approach, based on qualitative-quantitative complementarity, consists of an orderly succession of stages, which are: 1) obtaining qualitative data, 2) progressive transformation in a quantification record process—although the quantitizing that we propose is not used by Tashakkori and Teddlie (1998) or Sandelowski et al. (2009), 3) quantitative treatment of information from analytical techniques adequate for categorical data (Anguera et al., 2014), 4) Result interpretation with a return to qualitative data, perfectly embedded in mixed methods.

Classical authors in the mixed methods discipline, such as Creswell et al. (2003, p. 233), refer to quantification, as we have indicated in the Introduction. But the great difference with observational methodology (Anguera et al., 2017b), in favor of it, is that quantification is more robust, since it is not only based on the counting of behavior occurrences, such as frequency, but in other primary parameters (Bakeman, 1978; Anguera et al., 2001; Bakeman and Quera, 2011; Quera, 2018) such as order and duration, which present a progressive order of inclusion.

Deepening this issue further, in Anguera et al. (2017b), it is clearly argued that quantification (also known as “quantitizing”) in observational methodology is particularly robust, and the progressive inclusion order of the primary frequency-order-duration parameters (Bakeman, 1978) refers to the fact that frequency is the parameter that provides the least information, order adds sequence information essential for the detection of regularities (patterns of behavior) and knowing the structure that emerges from recorded data—and duration adds to order and frequency time units that can successfully contribute to modulating regularities and structure information.

In Anguera et al. (2017b, p. 6) it is said: “This specific consideration of the order parameter is crucial for detecting hidden structures through the quantitative analysis of relationships between different codes in systematized observational datasets (…). Precisely because it contains information on order and duration, the initial data set, which is derived from an extremely rich qualitative component, can be analyzed using a wide range of quantitative techniques, producing a set of quantitative results that are then interpreted qualitatively, permitting seamless integration.” Consequently, the order parameter is essential in this quantitizing that we contemplate, and that we collected in profile D of Table 7. This shows how the 13 primary documents that form it can be considered mixed methods themselves, by realizing the quantitizing using the order parameter from the registry. Furthermore, as a result of this quantitizing power, it is possible to perform a powerful quantitative analysis, such as the lag sequential analysis (Lago-Peñas and Anguera, 2003; Silva et al., 2005; Barbosa et al., 2013; Lapresa et al., 2013; Barreira et al., 2014) and more recently, the polar coordinates analysis (Castellano and Hernández-Mendo, 2002b; Castañer et al., 2016, 2017; Aragón et al., 2017), or T-Pattern detection (Cavalera et al., 2015; Amatria et al., 2017; Lapresa et al., 2018), all of them originating from qualitative data.

From another point of view, an integration between qualitative and quantitative elements was also made here: the qualitative review was carried out on different procedural aspects of the GREOM in all primary documents and the quantitative analysis made by the proportion comparison (Table 6) allowed us to delimit the different methodological approaches made in systematic observation studies and to quantitatively know to what extent they have been contemplated in the primary documents.




LIMITATIONS

As in all research work, different limitations should be noted:


a) Traditionally, few mixed methods studies have been published in the field of Sports Science, as evidenced in Table 1 of Anguera et al. (2017b). The number of studies is smaller if we focus on observational studies (Camerino et al., 2012b), with even fewer studies on elite male football.

b) There is still no methodological “culture” on systematic observation in the case of some authors, and a consequence of this limitation is the high number of works in the E profile (Miscellanous), in which there are missing elements that we consider substantial for this methodology.

c) We previously referred (section Journals in which primary studies were published and impact factor) that 22 of the journals that primary documents were selected from for this study have no impact factor. Although a minority in comparison to the total, we would have preferred better data.





CONCLUSIONS

Based on a careful selection of 94 primary documents, a systematic mixed study review of observational studies in elite male football has been carried out. A comprehensive synthesis of evidence the aim of this study, which was reached after conducting a rigorous review of primary documents from different points of view.

A rare feature, but on which authors have placed special emphasis, is to consider this review both from the methodological approach and substantive approach.

For the systematic review carried out, the mixed methods perspective was adopted because it is one of the most relevant approaches on the field. This method is extremely powerful and is considered the best analysis approach for scientific studies on football. Within this approach, observational methodology is the leitmotiv that structures all elite male football studies, and GREOM is used as the guiding thread. Consistent with this approach, each of the different essential aspects were considered in the revision of the primary documents, and the differences between them have been assessed. Likewise, some profiles have been developed that allow methodological characterization of each of the primary documents.

Finally, we position ourselves in the mixed methods perspective, with the desire to integrate qualitative and quantitative elements in conventional systematic reviews, and have thus added the preparation of some methodological profiles which open new perspectives.
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Annual draft combine test of National Basketball Association (NBA) is a key player testing process where prospective players with extraordinary athletic abilities are evaluated and the assessment results would further inform the determination of prospective players for the league during draft day. Nonetheless, key attributes from the combine test that distinguished successful players in the draft from those unselected has yet to be investigated. The study was aimed to: (i) compare the difference between NBA drafted and undrafted players from five playing positions, considering anthropometric characteristics and physical fitness ability during draft combine test; and (ii) determine the key combine test factors that most effectively discriminate between draft groups. A total of 3,610 players participating in the 2000–2018 NBA draft combine test were included. Independent t-test was applied to compare difference between drafted and non-drafted players in variables related to anthropometrics, and strength and agility test. A descriptive discriminant analysis was subsequently used to identify which variables could best discriminate between two draft groups in each playing position. The significance level was set at p < 0.05. The drafted players from five positions outperformed the undrafted in height, wingspan, vertical jump height and reach, line agility and three-quarter sprint test (p < 0.01, ES = 0.26–0.87). The discriminant functions for each position (p < 0.001, Λ = 0.81–0.83) were emphasized by specific variables that discriminated both draft groups. The findings revealed that in addition to height and wingspan, leg power served as key determinants for being drafted as guards, as did agility and speed for power forwards and centers.

Keywords: agility, speed, leg-power, NBA, talent identification


INTRODUCTION

Generally, the athletic ability of basketball players is a multi-dimensional competence constituted by a series of factors, such as morphological characteristics, physical fitness, technical and tactical skills, or mental abilities (Ostojic et al., 2006; Köklü et al., 2011; Ferioli et al., 2018). This ability is positively associated with players’ future career achievements and success within highly competitive level (Hoffman et al., 1996; Berri et al., 2011; Teramoto et al., 2018). Among all factors related to athletic ability, morphological features is placed at the primary place during players’ evaluation and selection (Vaquera et al., 2015). Particularly, height and weight would be critical when establishing players’ on-court positions (Dežman et al., 2001). Together with upper limb length and standing reaching height, these factors could influence players’ match performance in game situation and predict whether these athletes will reach the top level in basketball (Apostolidis and Emmanouil, 2015; Garcia-Gil et al., 2018).

Whilst due to the physically demanding characteristic of basketball, players are required to execute various high-intensity actions and quick reactions within short interval of periods during the game, like sprinting, dribbling, shuffling, jumping and fast change of directions (Ben Abdelkrim et al., 2010; Alemdaroğlu, 2012). Therefore, the physical fitness is usually considered as an essential factor that determines the development of other athletic abilities to a large extent. Because all those functional, technical and tactical activities are made possible due to elite players’ muscular power of upper and lower limb, speed, agility and coordination at elite level (Hoare, 2000; Ostojic et al., 2006; Fort-Vanmeerhaeghe et al., 2016). Indeed, these fitness abilities are considered more important for high-level basketball players due to the fact that aerobic fitness level is not a strong discriminant characteristic between professional and semi-professional players (Köklü et al., 2011; Ferioli et al., 2018), and success in basketball is more dependent on players’ anaerobic power (Hoffman and Maresh, 2000).

Previous studies have designed various physical fitness tests to assess these specific muscular performance of basketball players (Hoffman et al., 1996; Erculj et al., 2010; Alemdaroğlu, 2012; Conte et al., 2018). For instance, via vertical jump test, it is found that vertical jump heights were similar between different playing positions, and elite basketball player would have standing vertical jump values higher than 60 cm and maximal vertical values higher than 80 cm (Ostojic et al., 2006; Mehran et al., 2016). Moreover, professional forwards and guards showed superior sprinting and agility performance than centers (Köklü et al., 2011).

The National Basketball Association (NBA) brings together the best men’s basketball players from all over the world and is also considered as the most competitive men’s basketball league worldwide (Sampaio et al., 2015). Since 2000 in Chicago, it annually hosts a draft combine that includes a series of standardized measurements and performance testing programs in order to help executives of the NBA teams to evaluate and identify prospect talents. Within the combine test, anthropometric, athletic abilities and shooting skills of players will be examined and information gained during this process will be critical for decision-makers to later pick those meeting their needs. However, research on the NBA draft has been relatively scarce. Mehran et al. (2016) found similar combine test performance between players who previously suffered from anterior cruciate ligament injuries and those without knee injury. The study by Teramoto et al. (2018) implied that length-size and upper-body strength demonstrated during draft combine were more highly related to the future on-court performance. Little is known concerning the difference in test results between drafted players and those unselected. Besides, more evidence is needed to confirm which combine test factors could effectively predict successful draft if game-specific positions were accounted for. This may allow for a better understanding about the draft data and set realistic benchmarks for other leagues that strive to reach NBA level.

Based on this rationale, the purpose of this study was twofolds, (i) to investigate the difference between NBA drafted and undrafted players from five playing positions (point guard, shooting guard, small forward, power forward and center), considering anthropometric characteristics and physical fitness ability during draft combine test; and (ii) to determine the key combine test factors that most effectively distinguish both draft groups. According to the existing literature, it was hypothesized that drafted players would outperform undrafted in all test-related statistics, except for body fat and there would be position-specific predictors to draft result.



MATERIALS AND METHODS


Subjects

In the study, basketball players who participated in the NBA Draft Combine from 2000 to 2018 were sampled as subjects. All participating players were required to have at least an age of 19 years during the draft year (Teramoto et al., 2018). Normally, the Combine contains the following tests: anthropometric measurement, strength and agility test, non-stationary and spot up shooting tests. However, due to the fact that detailed data of shooting tests from 2000 to 2013 are not available1 (accessed in 22/12/2018), the study only considered the former two tests. Data of test results were made available by Beitai Digital China Company (Beijing). The Company maintained the anonymity of player complying with European Data Protection Regulation. In total, 3610 player observations were included (drafted: 1,160, undrafted: 2,450). The study was approved by the research commission of Beijing Sport University with Approval No.: 2019068H and all procedures are conducted following the European General Data Protection Law in order to maintain the anonymity of sampled players.



Procedures and Variables

All players were divided into five playing positions according to their position information registered during the draft2 (accessed in 11/12/2018): point guard (PG, n = 691), shooting guard (SG, n = 861), small forward (SF, n = 851), power forward (PF, n = 851) and center (C, n = 560). If a player was identified with two playing position (e.g., PG-SG or SG-SF), we just classified him based on the first position. The average ages (years) for drafted (n = 184) and undrafted (n = 507) PG are 20.4 ± 1.22 vs. 22.1 ± 0.97; for drafted (n = 270) and undrafted (n = 591) SG: 20.7 ± 1.37 vs. 22.1 ± 0.93; for drafted (n = 253) and undrafted (n = 394) SF: 20.8 ± 1.49 vs. 22. 3 ± 1.18; for drafted (n = 270) and undrafted (n = 581) PF: 20.7 ± 1.54 vs. 22.2 ± 1.16; for drafted (n = 183) and undrafted (n = 377) C: 20.5 ± 1.54 vs. 22.1 ± 1.3.

The drafted players were significantly younger than the undrafted counterparts (p < 0.01, z = −8.305 to −6.93, r = −0.63 to −0.43, medium to large effect sizes).

As previously noted that the current study analyzed the anthropometric characteristic and strength and agility test performance within NBA Draft Combine, fourteen combine measurement variables from these two categories were selected. The anthropometric variables were: height without shoes, weight, wingspan, standing reach, body fat percentage; while the strength and agility variables were: no step vertical jump, no step vertical reach, max vertical jump, max vertical reach, bench press, lane agility and three-quarter court sprint. Before starting the strength and agility testing, players always warm up and stretch for 10–15 min and receive proper instruction and a demonstration of each test. When the testing begins, it follows the order of no-step vertical jump, maximum vertical jump, lane agility, three-quarter sprint and bench press, and the rest intervals between tests are at least 2 min. The detailed explanation of these variables is shown in Table 1. Additionally, those variables originally in United States customary units (feet/inches/pounds) were converted into equivalent International System of units (cm/kg). The existing literature showed that these tests and measurements were selected by NBA conditioning coaches and were valid and reliable methods to evaluate anthropometric and physical characteristic that are vital for basketball-specific performance (Foran and Pound, 2007; Ferioli et al., 2018; Teramoto et al., 2018).


TABLE 1. List of NBA combine measurement variables, definition, and measurement protocol.
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Statistical Analyses

Data of analyzed combine measurement variables are presented as mean and standard deviation (SD). After testing data normality distribution (Shapiro–Wilks test) and equal variances of compared variables, the independent t-test was applied to investigate difference between drafted and undrafted players in these variables, regarding five playing positions (PG, SG, SF, PF, and C). While Man–Whiteney U test was run for other variables when the assumption of homogeneity of variances is violated. In order to interpret the meaningfulness of differences, the Cohen’s d was used as effect size statistics for t-test and was calculated and interpreted according to the following thresholds: 0.2, trivial; 0.6, small; 1.2, moderate; 2.0, large; 4.0, very large; and ≥4.0, extreme large (Hopkins et al., 2009). Meanwhile r was used as effect size for Man-Whiteney U test and interpreted for t-test according to the following thresholds: 0.3, small; 0.50, moderate; ≥0.5, large (Cohen, 1988).

Based on the results of previous test, we selected the variables that are shown to be significantly different between drafted and undrafted players within each playing position. Afterward, a descriptive discriminant analysis was used to identify which measurement variables could best discriminate drafted and undrafted players. The effect sizes of the discriminant functions were assessed by squared canonical correlation ([image: image]), which explains the variance associated with each function; and partial eta square [image: image], which describes the variance for the entire analysis (Leech et al., 2014). The thresholds for the interpretation of [image: image] magnitude was as follows: 0.09, small; 0.25, moderate; and ≥0.25, large; while the strength of [image: image] was interpreted by the following thresholds: 0.06, small; 0.14, moderate; and ≥0.14, large (Cohen, 1988). Moreover, a variable would be regarded as meaningful contributor to the differentiation of two groups if its structure coefficients (SC) were higher than |0.30|. Validation of discriminant models was applied using the leave-one-out method of cross-validation, which takes subsets of data for training and testing, and is necessary for understanding the usefulness of discriminant functions when classifying new data. The analyses were performed using IBM SPSS software (Armonk, NY, United States: IBM Corp.), and the significance level was set at p < 0.05. Finally, Matlab® (MathWorks, Inc., Massachusetts, United States) dedicated routines were used to visualize the discriminant function plots using discriminant scores, which are illustrative of how drafted and undrafted players were separated by the obtained functions (Figure 1).


[image: image]

FIGURE 1. Distribution of discriminant scores across for point guards, shooting guards, power forwards and centers.




RESULTS

The means and standard deviations of combine measurements variables are presented in Table 2 along with the comparison results between drafted and undrafted players from five playing positions. It is shown that there were significant differences between drafted and undrafted players of all positions in all variables except hand length, hand width and bench press. Compared to undrafted players, the drafted from five positions were taller, had longer wingspan, had better performance in no step standing vertical jump test, no step vertical reach test and maximum vertical jump test, and ran faster in lane agility test and three-quarter court sprint test (p < 0.01, Cohen’s d = 0.26–0.74 and r = 0.15–0.39, small to moderate effect size).


TABLE 2. Descriptive statistics and comparisons of combine test measurements for drafted and undrafted players from five playing positions within 2000–2018 NBA combine draft.

[image: Table 2]More specifically, drafted point guard, shooting guard, small forward and power forward were revealed to be heavier than those who were not (p < 0.01, Cohen’s d for PG = 0.50 and r for SG, SF and PF = 0.16–0.19, small effect size). Meanwhile drafted PG, SG, PF and C demonstrated longer standing reaching (p < 0.01, Cohen’s d = 0.32–0.57, small effect size) and maximum jump reach (p < 0.01, Cohen’s d for PG and SG = 0.66–0.71 and r for PF C = 0.27–0.33, small to moderate effect size) than the latter. Finally, drafted PG (p < 0.05, Cohen’s d = 0.27, small effect size), SG (p < 0.01, r = 0.16, small effect size), SF (p < 0.05, r = 0.19, small effect size) and C (p < 0.05, Cohen’s d = 0.34, small effect size) were shown to have less body fat than the undrafted counterparts. Supplementary Figures 1, 2 demonstrated the evolution of all analyzed variables for drafted and undrafted players from five playing positions.

Table 3 presents the results of discriminant analysis details for drafted and undrafted players, considering the above statistically different variables within each corresponding playing positions. Wilks’ lambda (Λ) was shown to be statistically significant for the discriminant function of PG (p < 0.001, Λ = 0.81, [image: image] = 0.07 and [image: image] = 0.19, moderate effect size), SG (p < 0.001, λ = 0.87, [image: image] = 0.05 and [image: image] = 0.13, small to moderate effect size), PF (p < 0.001, λ = 0.83, [image: image] = 0.06 and [image: image] = 0.17, small to moderate effect size) and C (p < 0.001, λ = 0.81, [image: image] = 0.07 and [image: image] = 0.19, moderate effect size). While the discriminant function did not significantly differentiate the drafted and undrafted SF players (p = 0.398, λ = 0.94, [image: image] = 0.02 and [image: image] = 0.06).


TABLE 3. Discriminant analysis results and structure coefficients (SC) of combine test measurements for drafted and undrafted players from five playing positions.

[image: Table 3]The structure coefficients of height and wingspan (SC range: |0.38–0.74|) revealed that they were two common contributors to the discriminant functions of PG, SG, PF and C. Whereas on the other hand, each playing position was emphasized by corresponding position-based variables. The discriminant function for PG had the emphasis on standing reach, body fat%, no step vertical reach and maximum vertical jump (SC range: |0.30–0.55|). The function for SG was emphasized by: standing reach, body fat%, no step vertical reach (SC range: |0.44–0.68|). For PF, the analysis pointed: weight, standing reach, no step standing vertical jump, maximum vertical jump, lane agility and three-quarter court sprint (SC range: |0.33–0.44|). Lastly for C, the model enhanced: wingspan, standing reach, body fat%, no step standing vertical jump, maximum vertical jump and lane agility (SC range: |0.31–0.44|). The distribution of discriminant scores of the function for each playing position is shown in Figure 1. The mean scores of drafted and undrafted players for PG were: −0.40 ± 0.93 and 0.60 ± 1.09; for SG: −0.32 ± 0.92 and 0.47 ± 1.11; for PF: 0.55 ± 0.90 and −0.40 ± 1.08; and for C: 0.55 ± 1.04 and -0.50 ± 1.02. Finally, Supplementary Figure 3 was plotted, using meaningful contributors in each discriminant function to determine the normative profiles for drafted and undrafted players from five playing positions.



DISCUSSION

The aims of current study were to find differences in combine measurement tests between drafted and undrafted players within large cohort of player samples from NBA, and to describe different anthropometric and physical profiles of different playing positions. The main results demonstrated that drafted players generally outperformed undrafted players in height, wingspan, no step standing vertical jump test, no step vertical reach test, maximum vertical jump test, lane agility test and three-quarter court sprint test. Position-specific variables were further identified that discriminate drafted players from undrafted players. Evaluating players’ fitness is crucial for coaches and team managers so that they could be conscious of the fitness changes and limitations of different positions, optimizing correspondent training practices and player recruitment. To the best of our knowledge, this study is the first to analyze NBA draft combine test performance considering five different playing positions. As NBA represents the highest basketball competitive levels, the findings help to deepen our understanding of talent identification and important prerequisites for being able to play under such circumstance.

The anthropometric and physical characteristics of basketball players are important predictive factors of whether they will reach higher level of this sport as well as demonstrate decent match performance (Köklü et al., 2011; Teramoto et al., 2018). Consistent with previous studies focusing on body size profiles of other basketball leagues or playing levels (Drinkwater et al., 2008; Ferioli et al., 2018; Svilar et al., 2018), our findings reveal that height, weight, wingspan, low body fat are essential attribute prerequisites for being eligible to play in NBA among five playing positions. These fundamental variables allocate players to specific game positions, especially defining the distance between them and the basket (Sampaio et al., 2006). Indeed, taller and heavier players enjoy innate on-court performance advantage over shorter peers (Vaquera et al., 2015), and they are logically standing out from big range of recruiting population during annual draft. Meanwhile, all drafted players were shown to have less percentage of adipose tissue (dead mass) (Garcia-Gil et al., 2018). It means that they possess relatively more fat-free mass (muscle mass) that provide the locomotion and physical performance.

Moreover, partly corroborating the previous studies in that longer arms and upper limb strength were regarded as positive predictors of future on-court performance, especially in shooting and passing related movements (Garcia-Gil et al., 2018; Teramoto et al., 2018), our finding indicated that there was no obvious distinction between drafted and undrafted players in bench press performance. It could be assumed that players participating in the NBA draft have excellent upper limb strength, as well as similar hand characteristics, and hence these variables may not be helpful to determine their draft result.

Furthermore, exclusive of bench press, differences in other fitness tests between drafted and undrafted players of all playing positions have been found. The former jumped higher in vertical jump tests, and finished faster in agility and sprint tests than their counterparts. This indicates that leg power, agility and speed are also reckoned to be fundamental physical attributes qualifying players to enter the league. Playing basketball requires players to develop explosive strength, take-off power, speed and agility so as to make efficient movement during ball possession or out-ball possession (Erculj et al., 2010). Specifically, the execution of high-intensity activities in match such as sprints, jumps, changes of direction, dribbles, screens and hustles are all based on these motor abilities (Drinkwater et al., 2008). In turn, it is shown that the “athletic potential” demonstrated in fitness tests are correlated positively with various match performance indicators like playing time, steals, assists and rebounds (Hoffman et al., 1996; Fort-Vanmeerhaeghe et al., 2016) and distinguish more skilled players from the less skilled ones (Ziv and Lidor, 2009). Indeed, those who possess better-developed physical fitness characteristics that are associated with game-related statistics are favored in terms of further improving match performance in NBA.

Compared with previous study that investigated specific playing roles and athleticism of NBA players (Erčulj and Štrumbelj, 2015), the present study has a main strength of differentiating position-specific key indicators for the combine test result. Although available research has described anthropometric and physical profiles of male basketball players according to different positions (Ben Abdelkrim et al., 2010; Köklü et al., 2011; Ferioli et al., 2018; Svilar et al., 2018), we explored positional determinants leading to successful NBA draft result on the basis of large cohort of players. Results show that anthropometric characteristics (height, wingspan, standing reach, body fat) and leg power (no step vertical reach and maximum vertical jump) served as the key attributes for drafted PG and SG. It could be speculated that for NBA executives, what seems more important when drafting guards is whether these players could have an advantage while jump-shooting, contesting rebounds and blocking shot attempts when they possessed similar competence in quickness and agility (Salador, 2011; Pehar et al., 2017). Previous studies showed offensive and defensive rebounds and blocked shots were key performance indicators that are related to basketball match success (Gómez et al., 2008; Zhang et al., 2018; Dehesa et al., 2019). As it has been widely spreading in NBA where small lineups are competing in the pitch and perimeter players could create more open space and have chances to make three-point shots (Teramoto et al., 2018), guards are consequently required to undertake more defensive works such as contesting for rebounds, deflecting and blocking three-point shots (Man, 2017). Therefore, taller and heavier guards with longer arms and vertical jump height have substantial advantage in those circumstances (Dawes and Spiteri, 2016) and possibly are the drafting targets for teams’ decision-makers.

In contrast, regarding power forward and center, the results revealed that in addition to morphological features and leg power, lane agility and sprint test performance contributed to the differentiation of drafted and undrafted groups as well. It could be explained that first of all, forwards should be as quick and agile as guards because they both performed similar quantity of high activity actions (accelerations, decelerations, jumps and change of directions) during the match (Svilar et al., 2018). At the same time, although traditionally centers are characterized by minor movement frequency and intensity, playing positions have become blurred as multi-dimensional players have emerged during the last years (Man, 2017). Consequently, either forwards and centers are expected to be more versatile their skills, more flexible in playing position. In a word, according to the current development of basketball, they need to amplify their scoring zones from the paint area to three-point line (Zhang et al., 2017). The Wilks’ lambda of discriminant function for SF was not statistically significant, which might suggest that the predictor variables of combine fitness test could not effectively help separate drafted and undrafted players from this playing position.

Although the present study provides valuable information on the key fitness test parameters that contributed to the NBA draft, there are some limitations that need to be acknowledged. Firstly, players’ experience, injury records, match performance in previous leagues and their shooting test results during the daft were not included, which are important factors for decision-makers during player evaluation as well. It is also necessary to note that some players were originally categorized with two playing position, for example, “player X” was identified as SG and SF by official draft registration. But the current study only regarded the former as his playing position. Further, given that there are many oversea players that were successfully drafted without participating the combine test, caution should be taken when interpreting the generalizability of the current findings.



PRACTICAL APPLICATIONS

From the perspective of long-term player development, profiling the NBA draft combine test performance is useful for coaches of youth basketball players while they are transitioning to a more competitive level. Knowing the margins differentiating draft success and failure would help them set practical benchmarks as these players strive to have a professional career. Besides, team executives from lower playing levels are suggested to refine their talent identification based on key fitness determinants of playing positions highlighted in the current findings.

Furthermore, purposeful training programming should be designed for specific positions. Fitness coaches could develop training programs based on the weakness players demonstrated during the combine test, considering specific match-play of each position. Specifically, it is suggested that they focus more attention on the lower-limb strength training of guards via training exercises such as squat, dead lift, contrast strength training and plyometric. While for forwards and centers, exercises highlighting the quick changes of directions should be implemented. This can be integrated into on-court offensive and defensive tactical training, so that their dynamic three-point shooting efficacy and reaction to opponent’s movement would be improved.
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FIGURE 1 |
Evolution of NBA Draft Combine Test results for drafted and undrafted players from five playing positions, Part-1.

FIGURE 2 |
Evolution of NBA Draft Combine Test results for drafted and undrafted players from five playing positions, Part-2.

FIGURE 3 |
Normative profiles of key determinants of NBA Draft Combine Test drafted and undrafted players from five playing positions.


FOOTNOTES
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The characterization of the in-game actions with the strongest influence on victory in football might be useful for designing playing styles that enhance teams’ performance. The aim of this study was to analyze in-game match statistics on the top-3 and bottom-3 teams ranked in LaLiga. Accumulated offensive and defensive match statistics when playing at home and away were obtained from LaLiga for 8 consecutive seasons. Data extraction was performed by computerized video-analysis. The top-3 and bottom-3 teams were compared using independent t-test analysis and the magnitude of the difference was cataloged with effect sizes. Overall, the offensive variable with the greatest magnitude of difference in the top-3 vs. bottom-3 comparison was shooting accuracy (ES ± 90% confidence interval = 4.15 ± 0.52) followed by the number of offsides (2.25 ± 0.60) and corners (2.14 ± 0.61). However, when playing away, the offensive variable with the greatest magnitude of difference in the top-3 vs bottom-3 comparison was the number of shots (3.30 ± 0.44). The defensive variables that best differentiated top 3 - bottom 3 teams were the number of corners (2.16 ± 0.43) and shots conceded (2.04 ± 0.39). In conclusion, the match statistics that best discriminated successful from unsuccessful football teams were shooting accuracy while attacking and the number of shots conceded while defending.
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INTRODUCTION

In this highly technological world, video analysis systems applied to sports performance have become an indispensable tool for coaches and technical assistants to collect information about individual’s and team’s activities during training and competitions (Den Hollander et al., 2018). Specifically, video analysis in football has helped to investigate several aspects of football performance such as technical, tactical, and physiological factors during competition (Sarmento et al., 2014). The speed and accuracy of current computerized video analysis has made possible to scrutinize the in-game actions of elite football teams in real time. Furthermore, the data obtained with this tool has improved the planning and structuring of match and the training programes of high performance teams (Sarmento et al., 2018a). Furthermore, video analysis also constitutes an essential tool for research in team sports and several studies have been published in recent years to aid in understanding football performance, allowing an enhanced application of science to modern football (Lepschy et al., 2018; Sarmento et al., 2018c).

From a simplistic perspective, football performance is an easy concept because victory in this sport is merely based on the comparison of the number of goals scored by each of the two opposing teams at the end of the game. However, a solid body of research has been carried out to determine what aspects of football match-play increase the likelihood of scoring more goals, while avoiding rivals scoring. In order to solve this question, investigations on football performance analysis have compared all types of match statistics between successful and unsuccessful football teams (Oberstone, 2009; Rampinini et al., 2009; Castellano et al., 2012; Liu et al., 2015; Casal et al., 2019). Although extrinsic factors, such as home advantage (Seçkin and Pollard, 2010; Almeida et al., 2014), have been associated with football performance, comparative (Rampinini et al., 2009; Lago-Peñas et al., 2010), and predictive analysis of the statistics during play (Lago-Peñas et al., 2016) have reflected that several in-game actions are the strongest contributors to overall football success.

In a recent review by Lepschy et al. (2018), shooting accuracy was identified as the in-game action that best explained football performance, followed by other offensive variables such as the number of shots on goal, the percentage of ball possession and the rate of passing accuracy. During an elite football match, the success of an offensive sequence is higher when it starts with a counterattack/fast attack in comparison with a positional attack (Sarmento et al., 2018c). In addition, the number of passes performed in an offensive sequence decreases the probability of its success (Sarmento et al., 2018c) coinciding with the low contribution of the number of passes to the points obtained at the end of the season (Souza et al., 2019). A high proportion of the studies included in the review by Lepschy et al. (2018) did not consider the match location although this variable might greatly influence the players’ technical actions that lead to victory (Liu et al., 2015). Furthermore, in a critical review by Mackenzie and Cushion (2013), these authors have suggested that the analysis of in-game actions to predict football performance should be contextualized by match location and thus, a clear identification of the in-game actions that might increase the likelihood of victory is necessary when playing at home vs when playing away.

As might be expected, previous investigations have found a clear discrepancy between successful and unsuccessful football teams in highly competitive championships around the world (Rampinini et al., 2009; Lago-Peñas et al., 2011; Liu et al., 2016a). However, these studies have analyzed in-game football actions obtained in only one season, while the year-to-year variability due to players’ injuries or an outstanding player, and the game style imposed by the teams’ coaches might have affected the outcomes of these analyses (Kattuman et al., 2019). In addition, the comparison made in these investigations rarely assesses the importance of each match statistic for overall football performance. The aim of this investigation was to perform a comprehensive comparative analysis of successful and unsuccessful football teams in the Spanish professional football championship (LaLiga) by including accumulated match statistics obtained during 8 competitive seasons. This analysis has considered match location, offensive and defensive event variables and contains a magnitude analysis to improve the work of football coaches and performance analysts.



MATERIALS AND METHODS

The current investigation represents a descriptive, comparative analysis of the end of season accumulated match statistics of professional football teams competing in LaLiga (20 teams per season). This research was inspired by a previous investigation carried out by Liu et al. (2016a) using match statistics from LaLiga 2012-2013 but the power of the analysis has been increased with the inclusion of 8 consecutive seasons (from 2010-2011 to 2017-2018). Data were obtained from LaLiga, which owns a software for video match analysis (Mediacoach®) based on the OPTA® (Spain) track analysis tool. During the matches, every in-game action is categorized by a mix software tool that included an automatized categorization of some actions by a computerized system (e.g., passes) and categorization by a trained analyst who uses a rigid set of definitions (e.g., yellow and red cards; Liu et al., 2013). The reliability of this current tracking system was tested with an intra-class correlation coefficient that ranges from 0.88 to 1.00 (Liu et al., 2013). To comply with LaLiga ethical guidelines, the information included in this investigation does not allow the recognition of football players’ identities. LaLiga authorized the use of these data for the purpose of this investigation and the experimental protocols were approved by the University Institutional Review Board.

Although 20 professional teams compete in LaLiga every season, we have selected the top 3 and bottom 3 ranked teams at the end of each season in order to perform a comparative analysis of successful and unsuccessful teams. Thus, this study contains information about 24 successful football teams (the top 3 ranked teams for the seasons: 2010-2011, 2011-2012, 2012-2013, 2013-2014, 2014-2015, 2015-2016, 2016-2017 and 2017-2018) and 24 unsuccessful football teams (the bottom 3 ranked teams for the seasons: 2010-2011, 2011-2012, 2012-2013, 2013-2014, 2014-2015, 2015-2016, 2016-2017 and 2017-2018). The match statistics included in this study were based on previous studies with similar aims (Oberstone, 2009; Rampinini et al., 2009; Lago-Peñas et al., 2010; Liu et al., 2015) and they were categorized as offensive and defensive variables to improve the applicability of these results to professional football. A more detailed definition of the match statistics included in this investigation has been published elsewhere (Souza et al., 2019) while the operational definitions for each variable were as follow:

Shot: an attempt to score a goal; shooting accuracy: number of goals divided by the number of shots; pass: an attempt to exchange the ball between two players of the team; passing accuracy: number of successful passes divided by the total number of passes; cross: an action made by a player with the objective of introducing the ball within the opposition team; penalty kick: a single shot on the goal while it is defended only by the opposing team’s goalkeeper; turnover: a loss of ball possession as the result of an imprecision; foul received: an infringement committed by the opposing the team and sanctioned by the referee; corner: an action when the ball crosses the end line of opponent’s side and the last person in contact with the ball was an opponent; free kick goal: a goal scored for the attacking team as the result of a direct or indirect free kick; offside: an infringement committed by the attacking team as a result of a player being offside.

Shot conceded: an attempt to score a goal made by the opposing team; effectiveness against conceded shooting: number of goals received divided by the number of shots conceded; foul committed: an infringement committed by the defending team and sanctioned by the referee; penalty kick conceded: a single shot on the goal while it is defended only by the defending team’s goalkeeper; corner against; an action ball crosses the end line of defending team’s side and the last person in contact with the ball was an opponent; yellow card: a sanction by the referee to one of the players of the defending team; red card: a sanction by the referee to one of the players of the defending team that ends in player expulsion; free kick goals received: a goal received as the result of a direct or indirect free kick; recovery: an action where the team obtains or regains the ball possession due to a defensive action.

To complete the information of this analysis, the end of season accumulated statistics were obtained and subsequently divided into matches played at home and away to allow a sub-analysis for match location.


Statistical Analysis

The data were electronically extracted from the Mediacoach reports and entered into a database designed for the purposes of this research. The data were extracted by one author (RLDC) using a spreadsheet (Excel 2016, Microsoft Office, WA, United States) and then they were checked for accuracy by another author (DBS). Then, data on the top 3 and bottom 3 football teams in each season were clustered and mean and standard deviation (SD) were obtained. The comparison between the top 3 and bottom 3 teams was performed with independent Student’s t-test and the differences were considered as statistically relevant at P < 0.05. To complete the null-hypothesis statistical approach, the effect size (ES) was also calculated in all pairwise comparisons to assess the magnitude of the differences between the top 3 and bottom 3 ranked teams. Specifically, the ES ± 90% confidence intervals (CI) were calculated on log transformed data to reduce bias due to non-uniformity of error. A qualitative descriptor was included to represent the likelihood of differences among teams (< 1% no chances of change; 1 to 5%, very unlikely; 5 to 25%, unlikely; 25 to 75%, possible; 75 to 95%, likely; 95 to 99%, very likely; >99%, most likely). ES were interpreted according to the following ranges:<0.2, trivial; 0.2–0.6, small; 0.6–1.2, moderate; 1.2–2.0, large; 2.0–4.0, very large; and >4.0, extremely large (Hopkins et al., 2009). This same analysis was performed for the overall accumulated statistics and for the games played at home and away.



RESULTS

Figure 1 and Table 1 contain data on the compariso’n between top 3 and bottom 3 teams for the offensive in-game actions. In all offensive actions, a statistically significant between-group difference was identified at the level of P < 0.01. However, the ES have been included to improve the categorization of the magnitude of the successful vs. unsuccessful teams’ differences: overall, shooting accuracy was the offensive variable with the highest effect size for the top 3 - bottom 3 comparison (Figure 1) while the importance of shooting accuracy to differentiate top 3 vs. bottom 3 teams was maintained when playing at home and when playing away (Table 1). When attacking, the number of offsides and corners, passing accuracy, and the total number of passes presented large effect sizes for the top 3- bottom 3 comparison, with a most-likely difference among teams (Figure 1). At home, shooting accuracy, the number of offsides, passing accuracy and the number of corners also presented large effect sizes for the top 3 - bottom 3 comparison, while the number of free kick goals and the number of crosses were the variables with the lowest effect sizes. When playing away, the total number of shots was the variable with the greatest effect size, followed by shooting accuracy and the number of passes and passing accuracy (Table 1).


[image: image]

FIGURE 1. Standardized effect size in offensive variables for the comparison between the top 3 – bottom 3 teams in LaLiga from 2010 to 2018. ∗possible; ∗∗likely; ****most likely.



TABLE 1. Attacking variables for the top 3 and bottom 3 teams ranked in LaLiga from 2010 to 2018.

[image: Table 1]Figure 2 and Table 2 depict data on the comparison of the top 3 vs. bottom 3 teams for all defensive game actions. Again, all defensive match statistics presented between-group differences at the level of P < 0.01. However, the match statistics with the highest effect size for the comparison of successful and unsuccessful teams were the number of corners, the number of shots conceded and the effectiveness against shooting conceded (Figure 2). On the contrary, the number of red cards, and the distribution of in-game/free kick goals received were the variables with the lowest effect sizes for the comparison between top 3 vs. bottom 3 teams. At home, the number of shots conceded was the variable with the greatest effect size (Table 2). When playing away, the number of corners conceded was the variable with the highest effect size (Table 2). Other variables such as recoveries, yellow cards and fouls committed also presented large and most-likely differences between successful and unsuccessful teams (Figure 2) and the effect sizes of these variables slightly changed for the comparisons made at home and away.


[image: image]

FIGURE 2. Standardized effect size in defensive variables for the comparison between the top 3 – bottom 3 teams in LaLiga from 2010 to 2018. ∗possible; ∗∗∗very likely; ****most likely.



TABLE 2. Defensive variables for the top 3 and bottom 3 teams ranked in LaLiga from 2010 to 2018.
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DISCUSSION

The aim of this investigation was to perform a comparative analysis of successful and unsuccessful football teams in the LaLiga championship. Although the comparison of successful/winning vs. unsuccessful/losing football teams has been previously explored (Lago, 2009; Lago-Peñas et al., 2010; Liu et al., 2016a), the current analysis is innovative because it includes accumulated match statistics obtained during 8 competitive seasons, which constitutes the longest analysis on this topic. In addition, the comparison between successful and unsuccessful teams has taken into account match location and used two different statistical approaches to categorize the contribution of each in-game action to overall football performance. The main outcomes of this investigation reflect that the in-game actions that differentiate the top 3 and bottom 3 football teams in LaLiga were very similar when playing at home and away (Tables 1, 2) which reflects that success in football might be driven by a similar game-play style despite match location. Offensively, the match statistic with the greatest difference, in terms of effect size, between the top 3 and bottom 3 football teams was shooting accuracy. Defensively, the greatest difference between best vs worse teams was the number of corners received. Taken together, these outcomes indicate that modern football has evolved from “long-ball” to more direct playing styles where long passing frequency might not be better for scoring (Hughes and Franks, 2005). All this information might be useful to define success in elite Spanish football and help coaches and football analysts to understand the strategy followed by top-ranked teams that compete in one of the most important football championships (Vales-Vázquez et al., 2017).

In a study of 380 matches in LaLiga –season 2008-2009–, it was found that top-ranked teams scored more goals, shot more frequently, particularly on goal, and needed less opportunities than worse-ranked teams (Lago-Ballesteros and Lago-Peñas, 2010). In addition, in a study with 3,040 matches in LaLiga, shooting accuracy was the variable that explained more variance in the end-season points earned during the championship (Souza et al., 2019). The current analysis coincides in part with these investigations because the variable showing the greatest difference between the top 3 and bottom 3 football teams was shooting accuracy (Figure 1). Interestingly, a similar finding has been obtained in the Bundesliga (Broich et al., 2014), the Superleague in China (Mao et al., 2016), and when analyzing the final rounds of the European Champions League (Szwarc, 2007), and the 2010 World Cup (Delgado-Bordonau et al., 2013). Although the results of this investigation cannot be generalized to all football situations and competitions, the clear importance of shooting accuracy might impact tactical-strategic aspects of elite teams’ training.

Shooting accuracy was followed by the number of offsides and corners which, despite not being direct shooting actions, are reflective of a game style focused on direct play to score. As found by others (Lago-Peñas, Lago-Ballesteros, Dellal, et al; Lago-Peñas, Lago-Ballesteros, and Rey), one of the characteristics of successful teams is that they create more attack opportunities especially in the field area close to the opponents’ goal. Although the current investigation constitutes an analysis of 8 complete seasons to produce a study with a high statistical power, it is worth mentioning that the season-to-season analysis reflects that the match statistics with the greatest difference between the top 3 and bottom 3 football teams were fairly maintained during the whole period analyzed. Other match statistics such as passes and passing accuracy also presented high effect sizes for the top 3 - bottom 3 comparison while other offensive factors such as free kick goals and crosses were even higher in the bottom 3 teams. Although the significance of these data is debatable, in the opinion of the authors of this investigation, passing should be to gain offensive zones and with the clear intention of attacking, and providing opportunities for scoring. Recent studies have also found that successful teams use ball possession to attack while unsuccessful teams tend to use possession to avoid losing the ball (Casal et al., 2019).

One of the most novel findings of this investigation is that the offensive match statistics that best differentiate the top 3 and bottom 3 football teams were very similar when the teams played at home and away (Table 1). Nevertheless, subtle nuances are found; overall, shooting accuracy was key to success and this criterion was maintained when playing at home but the number of shots was even more important when playing away. In addition, the magnitudes of the effect sizes for the top 3 – bottom 3 comparison in all shooting and passing variables were higher at home than away, which suggests that the difference between successful and unsuccessful teams in offensive variables might increase with match location (Lago and Martín, 2007). Although match location, quality of opposition, and match status should be useful to adapt game tactics (Liu et al., 2016b), the current data on successful teams in LaLiga suggest that the main objective of offensive strategy –obtaining clear situations for shooting- should be maintained when playing at home and away.

Although less attention has been paid to defensive variables (Mackenzie and Cushion, 2013), the current analysis indicates that successful and unsuccessful team are also very different in terms of defense match statistics (Figure 2). Overall, the number of corners received was the variable with the highest effect size in the top 3 – bottom 3 comparison, even above the number of shots conceded. Although this might be a particularity of this analysis, the high rate of corners conceded is a common finding in worse-ranked teams (Castellano et al., 2012). Broadly, only 2% of the corners end in goal but the influence of a goal obtained from a corner might determine victory in < 75% of the games (Casal et al., 2015). Effectiveness against rivals’ shooting also presented a large between-group difference but in this case, this match statistics was better in unsuccessful teams both at home and away. This means that the defensive efficacy of worse-ranked teams is not inferior to top-ranked teams but the former offer more opportunities for attack to the opposing team (Delgado-Bordonau et al., 2013; Evangelos et al., 2013).

Despite the high statistical power obtained by the accumulated match statistics of 8 football seasons, the current research does have some limitations. Previous investigations have identified that the quality of the opposing team, players’ physical conditioning and several contextual variables are strongly related to a team’s success in football (Taylor et al., 2008; Lago, 2009; Liu et al., 2016a; Sarmento et al., 2018b). Although the current analysis does not include these variables, it is likely that their influence on the outcomes of the analysis are minimal due to the use of eight complete seasons of a professional league, that includes the same number of matches and the same rivals for all the teams under investigation. A second limitation is that the pitch area where the in-game action occurred was not recorded for this investigation and further research should be done to relate the outcomes of this study with pitch zones (Lepschy et al., 2018; Sarmento et al., 2018a). Despite these limitations, the findings of this analysis might contribute to understanding success in football.

This investigation has been carried out with the intention of identifying key game indicators that differentiate successful and unsuccessful teams to determine a more effective model of play. In summary, the study of the top 3 and bottom 3 ranked teams in LaLiga for 8 seasons might be indicative of a sport where shooting accuracy prevails over other offensive statistics. While all the attacking game actions investigated here were statistically higher in the top 3 teams vs bottom 3 teams, those performed close to the penalty area presented higher effect sizes (see Figure 1). Regarding defensive game actions, the number of corners and the number of shots conceded were the variables with the highest differences in terms of size between successful and unsuccessful teams. While a greater efficacy against rival’s shooting was present in worse-ranked teams, it is probably due to the higher number of shots received. In this sense, it is probably necessary that less successful teams enhance game tactics or change their playing style to avoid/reduce rival’s shooting during the match. Finally, the identification of the game statistics related to success was stable when comparing matches played at home and away, suggesting that a similar game style should be maintained despite match location in order to maximize football performance.

To improve football performance of elite teams, several practical applications can be gathered from the data obtained in this investigation. Specifically, the use of training routines that improve shooting accuracy might be essential to increase the efficacy of offensive sequences. The use of fast attacking routines (with and without opponents) with the main objective of shooting on goal with a low number of passes might be recommended to improve offensive behaviors of the team. The use of exercises that improve tactics during corners (when attacking and defending) might be also critical for football performance as this game action is a clear indicator that differentiated successful and unsuccessful teams in LaLiga. Finally, tailoring training exercises to improve the recovery of the ball before the rival team reaches offensive positions might be also beneficial to avoid the number of shots conceded while defending.
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Performance in basketball has been widely studied with regard to the results of the game using competition statistics. Few studies have analyzed the play process from a dynamic viewpoint regarding tactical actions and styles of play. The general objective of this research was to analyze the development in the styles of play of the teams participating in the Spanish Copa del Rey by studying the development of ball possessions (from start to finish) and the styles of play (attack and defense phases). The specific aim was to identify the relations between how possessions end and the style of play, as well as the relation between the duration of possession and the action of shooting and efficacy of the possession. All the matches corresponding to the Spanish Copa del Rey in basketball in the seasons 2015/2016, 2016/2017, and 2017/2018 were analyzed, comprising a total of 3,865 possessions. To this end, two groups of variables were characterized, which made it possible to define play, the development of possession (start and finish), and the style of play (attack and defense phase). An exploratory and descriptive analysis of the situational variables, development of possession, and style of play was carried out to characterize the competition. The Chi-squared test and Cramer’s V coefficient were used to estimate the association among the categorical variables, interpreting the association among the categories using contingency tables. The results show a greater number of attacks in the final stages of the matches, with short possessions that end in baskets or rebounds, and positional attacks and individual half-court defenses predominating. There were more shots in positional attacks and more fouls in transitions. It also was apparent that the competition is developing from 1 year to another. The Spanish Copa del Rey competition changes from season to season, revealing slight modifications in the teams’ styles of play, although there is stability in the fundamental play parameters, like the predominance of man-to-man defense, the duration of the attacks, and the use of screens. The style of play conditions the finalization of the possession.

Keywords: observational analysis, ball possession, style of play, game development, evaluation


INTRODUCTION

The study of performance indicators is one of the emerging lines of research in the sports sciences, the purpose of which is to evaluate individual, group, or team performance (Hughes and Bartlett, 2002). The results of these investigations have great practical utility, as they help coaches to identify the key aspects of good or bad performance (Hodges and Franks, 2008). In order to obtain this information, coaches and researchers use video feedback and information technologies, in which observational methodology is fundamental (Liebermann and Franks, 2008).

Different tools have been used to obtain scientific evidence that makes it possible to analyze team performance in basketball. Video analysis/motion analysis is one of the most commonly used tools to evaluate team performance during a competition (Hughes and Bartlett, 2002). Video analysis permits the creation of notational recordings to objectively quantify performance indicators, in a valid and reliable manner (Nevill et al., 2008). It is also necessary for researchers to carry out the correct procedures for validating the collected data (O’Donoghue, 2014).

Research that analyzes performance indicators in basketball using observational methodology can be classified into those that analyze the product or final result of the game (static analysis) and those that analyze the play process or what occurs during the game (dynamic analysis) (Ibáñez et al., 2003; Fernandez et al., 2009), and some studies have implemented both approaches (Camerino et al., 2012). According to this, Gréhaigne and Godbout (2013) indicate that in literature reviews there are two strategies for measuring performance indicators. On the one hand, there are studies that analyze performance indicators from a static approach, concentrating on a determined moment, and on the others are the studies that use a dynamic approach, in which they analyze the development of play, bearing in mind how the play actions occur. Basketball is a complex, dynamic, and non-linear type sport. Thus, studies on the modeling of the game should record complex properties of the game under static (result description, quantify), dynamic (time, criticality), and self-organized (non-linearity, process description) complexity perspectives (Sampaio et al., 2013). In addition, basketball is considered as a stochastic process, were the internal logic of the game is defined according to game probabilities (Martínez-Santos et al., 2017).

The research that analyzes the product of the game is the static approach, and the results of the matches were studied. The data obtained tend to be of a quantitative type (game statistics), although sometimes qualitative and ordinal data are used. In this line of research, the studies focus on the analysis of the fundamental technical actions of basketball like shooting (Erčulj and Štrumbelj, 2015; Ibáñez et al., 2015) or the variables related with success in matches (Fierro, 2002; Ibáñez et al., 2008a,b; García et al., 2014), according to the specific playing position (Gómez et al., 2007), the number of players used in each team (Pojskić et al., 2009), or the type of competition (García et al., 2013).

The research that analyzes the process (dynamic approach) studies what happens during the development of the game. For that, the data can be obtained in real time or recorded. The type of data obtained is usually qualitative. The results of this line of research complement the limitations of static modeling, showing what occurs during play. Research on the process of play is directed at detecting individual, group, and team performance indicators. Studies on the play process for identifying individual performance indicators focus above all on the most relevant actions for the final results, the shots (Ibáñez et al., 2008a, 2009b; Martínez-Santos et al., 2017). Other studies aim at analyzing group tactical actions like inside play (Courel-Ibáñez et al., 2016) or on-ball screens (Gómez et al., 2015; Serna et al., 2017). Studies have also been performed using dynamic modeling that analyzes the actions of the whole team in the attack (Gómez et al., 2013) or defense (Gómez et al., 2010) phases.

Analyzing the competition using performance indicators, although useful and necessary, is not sufficient to explain all that happens (García-Rubio et al., 2015). This approach simplifies reality, omitting the context in which the actions occur without defining the behaviors or structures of the teams. In basketball, the team’s performance depends on the actions taken during the competition. For example, it has been shown that attacking from exterior and interior zones in the NBA increases the duration and effectiveness of the attacks (Courel-Ibáñez et al., 2016). Tactical actions have also been studied like screens (Lamas et al., 2015; Vaquera et al., 2016), attack (Škegro et al., 2011), or defense systems (Gómez et al., 2006), providing useful information for coaches and players.

It is not possible to generalize the results of investigations of performance indicators to the whole population practicing a sport, as the samples from which the data are collected come from competitions at a specific level of performance, with specific competitive formats and different sexes and age groups. To be able to compare the research results, it is necessary to study the different competitions as the players do not behave equally in all types of competitions (Ibáñez et al., 2009a). These results would have a dual purpose; on the one hand they could serve to provide a better general understanding of the corresponding sport, and on the other, they would increase knowledge of the specific sport in the studied context.

As well as carrying out comparative studies bearing in mind different situational variables, like the age and sex of the participants, their competitive level, and the competition type or format, it is also necessary to perform longitudinal studies to see the evolution of the game (Drust, 2010), to be able in this way to identify the stable performance indicators that make it possible to define a sport, and the changing ones that evolve along with the modification of the rules and the trends of the game. Basketball is constantly evolving (Ibáñez et al., 2018), something which is shown externally in the evolution of the performance indicators. Rule changes seek to increase the intensity of the competition, thus achieving more attractive and rapid play. Formal changes in the competition imply functional changes in play. The players have to assimilate these changes by adapting to the new rules, and to the new forms and functions that arise in the game. This implies changes in the players, both at a physical (Cormery et al., 2008) as well as technical (Pluta et al., 2014) and tactical levels (Štrumbelj et al., 2013). Some studies aim to identify the differences in the performance indicators between men and women (Sampaio et al., 2004), the evolution of the differences according to the players’ levels (García et al., 2010) or over several years in the same competition (Ibáñez et al., 2008a,b; Gómez et al., 2017). The majority of these studies have a quantitative and static approach, with the performance indicators or game statistics as the information source. Information is needed on the tactical behavior of the players and teams, that is, on the context of play and the interactions among the players (Courel-Ibáñez et al., 2016).

Play analysis requires the creation of different notation systems that make it possible for the coaches and researchers to record play actions (Hughes and Franks, 2004a). Research analyzing play in a dynamic manner needs specific variables to be determined to record the process of what went on in the match. Hughes and Franks (2004b) propose some generic variables that should be recorded in a basketball game, like a schematic representation of the basketball court, team, player, action, and time. Specifically, in basketball, for the analysis of the result of individual play, there are studies that propose the use of qualitative variables for studying shots like body gestures (technical action); defensive pressure; division of the court into microzones; the value of the shot; the player’s role, efficacy, previous action, period, quarter, etc. (Ibáñez et al., 2009a). For the study of group tactical actions, the researchers include other qualitative variables like offensive efficacy, division of the court into microzones, points scored, duration of possession, number of passes, location of pass, etc. (Courel-Ibáñez et al., 2016). To study team play, Gómez et al. (2013) propose the inclusion of variables like the number of passes used by each team during their ball possession, the number of players involved in ball possession, the defensive systems used by the defending team, the duration of the possession, and the use of screens. In all cases, the researchers must go through a process of design and validation of the system of categories (Ortega-Toro et al. (2019)), as well as evaluating the reliability of the observers when applying the designed instruments (Ibáñez et al., 2019). The diffusion of systematic observation systems makes it possible to understand a set of guidelines and procedures to carry out the observation and record the events. Moreover, other researchers can use the same observational instrument to confirm the validity of the data or obtain new evidence (More and Franks, 2004).

To the best of our knowledge, no studies have been found that show the evolution in team play in a dynamic fashion in a knockout competition. Thus, the general objective of the present study was to analyze the evolution in the way the teams participating in the Spanish Copa del Rey competition play, using a study of ball possession, analyzing the development of the possession (start and finish) and the style of play (attack and defense phases). The Spanish Copa del Rey is played as a knockout competition among the eight best-classified teams in the first stage of the regular ACB league (Spanish first division). The evolution in play was studied using an analysis of the last three editions. The characterization of the evolution of the game is complemented with two specific objectives: (1) to identify the relations between how possession ends and the style of play and (2) to analyze the relation between the duration of possession and the shooting action and efficacy of the possession.



METHOD


Research Design

An empirical investigation was performed using descriptive observational analysis (Ato et al., 2013), with an arbitrary observation code, in the habitual natural environment, in which the phenomenon was produced and in which the researcher did not intervene in what was being observed (Montero and León, 2007). In addition, due to the nature of the data, the research used a mixed methods approach (Anguera et al., 2014, 2017). Mixed methods is a new and emerging research approach in social sciences that combines statistical trends and stories to study human and social problems. Mixed methods used a combination of quantitative and qualitative data integrated in a research structure. Observational and descriptive methodologies have to converge in mixed methods (Anguera and Hernández-Mendo, 2014), not a mere juxtaposition of different data.



Participants

The population selected for the sample for this study was the matches that were played as part of a knockout tournament for the Spanish Basketball Copa del Rey. This competition is played annually and is by single elimination, with the participation of the eight best clubs in the Spanish ACB League, the top official competition (Appendix 1). The sample of the study was composed of the 21 matches played during the last three seasons (seven matches per season). This research studied the way the teams played during the attack phase using an analysis of ball possession. For this study, ball possession was defined as the length of time that a team has the ball from when it gains control of it until it loses control of it, whether because of a violation, the loss of the ball or a shot at basket.

The total number of units for statistical analysis collected during these matches was 3,865 cases, corresponding to each possession of the teams participating in the competition (2016: n = 1,296; 2017: n = 1,297; 2018: n = 1,272). Table 1 shows the distribution of the possessions per quarter and period of the match.



TABLE 1. Distribution of possessions per quarter and period.
[image: Table1]



Variables

Three situational variables were selected as categories of observation (independent variables) in this study. These categories of observation defined how the possession of the ball was during the Spanish Copa del Rey. These categories of observation were the period (first, second, and overtimes); the quarter (first, second, third, fourth, and overtimes); and efficacy. Efficacy was understood to mean the number of points that the teams scored per ball possession. The value could vary between 0 and 4 points per possession.

To analyze the differences in the way of playing during the three seasons, two groups of criteria (dependent variables) were defined: development of possession and style of play.

In the development of the possession, the start was defined using three criteria: origin of the possession, role of the player who began the attack, and starting microzone. Furthermore, the end of the ball possession was defined with four new criteria: action that defined the end of the possession, shooting action, role of the player who ended the possession, and finishing microzone (Table 2).



TABLE 2. Criteria (dependent variables) that define the development of possession.
[image: Table2]

The style of play was identified using a criterion that defines the type of defense that the opposing team presented, and five criteria to define the style of play in the attacking phase: number of passes made, use of screens, number of participating players, type of attack, and duration of the possession (Table 3).



TABLE 3. Criteria (dependent variables) that define the style of play.
[image: Table3]

The qualitative variables of the study were defined using a categorical nucleus and its opening range or plasticity (Anguera and Hernández-Mendo, 2013, 2015).



Procedure

The research was structured in several phases: (1) selection and design of the variables, (2) recording of the matches, (3) training of the coder, and (4) coding of the sample. In the first phase, the possession coding system was designed using a record sheet according to the criteria and categories (Tables 2, 3) designed “expo facto.” A group of expert coaches and graduates of Sports Sciences determined the selection of the variables. The previous studies by Ibáñez et al. (2001a,b,c) and Gómez et al. (2009) were taken into account to create the system of categories. In the second phase, the matches were downloaded from www.allsport-tv.com. Matches were watched with a video player, and coders were allowed to stop the game every time they need.

The coder was trained during the third phase, following the three stages proposed by Muñoz et al. (2018): the theoretical training stage, the practical training stage, and the supervised practice stage. Once the theoretical-practical training had finished, the actual training stage with the calculation of reliability and intra-observer concordance using Cohen’s Kappa for the qualitative variables and the Interclass Correlation Coefficient for the quantitative variables (O’Donoghue, 2013) were carried out.

To calculate reliability, two quarters, equivalent to 77 cases, were coded again at random. This number of cases is within the minimal range of 50 and 300 events (ball possessions) established for the calculation of reliability (González-Díaz and Iglesias-García, 2015). The time that elapsed between the first and the second viewing was 1 week. Intra-observer concordance in all the qualitative variables was almost perfect (Table 4; Landis and Koch, 1977). Similarly, the results showed high-level agreement among the quantitative variables (Table 5; Vincent and Weir, 2018). As the intra-coder concordance was optimal, all the matches were coded using the record sheet created ex professo and the collected data were then analyzed.



TABLE 4. Intra-observer concordance for qualitative variables.
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TABLE 5. Intra-observer concordance for quantitative variables.
[image: Table5]

In the fourth stage, the sample matches were analyzed. All the competition matches were analyzed by an observer using systematic observation.



Statistical Analysis

Firstly, a descriptive analysis was made of all the qualitative (n and %) and quantitative ([image: image]variables of the study. Chi-squared (χ2) and Cramer’s V (Vc) were used to test the causal hypotheses, which make it possible to estimate the association among the categorical variables (Newell et al., 2014). These tests are appropriate because, for each level of the sample, it takes into account the differences between the recorded and the observed frequency. The data come from a multinomial variable (three championships of the Spanish Copa del Rey). The Chi-squared test is used for multinomial comparisons, using as a null hypothesis that all championship data have the same multinomial distribution. The interpretation of the degree of association among the variables was performed using adjusted standardized residuals (ASR) (>|1.96|) from the contingency tables (Field, 2013). The degree of association among the variables was estimated following Crewson’s proposal (2006), establishing four ranges of association: small (values < 0.100), low (values between 0.100 and 0.299), moderate (values between 0.300 and 0.499), and high (values > 0.500).

In this investigation, very low values were found in several categorical variables, so it was necessary to perform Fisher’s exact test using the Monte Carlo method to obtain exact results when the data did not comply with the underlying suppositions necessary to obtain reliable results with the use of the typical asymptotic method (Field, 2013).

K means clustering was used to specifically classify the quantitative variables of the study (number of passes, number of participating players, and duration of possessions) to be able to better identify the differences among the seasons. Thanks to this method, natural groups are identified within a large set of data that would not otherwise be evident (Sampaio et al., 2018). Before establishing the final groups in the manuscript, it was tested with different combinations of groups of the three variables. Finally, we decided, in our opinion of experts and different results, the final groups. Four groups were established to categorize the number of passes: group 1: low passing (zero and one pass, rebound and basket, rebound and long pass, rebound and counterattack, steal and attack, etc.); group 2: adequate passing (two, three, and four passes); group 3: moderate passing (five and six passes); and group 4: high passing (>seven passes). Three groups were defined for the number of participating players variable, with the result of the cluster as follows: group 1: low number of players (one or two players); group 2: moderate number of players (three or four players); group 3: teams (five players). Four groups were determined for the duration of possession: group 1 had a duration of 1–5 s (corresponding to the counterattacks or rapid attacks); group 2 included possessions of 6–11 s (attacks in transition); group 3 included possessions of between 12 and 17 s (organized positional attacks); and finally group 4 included possessions of between 18 and 24 s (very long attacks).

The cluster analysis allowed classifying all cases in these variables (seconds used in possession, players involved, and passes committed) into groups of similar characteristics instead of performing an analysis with all the possibilities. This decision was made because, from a practical point of view, as coaches we prefer to know the type of game according to the duration instead of the exact seconds. We classify plays in counterattacks, transition plays, position plays, and long plays, which are easier for coaches or conditioning coaches to understand. Other authors have grouped these variables in previous studies. Gómez et al. (2013) did this without clustering data.

Finally, a one-way ANOVA was performed to identify the differences among the quantitative variable (continuous) points scored over the three seasons. The software used was SPSS.24 (Armonk, NY: IBM Corp.).




RESULTS

The results of the one-way ANOVA in the variable points scored show the non-existence of differences in points per ball possession during the three seasons (F = 0.566, p = 0.568). The winning of points per ball possession did not vary in the three seasons analyzed. The mean number of points per ball possession during the 2015/2016 season was 0.86 ± 1.135, during the 2016/2017 season it was 0.88 ± 1.149, and during the 2017/2018 season 0.91 ± 1.140. The percentage of effective possessions is low, as in 59.8% of the possessions recorded no points were scored. The most common effective result was to score 2 points per possession (Table 6).



TABLE 6. Efficacy of possessions per season.
[image: Table6]


Evolution of the Competition

Table 7 presents the differences found in the three seasons of the Spanish Copa del Rey analyzed in the different groups of variables.



TABLE 7. Results of the differences in the way of playing in the three seasons in the categorical variables.
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To interpret the differences in the evolution of the game over the three seasons in the categorical variables, it is necessary to consult the contingency tables.

The results show a low relation between the period of the game and the quarter during the three seasons caused by the existence of possessions during the 2016/2017 season in an overtime with 44 ball possessions (ASR = 9.4).



Development of Possession

The results of the variables that define the start of possession will be presented first. Table 8 shows the results of the distribution of possessions according to what originated it and the role of the player who began it. As can be seen, two variables stand out as the origin of a new possession. Obviously, they are baskets received or a defensive rebound. There are few significant differences among the seasons, as only in the 2016/2017 season were there more possessions than would be expected which began with a sideline throw-in from the front court, while during the 2016/2017 season there were less possessions starting with a sideline throw-in from the back court, and during the 2017/2018 season less possessions that started with a side line throw-in from the front court.



TABLE 8. Distribution of possessions according to the origin of the possession and player’s role.
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Differences have been found in the role of the players that start the possession and start the attacks. While in the 2015/2016 season there was a higher probability that the centers started the possession, in the 2016/2017 season it was the forwards, and in the 2017/2018 season it was the guards.

Figure 1 shows the results of the start of the possession in the microzones of the court. The zones nearest to the defensive basket, zones 17 and 21, were the ones where possession mostly started, as it was where they received baseline throw-ins and got more defensive rebounds.

[image: Figure 1]

FIGURE 1. Microzones where attacks begin. Upper panel, 2015/2016 season; middle panel, 2016/2017 season; lower panel, 2017/2018 season.


Differences were evident in the microzones where possessions began among the three seasons. During the 2015/2016 season, the zones where there was a greater incidence of possessions starting than would be expected were the zones near the free throw line, on the right, zones 18 (ASR = 3.1), 19 (ASR = 2.4), 20 (ASR = 4.5), and 23 (ASR = 2.4), as well as the right side of the offensive field, near the line in the center of the court, zone 14 (ASR = 2.2). The difference with regard to the 2016/2017 season is that competition possessions began differently in zones 15 (ASR = 4.5) the right side of the offensive field, and 25 (ASR = 3.0) the zone on the left near the free throw line in the defensive field. Finally, the differences with regard to the zones used for the beginning of the possession during the 2017/2018 season were zones 5 (ASR = 2.6), the zone near the opposing basket, 21 (ASR = 2.2) and 26 (ASR = 3.6), the left zone near the defensive baseline and 28 (ASR = 2.1), the side zone in the defensive field near the center court line.

The descriptive results of the end of possession are presented below. Table 9 shows the results of the distribution of possessions according to how they finished, the existence of shots and their efficacy, as well as the role of the player who ended the possession. It can be seen that in the three seasons analyzed, a shot at basket was the most common way for the possession to end, followed at quite a distance by personal fouls received and losses of the ball. It can also be seen that there is a higher percentage of two-point shots scored than three-point shots scored. Forwards are the ones who most tend to finish the possession and guards are those least likely to finish it, which may be due to the fact that there is only one guard per team on the field, in contrast to the forwards, where there are two.



TABLE 9. Distribution of possessions according to finish, shots, and role of the player who ends them.
[image: Table9]

Small differences can be identified in the distribution of the cases in these three variables. End of possession during the 2015/2016 season recorded a greater proportion of cases which ended with traveling (ASR = 3.6), with less possessions ending in a shot (ASR = −2.2). In contrast, during the 2017/2018 season, there were fewer violations for traveling (ASR = −3.8). These results coincide with those recorded in the variable type of shot, as during the 2015/2016 season there were more possessions ending without a shot (ASR = 2.3). Finally, the forwards increased their participation in finishing possessions during the 2017/2018 season with regard to other seasons (ASR = 2.4), with a lower participation in the previous season (ASR = −2.2). In contrast, the guards recorded less participation (ASR = −2.9).

Figure 2 shows the results of the distribution of possessions according to the microzone where they ended. It can be observed that the microzones where possessions ended in the three editions of the competition analyzed were 1 and 5, perhaps motivated by their position nearest the basket. It is easy to see the intentionality of the end of the possessions, commonly with a shot at basket. Firstly, the teams want to end the possession near the basket, to get greater efficacy. Secondly, the team opts to end the possession in zones which are far from the basket, outside the three-point line, as if they have to risk a basket shot, the score will be higher (3 points). Finally, in third place can be seen the tendency to use the intermediate zones to end possession.

[image: Figure 2]

FIGURE 2. Microzones for ending possessions. Upper panel, 2015/2016 season; middle panel, 2016/2017 season; lower panel, 2017/2018 season.


There was a slight evolution in the microzones where possessions ended among the three seasons. During the 2015/2016 season, zones nearer the basket were used, zones 2 (ASR = 2.0), 4 (ASR = 3.4), and 10 (ASR = 2.0), while in the 2016/2017 season a far-off zone in front of the basket was used, zone 14 (ASR = 2.4), and in the 2017/2018 season a zone far from the basket but on the side was used, zone 11 (ASR = 2.1). These data show a tendency to use zones further from the basket to end possessions.



Style of Play

Table 10 shows the results of the distribution of possessions according to the use of screens, the type of attack performed, and the type of defense that was encountered. It can be seen that in the majority of possessions there were no screens (62.3%), with the on-ball screen being the most commonly used (26.5%). With regard to the type of attack, in the three seasons the positional attack is clearly dominant (70.2%), followed by the transition (24.9%). To conclude, the most common type of defense used was by far the half court man-to-man defense (90.6%).



TABLE 10. Distribution of possessions according to the type of attack, use of screens, and type of defense.
[image: Table10]

An evolution can be observed in the style of play. The type of attack used by the teams evolved over the three seasons. While in the first season analyzed, 2015/2016, there was a greater proportion of transition attacks (ASR = 6.4), in the last season 2017/2018, the positional attack was predominant (ASR = 3.5). Specifically, in the attack phase, with regard to the use of screens there was also an evolution, as during the 2016/2017 season more on-ball screens were used (ASR = 2.9), but in the following season the off-ball screen was used more than expected (ASR = 2.7). Finally, the type of defense used also evolved slightly. In the 2015/2016 season defense was more aggressive, using a greater proportion of full court man-to-man defenses (ASR = 4.4), while the next season was more conservative, with the use of half court defenses (ASR = 2.5) changing to half court man-to-man defense during the 2017/2018 season (ASR = 3.5).

Figure 3 shows the results of the distribution of possessions according to their duration. The mean duration of the possessions was 11.94 ± 6.24 s during the 2015/2016 season, 12.01 ± 5.89 s in the 2016/2017 season, and 11.98 ± 5.88 s in the 2017/2018 season. The predominance of the intermediate duration of possessions can be clearly seen, that is with attacks in cluster 3 with possessions of between 12 and 17 s (organized positional attacks).

[image: Figure 3]

FIGURE 3. Duration of possessions.


No differences were identified in the number of players intervening in play over the three seasons. The most common styles of play in this type of competition are possessions in which the five players in the team intervene (62.4%), attacks with a lot of participation from the players, followed by possessions with a low participation of players (33.1%). Few possessions were recorded in which three or four players participated (4.6%).

In this type of competition, the number of passes per possession fluctuates between extremes. On the one hand, the most common possessions are those that involve few passes (59.1%) followed by those in which many players participate (26.8%). Either the play is rapid or involves very organized attacks (Table 11). There were significant differences in the evolution of the teams’ behaviors during this competition. In the 2015/2016 season, there were more possessions than expected in which a moderate number of players participated (ASR = 2.8), playing with a greater control of possession, while in the 2016/2017 season there was a higher percentage than expected of possessions with very few passes (ASR = 3.2), and play was quicker.



TABLE 11. Distribution of the number of passes.
[image: Table11]



End of Possession

To complete our understanding of the style of play, a relation was identified between the variable role of the player who ended the possession and how the possession ended (f = 49.775; p < 0.000) with a small association (Vc = 0.081; p < 0.000). The forwards were the players who most intervened in the ending of possession (n = 1,695: 43.9%), followed by the centers (n = 1,276; 33%) and the guards (n = 894; 23.1%). There were differences among the three roles in the end of possession, as there was a higher number than expected of possessions where the guards lost the ball (ASR = 3.2), while the forwards violated the kicking rule (ASR = 2.7), and the centers were the ones that committed more attacking fouls (ASR = 3.7) and traveling violations (ASR = 2.1).

Table 12 shows the relations between how the possession ended and the style of play used during the Spanish Copa del Rey. The ending of possession is related to all the variables that define the style of play except the type of defense.



TABLE 12. Relations between the end of possession and the style of play.
[image: Table12]

The type of attack most commonly used in the Spanish Copa del Rey was the positional attack (70.2%) followed by the transition attack (24.9%). There was a higher number than expected of shots during the positional attacks (ASR = 6.9) and a lower number during transition attacks (ASR = −8.2). The opposite was true of the number of personal fouls received, which was lower than would be expected for positional attacks (ASR = −7.2), while in transition attacks there were more than expected (8.2). Lastly, there were more results than expected in which the possession ended with a violation of the traveling rule during the first wave counterattacks (ASR = 2.4). In summary, there were more shots in positional attacks, more fouls in transition, and more rule violations in first wave counterattacks.

Specifically, analyzing the use of screens during the attack phase and its relation to the end of possession, a small association has been found (f = 81.262, p < 0.000; Vc = 0.082; p < 0.000). The probability that the possession finalized with a shot was greater if on-ball screens were used (ASR = 6.1) than if there were no screens (ASR = −6.8). Similarly, the use of on-ball screens increased the possibility of ending the possession with a traveling violation (ASR = −2.3). On the contrary, when playing without screens, the possibility increased of ending the possession with a personal foul (ASR = 5.6) or loss of ball (ASR = 2.3). The use of screens during the attack phase favored ending with shots at basket, losing fewer balls.

The type of attack most commonly used in the Spanish Copa del Rey as a function of the duration of possession was the positional attack (33.4%), of between 12 and 17 s, and the long attack (18.7%), of between 18 and 24 s. The quick attacks (17.5%), of between 1 and 5 s, and the transition attack (20.4%), of between 6 and 11 s, were less commonly used in play. When the teams attacked quickly, they received more personal fouls (ASR = 6.2), but they lost more balls (ASR = 2.1) and did not finish with a shot (ASR = −7.1). The possibility of ending with a shot increased with transition attacks (ASR = 8.1) with fewer personal fouls (ASR = −8.2) and loss of balls (ASR = −2.4). Finally, long attacks did not guarantee a shot (ASR = −2.9), although they did guarantee a personal foul (ASR = 2.9).

A relation has been found between the number of players participating in the possession and the ending of the possession with a low association. The probabilities of shooting increased when there was a moderate number of players (three or four) (ASR = 4.7) or the whole team, five players (ASR = 6.5), and decreased when there was a low number of participating players (ASR = −8.7). In contrast, the number of personal fouls increased when the number of participating players was low, one or two players (ASR = 6.5), and was lower with a moderate number of players (ASR = −2.8) or the whole team (ASR = −5.1). The same was true of loss of balls, as they increased with the participation of a low number of players (ASR = 4.6), decreasing with the participation of a moderate number of players (ASR = −2.8) or the whole team (ASR = −3.2). The increase in players may cause the possession to end with a violation of the rules, like traveling (ASR = −2.2). Thus, during the Spanish Copa del Rey when playing as a team, there was a greater possibility of shooting at basket, although some rule violation may be committed, while quick play provoked personal fouls or loss of balls.

The style of play of the teams during the Spanish Copa del Rey as a function of the number of passes is associated with the way the possession ended. When the team used a high degree of passing (>seven), the probability of shooting decreased (ASR = −9.1), while if they used a low degree of passing (zero or one pass) (ASR = 3.2), an adequate degree of passing (two to four passes) or a moderate degree of passing (five or six passes) (ASR = 6.0), it increased. This association was inverted when the possession ended through a personal foul, increasing when there was a high passing rate (ASR = 6.9), with the probability decreasing in attacks carried out with fewer passes, low passing (ASR = −2.5), adequate passing (ASR = −2.4), or moderate passing (ASR = −4.6). Team play in which the whole team participated also increased the possibility of losing the ball (ASR = 4.2). The end of ball possessions was associated with individual play with an adequate number of players (two to four) (ASR = 4.5). The participation of a lower number of players facilitated shots at basket, while team play guaranteed the receiving of fouls.



Duration of Possession

Table 13 shows the existence of relations between the cluster of duration of possession with the action of shooting and efficacy of possession.



TABLE 13. Relations between the possession duration cluster and shooting and efficacy.
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When the teams played with quick attacks, of little duration, in 44.1% of the occasions there was no shot (ASR = 8.2) and 25.5% of the baskets scored were of two points (ASR = 2.4). When the length of possession increased, with transition attacks, there were more shots and only 19.7% of actions ended without a shot (ASR = −7.7). Similarly, an increase was evident in failed shots, as 24.9% of three-point shots (ASR = 5.4) and 21.8% of two-point shots (ASR = 2.7) were missed. When the teams played with organized positional attacks 28% of the actions ended without a shot (ASR = −2.8). Moreover, the proportion of possessions in which two-point shots were missed was greater than expected (ASR = 2.9). In the very long attacks, again there was a greater proportion than expected of no shots, that is 34.2% (ASR = 2.8). Very long attacks also produced a smaller proportion of cases of missed three-point shots (ASR = −2.1).

A relationship has also been identified between the duration of possession and its efficacy. Quick attacks involved a greater proportion of possessions which ended by scoring two-point shots (ASR = 3.8), and a smaller one than expected of those ending without scoring (ASR = −2.2) or by achieving three points (ASR = −2.8). When the teams used transition attacks, the proportion of possessions that ended in scoring three points increased (ASR = 2.0), decreasing the possibility of scoring one point (ASR = −2.3) or two points (ASR = −2.2). An increase in the duration of possession during organized positional attacks or long attacks did not imply a modification in the distribution of efficacy.




DISCUSSION

The general objective of this study was to analyze the evolution of the style of play in a knockout tournament, the Spanish Copa del Rey, by investigating ball possessions, comparing the development of possession and style of play. The characterization of the attacks in this competition makes it possible to identify relative stability in the style of play, indicating small differences in the development of possession and the style of play over the three seasons analyzed. Similarly, the relations identified between the ending of possession and the style of play suggest that when the teams play with positional attacks, they increase the possibility of making more shots, while when they play more quickly, in transition or first wave counterattack, they receive more fouls and commit more rule violations. The style of play is conditioned by the predominant defense, the half court man-to-man defense, provoking positional and transition attacks, using on-ball screens in 25% of possessions, with the participation of the five players in the team using many passes in the positional attacks or few in the transitions.

Many studies have analyzed sports competition as it relates to basketball over the years, but from a quantitative viewpoint (Ibáñez et al., 2008a,b; Puente et al., 2015), making it necessary to look for information on the play process. Studies like the present one contribute precise information for coaches and researchers on the play process in a dynamic manner. Previously, evolution in basketball was shown with studies of performance indicators and how they changed over time (Ibáñez et al., 2018), of the physical evolution of the players (Cormery et al., 2008; Štrumbelj et al., 2013) or their technical evolution (Mavridis et al., 2003). The studies that have analyzed longer time periods have shown greater differences and more stable tendencies than the present study. Coaches, players, and teams adapt their behavior according to the game context (Travassos et al., 2013). Thus, teams will modify their performance from 1 year’s competition to the next according to the performance of all the teams in the previous edition. As this study has shown, basketball evolves slowly, year after year, until it shows different styles of play which represent different eras.

It has been shown that teams are more effective when they do not use passes or when more than four players intervene at the end of matches (Gómez et al., 2013). When no pass is used, a study of play suggests a ball recovery action and rapid advantageous finish, whether with an offensive rebound or midcourt steal. The participation of four or more players in a possession indicates group play to create a space in the time needed to score (Mavridis et al., 2003; Gómez et al., 2013), where an effort by all the team is needed to generate this space in the most effective zone in this and other studies, the restricted zone/3 s, (Gómez et al., 2013). In the study of the Spanish Copa del Rey, it has emerged that the teams seek efficacy using two play strategies, scoring a basket quickly or looking for quick attacks that guarantee a shot.

The results show that quick attacks cause an increase in the proportion of cases in which two points are scored. An increase in the duration of possession does not imply an increase in the number of points that can be scored. In this study, the mean duration of the attacks was around 12 s in the three seasons. This length of time is very similar to that found in the competitions in the regular league, like the professional Spanish basketball leagues, ACB (12.47 s) and LF (11.82 s) (Romarís et al., 2016). In winning teams, an increase in the rhythm of play translates into a higher number of balls recovered and two-point shots scored. While in losing teams, an increase in the rhythm of play leads to an increase in fouls committed (Sampaio et al., 2010). Shorter attacks, in this study, increased the number of two-point shots scored. This is why teams seek to increase the number of attacks in the form of counterattacks and transition attacks.

The present study presents a percentage of transition attacks/counterattacks of about 25%, while in previous competitions the percentages were lower, both in national team competitions (13%) (Škegro et al., 2011), European club competitions (15.05%), and the NBA (20.2%) (Selmanović et al., 2015). Transition/counterattacking play is the one that generates more efficacy (Tsamourtzis et al., 2005; Gómez et al., 2009). Transitions are more unpredictable than organized attacks due to their spontaneity. To prepare them, a defense must be focused on what generates losses or defensive rebounds (Selmanović et al., 2015), as these are the actions that lead to this type of situation. In fact, in the present study the transition attacks ended in a foul, while the positional attacks ended in shots. Teams recognize the efficacy of this type of attack, avoiding the success of the more dangerous players with personal fouls which stop play (Gómez et al., 2016b), allowing the defenses to reorganize in order to be more effective. Thus, players can be disqualified for committing their fifth personal foul. This is a critical moment in the match which usually occurs at the end (Gómez et al., 2016a), when the players are more vulnerable to psychological performance issues due to the pressure of time. Furthermore, players and coaches have to bear in mind the number of fouls that each player on the field can commit when stopping counterattacks with fouls, and the possibility or not of free throws for the opposing team, or the match time remaining, bearing in mind that if a fifth personal foul is committed by a player, this will have negative effects for his or her team and positive effects for the opposing team (Gómez et al., 2016a,b).

Positional attacks, on the other hand, represent the majority of attacks, showing they are of great importance for team preparation (Milanović et al., 2014). Basketball teams have to be prepared to deploy many alternatives in static play, all types of play without screens and with direct or indirect screens. The duration of the attacks in the seasons was around 12 s, with an average of three players and two passes in relation to previous studies (Fernandes and Tavares, 2002; Gómez et al., 2010). Duration of possession and the increase in the number of passes is reflected in a higher number of assists and shots from near the basket (Gómez et al., 2006). One of the characteristics of winning teams is that they are able to adapt the duration, increasing the number of passes and decreasing the number of bounces depending on the different defensive systems proposed by the rival teams (Stavropoulos and Foundalis, 2005).

In elite European basketball competitions, the use of on-ball screens has become one of the main movements in current basketball (Marmarinos et al., 2016) and is used about 35% of the time in the Olympic Games (Lamas et al., 2011) or 41% of the time in the EuroLeague (Marmarinos et al., 2016), representing one of the most important actions for ending during attack systems (Vaquera et al., 2016). In this study, the presence of the on-ball screen in 26.5% of the cases in the three seasons was a lower value than that found in previous studies. In fact, the best teams should prepare different options for attack and defense to obtain success (Trninić et al., 2002). The on-ball screen is used to obtain an advantage through a mismatch, both because of the speed of the guards to dribble to a larger and heavier defender, or by the screener continuing toward the basket and, even, continuing with an opening for a long throw (Mattheos et al., 2010). To play effectively, it is necessary to study the players’ behaviors in these situations, especially when they are able to generate advantages for the defenders. When they can understand this part of play, coaches will be able to design better and more effective training situations for improved preparation (Gómez et al., 2015).

The majority of defenses used in the seasons analyzed were man-to-man defenses (Mexas et al., 2005; Gómez et al., 2010). This defensive system is based on maintaining the ball far from the basket, with the individual responsibility of each defender with his or her counterpart and group responsibility for the counterparts of the teammates. This defensive system, among other advantages, makes it possible to decrease the opponent’s opportunities for counterattacking (Gómez et al., 2010), as the defenders do not go directly to their zones of responsibility for zone defense. Furthermore, zone defenses permit more time for carrying out a throw from far away (Serna and Muñoz, 2015), as the defenders do not have an assigned attacker, just a zone. At this level of performance, as shown by our results, zone defenses are used only marginally, to change the rhythm of play of the attackers and generate surprise and uncertainty (Gómez et al., 2010; Ortega et al., 2010).



CONCLUSIONS

The Spanish Copa del Rey competition changes from season to season, showing small modifications in the teams’ styles of play, although a certain stability has been identified in the fundamental play parameters, like the predominance of man-to-man defense, the duration of attacks, or the use of screens. The style of play conditions the ending of possessions. The relationship between the duration of the possessions and their efficacy shows that the teams must change rapidly from a defensive to an offensive role to seek to end the possessions quickly, as an increase in possession duration does not necessarily imply increasing the number of points scored. When the teams cannot end their attacks quickly, coaches should design positional attacks in which the greatest number of team players participate, using screens which facilitate shots at basket.

The analysis of play action from a qualitative point of view is useful both for coaches and players. To thoroughly understand a competition of this type will permit coaches to better prepare their players and teams. In this competition, the attacks are short, with very direct systems where two or three players touch the ball. Defense coaches should plan their defenses according to the type of attack. The players, for example, should be more intense in the first half of the possessions, making it difficult for the attackers to pass to the key player in each system (an average of three passes per possession), forcing them to take the ball to another zone of the court, modifying the options for attack and delaying the finish. Another option for modifying the attackers’ rhythm of play, and knowing that about half the time the center starts the possession, is for the center’s defender to make it difficult to receive the ball after the start of the possession.
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In the last decades, observational methodology has been widely used in scientific research in sport, namely in the study of team games like handball, due to its characteristics. Handball, in addition to being a collective, complex, dynamic, and interactive sport, has its own characteristics and demands a performance analysis that takes into account the context and interaction between different factors and variables. The present study analyzes how the different numerical relations in an attack can change the center back’s patterns of tactical behavior. Observational methodology and a mixed ad hoc instrument combining field format and category systems appropriately validated by experts were used. Data were taken from 20 matches involving teams classified in the first four places in the 2017 Men’s World Championship. These were recorded from TV broadcasts, and the total number of offensive sequences carried out in an organized attack game method (n = 990) was analyzed. In each of the sequences carried out in an organized attack, the numerical relation in attack or defense was observed and recorded. In addition to this, it was verified whether the attacking team maintained or replaced the goalkeeper by a field player in the attack. Both sequential analysis techniques with lags, prospective, and retrospective, as well as polar coordinate analysis, were used. Results have shown that there are different behavioral patterns of the center back in the three different situations of numerical relation. Another element that stood out was that in numerical equality with the defense and no goalkeeper at the goal, the center back opted for greater security and less risk of loss of the ball.

Keywords: handball, observational methodology, center back, attack, patterns of play


INTRODUCTION

Team sports entail complexity, opposition, and cooperation. They also involve continuous interaction of the players’ behaviors among themselves and with the context, be it in the place of the game, the zone of the field where the actions take place, the elapsed playing time, the partial score, or the numerical relation (Garganta, 1997; Tavares, 1999; Ribeiro and Silva, 2002; Prudente, 2006, unpublished; Garganta, 2009; Schrapf et al., 2017). In these sports, behaviors are usually emergent and can derive from the individual characteristics, the possibilities that the context offers, and the characteristics of the tasks performed by the players (Travassos et al., 2010, 2013; Rodriguez and Anguera, 2014).

Handball, which is a collective sport, is defined by Balagué et al. (2013) as a dynamic and interactive as well as a complex system.

In this sport, the strategic tactical behavior is crucial (Prudente, 2006, unpublished; Sequeira, 2012; Leite and Barreira, 2014; Sousa et al., 2015; Lozano et al., 2016; Prudente et al., 2017), and the performance is the result of the interaction between different factors and variables. These are interesting aspects to research further to understand how they interact with each other. As referred by Garganta (2009), in team sports, a fundamental aspect is to understand the tactical performance of the players in order to improve their performance and effectiveness. A study that identifies the constraints that influence tactical performance and allows a deeper knowledge about the complexity of the game and its interactions is justifiable.

Handball games with different numerical relations are frequent and have increased in the last competitions (Pueo and Espina-Agullo, 2017). These game situations lead to the creation of different configurations and consequently the adaptation of behaviors of the players and teams (Prudente, 2006, unpublished). Studies about the game in different numerical relationships, or in which this variable was analyzed, have been made by different researchers (Anti, 1999; Moreira and Tavares, 2004; Prudente et al., 2004; Debanne, 2005; Prudente, 2006, unpublished; Silva, 2008, unpublished; Espina-Agullo et al., 2012; Sierra-Guzmán et al., 2015; Lozano et al., 2016; Beiztegui-Casado et al., 2017; Pueo and Espina-Agullo, 2017; Ferrari et al., 2018). Nonetheless, this is a subject that deserves a new approach.

In the last decade, handball and its specific playing positions have evolved and changed to the extent that it has become a different game in what concerns rules and speed, thus making players have a different approach to the game.

Since 2016, games and rules have been changed by the International Handball Federation (IHF). Since the new Rule 4:1 paragraph 3 and the Rules 4:4-5-6-7, players have been in an adaptation process that has led to the evolution and transformation of the various specific playing positions, including the center back.

According to Moreira and Tavares (2004) and Ohnjec et al. (2013), the main game method of attack is the organized attack. However, with the aforementioned rules and the changes they brought, we cannot help but to question how these influence this sport. We aim to verify how the behavior of the center back changes with the different numerical relations now that the new goalkeeper rule has been enforced by the IHF.

Though the center back player is still acknowledged as the playmaker, this seems to be somehow changing, hence our interest in conducting a more thorough study in this area.



MATERIALS AND METHODS


Sample

The World Championships are crucial moments to gauge the play levels and the evolution trends. This high-level competition enables a privileged moment for the study of the players’ and teams’ behaviors, allowing innovations and applications at the tactical-technical and strategic levels to be observed, more precisely the adaptation to the new rule of the goalkeeper/field player, this way giving teams new possibilities to explore.

The sample used was the total number of offensive sequences (n = 990) carried out in an organized attack game method in 20 matches involving the teams classified in the first four places in the 2017 Men’s World Championship.

There were 102 attacks in numerical superiority with a goalkeeper and 19 attacks in numerical superiority without a goalkeeper (empty goal), 24 attacks in numerical inferiority with a goalkeeper and 25 attacks without a goalkeeper (empty goal), and 714 in numerical equality with a goalkeeper and 106 attacks without a goalkeeper (empty goal).



Procedures

Observational methodology and a mixed ad hoc instrument consisting of a field format with category systems duly validated by seven experts (all of which are coaches and have first league experience as well as 15 years’ experience as coaches; four of them were national team coaches). The unique characteristics of observational methodology have made it the preferred method of scientific research in sport and team games, namely in handball, which have been using it over the last decades (Anguera and Hernandez-Mendo, 2014).

In each game, all the offensive sequences carried out in an organized attack were observed.

The offensive sequence is defined as from the moment the team regains possession of the ball until the moment the ball is lost. The end of this unit of observation can be caused by finalization, a committed foul, the loss of the ball due to a technical fault, or the ball leaves the field game by intervention of the opponent. The moment a sideline or corner launch is made, it is considered a new sequence.

The games were observed from recordings obtained from TV broadcasts and directly recorded on a MacBook Air 11″ computer, 2012.

In each of the sequences carried out in an organized attack, the numerical relation in the attack/defense was observed and registered. In addition to this, whether the attacking team maintained a goalkeeper (goalkeeper attack) or the goalkeeper was replaced by a field player in the attack (attack without goalkeeper – Empty Goal) was taken into account.

Exclusion criteria were established. All periods that were more than 10% unobservable (Anguera, 1990) were eliminated. All sequences where another play method other than the organized attack was used were eliminated. The play method of an organized attack is an offensive system with the participation of all attacking players in the presence of an opposition organized in a defensive system (Anti et al., 2006).



Instrument

The following variables were studied: (1) the organization of the attack: whether it was organized or unorganized, and in the case of an organized attack whether it was done through verbal, non-verbal, or both verbal and non-verbal communication; (2) the numerical relation attack defense taking into account the equality, the superiority and the inferiority with or without the goalkeeper; (3) the tactical means used in the pre-finalization, whether it was coordinated or carried out by the center back: the position changes, the curtain, the second pivot entrance, the cross and block with or without the ball, or the absence of tactical means; (4) the finalization zone of the offensive sequence – a field map was designed with 12 zones: 11 zones on the offensive side (left/right wing, left/central/right zones from 6 to 9 m; left/central/right zones from 9 to 15 m; left/central/right zones from 15 to 20 m) and 1 zone on the defensive side; (5) the mode of finalization due to the participation of the center back in the offensive sequence taking into account the assistance, shots, shots after feint, dribble and break passes, ball losses, and no relevant action—this means that the center back is playing without influencing the offensive sequence, which is considered after the center back has passed the ball but in the next fourth pass no finalization of the sequence occurred; (6) the result of the finalization is no shots, goals, no goals, 7 m penalty with goals, or no goals; and (7) the partial score can be based on a draw, a balanced victory, an unbalanced victory (by 4 or more goals), a balanced defeat, and an unbalanced defeat (by 4 or more goals).



Quality of Data

Data were observed and recorded using Lince 1.2.1 software analyzed with GSEQ 5.23, HOSAN 1.6.3.3.5, and SAGT 1.0 software.

Observational methodology entails collection of quality data for research. To guarantee reliable results, data were collected using the Cohen’s κ and the G tests. While in the former, intra- and inter-observer were used; in the latter, the C/O and O/C models were applied.

Observer reliability was tested after the training period (between 0.83 and 0.96 for the intra-observer and 0.79 and 0.93 for the inter-observer) and prior to the observation sessions. During the process of observation, the collection of data was checked for reliability after every four sessions and in the last session of observation.

After data collection using the Lince software, it was exported to GSEQ to be explored with simple statistics and Cohen’s κ test using GSEQ functions “Compute Simple Statistics” and “Compute Kappa.” The results obtained in the Cohen’s κ test were between 0.81 and 0.97, both in the intra- or inter-observers.

Next, SAGT software was used to make the generalizability test, which excludes the sources of the error variations caused by different observers, the observation instrument, and the categories used (Blanco et al., 2014). The results obtained in the G test were 0.990 for the C/O model and 0.001 for the O/C model.



Statistics

Finally, the data were transferred to HOISAN to be analyzed by polar coordinate analysis. This analytical technique enables the reduction of the amount of information and helps build a vector map that combines the prospective and retrospective perspectives. It aids in the perception of the interrelations between the variables of the observation instrument, and it is being used much more in studies in handball and other team sports (Silva, 2008, unpublished; Rodriguez and Anguera, 2014; Sousa et al., 2015).

HOISAN applies sequential analysis techniques with lags, simultaneously prospective and retrospective (Hernandez-Mendo, 1999). Using the “Dibujar vectores,” a vector map with different conducts was made. This assisted in the analysis of not only the type of relationship between the different variables considered (regarding the position of the vectors in the quadrants related to these variables) but also the intensity of this relationship (regarding the vector length).




RESULTS

In this analysis, focal conduct was used when analyzing the Numerical Relation (equality, superiority, and numerical inferiority, with goalkeeper and with empty goal) and how it conditioned the different categories: the Tactical Means Pre-Finalization (change positions, curtain, second pivot entrance, cross, block with ball and block without a ball, without tactical means used); the Mode of Finalization of the center back participation in the offensive sequence (assist, shot, shot after feint, shot after dribble, break pass, ball loss, and no relevant action); the Result of Finalization (no shot, goal, no goal, 7 m goal, and 7 m no goal); and the Partial Score (draw, balanced victory, unbalanced victory, balanced defeat, and unbalanced defeat).

If the focal conduct is the “numerical equality with a goalkeeper” and the conditioned conducts the tactical means of pre-finalization, the mode and the result of the finalization, and the partial score, the following results were obtained as shown in Figure 1.

[image: Figure 1]

FIGURE 1. Polar coordinates map: focal conduct “equality with goalkeeper.” Conditioned conducts: 7MG, goal by 7 m; DD, unbalanced defeat; DE, balanced defeat; E, draw; G, goal; VD, unbalanced victory; VE, balanced victory; PR, break pass.


Results show that the mutual activation relation of the given conduct and “goal” (3.0), “balanced defeat” (4.4), and the “break pass” (3.24) is significant, as can be seen in Figure 1. Mutual inhibitory relationships were also detected with the “balanced victory” (3.2) and a probability of inhibiting the occurrence of “7 meters with a goal” (2.97).

Our study also took into account the relation of numerical equality but with empty goal, as can be seen in Figure 2. In this case, the team plays without the goalkeeper, replacing him by a field player to have equality in the attack and play 6 × 6.

[image: Figure 2]

FIGURE 2. Polar coordinates map: focal conduct “equality without goalkeeper (empty goal)”. Conditioned conducts: Assist, assist; Crz, cross; DE, balanced defeat; E, draw; Ent2, second pivot entrance; NR, no shot; Per, change; PB, ball loss.


Significant findings were obtained from this relation regarding the mode and result of finalization, as well as pre-finalization and partial score. In this case, a significant probability of the given conduct to activate the occurrence of the “ball loss” (2.6) and the “no shot” (2.56) was verified.

Furthermore, it was also established that by relating the same conduct with the tactical means of Pre-Finalization, the probabilities of inhibition of the “second pivot entrance” (2.12), “cross” (2.03), and the “change positions occurrence” (2.08) were significant. In addition, a significant probability of a mutual inhibition with the “assist” (2.2) as well as the “balanced defeat” (3.23) and “draw situation” (2.21) was also detected.

Significant relationships were found (Figure 3) when conducting the polar coordinate analysis based on the focal and conditioned conducts. The former refers to the “numerical superiority with goalkeeper” and the latter to the Pre-Finalization, the Finalization Mode and Result, and the Partial Score.

[image: Figure 3]

FIGURE 3. Polar coordinates map: focal conduct “superiority with goalkeeper”. Conditioned conducts: 7MG, Goal by 7 m; Assist, assist; DE, balanced defeat; E, draw; NR, no shot; PB, ball loss; PR, break pass; SR, no relevant action; VE, balanced victory.


Another significant verification made had to do with the probability of the focal conduct being mutually excitatory with the conducts “7 meters goal” (4.97), “draw” (3.15), and “balanced victory” (5.2). In addition to this, this focal conduct is also positively associated with “assist” (1.97) and “ball loss” (3.28).

It is important to know that there is a significant probability that the focal conduct activates the occurrence of the “no shot” (2.36), “break pass” (2.93), and the “no relevant action” (2.36). Equally significant is the probability of non-association with “balanced defeat” (6.56).

When the focal conduct corresponds to the “numerical superiority without goalkeeper” and the conditioned conducts refer to the tactical means of Pre-Finalization, the Mode and the Result of the Finalization, and the Partial Score, the results obtained are those shown in Figure 4.

[image: Figure 4]

FIGURE 4. Polar coordinates map: focal conduct “Superiority without goalkeeper.” Conditioned conducts: E, draw; Ent2, second pivot entrance; G, goal; NG, no goal; PB, ball loss; SR, no relevant action; VE, balanced victory.


From the results obtained, the mutual activation relation between the focal conduct and the conditioned conducts “second pivot entrance” (2.99) and “balanced victory” (5.22) is significant. They also show that this conduct is positively associated with “goal” (2.05), but there is a mutual inhibition with the “ball loss” (2.07) and “draw” (2.54). This conduct is also related to a significant probability of the inhibition of the conducts “no goal” (3.73) and “no relevant actions” (1.99).



DISCUSSION

The aim of this study is to analyze the behavior of the center back in the organized attack and in the different numerical relationships in which his team chooses to play with or without a goalkeeper, which is called empty goal and entails replacing him with a field player as permitted by the current rules.

Given the characteristics of the rules of the game – with their progressive penalties, and the possibility of players being punished with 2-minute exclusions, with disqualification due to accumulation of exclusions and with direct disqualification – sports confrontation in different numerical relationships is clearly a characteristic of the current handball game (Prudente, 2006, unpublished). With the current configuration of the rules, the game takes place with variations in the numerical relation between the two teams, not only in the attack but also in the defense. The most common relationships are still 6 × 6, 6 × 5, 5 × 6, and 5 × 5 with goalkeepers, but since the change of the goalkeeper rule, the 7 × 6 and 6 × 6 game situations with empty goal are becoming more common.

Significant values of activation or inhibition relationships were detected between the variables of the observation system used, namely with the Mode of the Finalization, but only when there were situations of numerical equality, i.e., with goalkeeper and with empty goal, and in numerical superiority with and without a goalkeeper. This finalization was considered only when made by the center back or by another player until four passes after the center back passes the ball, during an offensive sequence in an organized attack. Other variables considered were the Result of Finalization, made by the center back or by the player assisted by him, and the tactical means used prior to the finalization in which the center back was directly involved. The Partial Score was also used to corroborate if the result influenced the center back’s decisions.

As mentioned before, this is a new rule that came into effect in 2016. Though there is not much in the literature to enable a comparison and/or forward a discussion, our findings are significant and show that this new rule is changing the approach of the coaches regarding the game, as well as how certain players, namely the center back, are adapting to these changes.


Numerical Equality With Goalkeeper

Numerical equality with goalkeeper and the organized attack are the most common situations and the most frequent (Anti, 1999; Debanne, 2005; Prudente, 2006, unpublished; Silva, 2008, unpublished). This study, which was based on 714 offensive sequences in a total of 990 that were played in an organized attack, also corroborates this.

From the results of the polar coordinates, it is evident that the center back’s patterns of play are associated with the probability of activation of the “goal” (2.73) and “break pass” (3.24). When interpreting the results, regarding the numerical relation with a goalkeeper, one verifies that the center back has a higher level of participation in the match and in decisive actions. Although in this situation the probability of scoring a goal is high, there is equally a significant probability of “ball loss” due to the number of actions he performs in the game. In the observation instrument, “no relevant actions” corresponds to the situations when the center back does not finalize, continues playing, or loses the ball after more than four passes. This reinforces the idea that the center back is the player who chooses group movement and coordinates his playmates; therefore, he has a key role in the perceptions of the affordances in team handball (Rodriguez and Anguera, 2018). Other results from the same analysis show that the significant probability of this numerical relation also inhibits the “7mGoal” (2.97). The significant probability of the occurrence of “break pass” is linked to the fact that the center back is the decision maker and responsible for the cooperation situations (2 vs. 2) with pivot players (Sousa et al., 2015; Rodriguez and Anguera, 2018). This focal conduct is also associated with the occurrence of “unbalanced defeat” (3.23) and “draw” (2.21) situations. This can be explained by the fact that in stress games situations, the center back is more inside the game, which is crucial in these situations.



Numerical Equality With Empty Goal

This new situation is promoted by the changes of the rules with which the teams can choose to play with an empty goal, replacing the goalkeeper with a field player, in order to attack in numerical equality when they have a player penalized with 2 min. The number of sequences observed was 106 of a total of 990 played in organized attacks. Although this is a relatively recent issue, Beiztegui-Casado et al. (2017) have studied the goalkeeper as a field player in numerical inferiority situations, in the context of the old rules of handball, in the World Women’s Championship 2015. They verified that in 927 offensive sequences of numerical inferiority, teams chose to play with a goalkeeper as field player 154 times, meaning that 16% of the sequences were made in numerical inferiority. In this study, considering the total of sequences observed played in numerical inferiority, a total of 108 (only 95 occurred, i.e., 87%) were played with empty goal, meaning numerical equality in attack. Our study, based on a sample from the World Men’s Championship 2017, reached a low result (11.5%) but more than 10%. These results show that teams started to explore the new rules about the goalkeeper, and this change is now used by coaches and teams. From the results, it can be inferred that the focal conduct “numerical equality with empty goal” activates “no shot” (2.56), “ball loss” (2.6), “cross” (2.03), and “second pivot entrance” (3.46) and inhibits the “assist” (2.2) and the “change positions” (2.08) of the center back. A growing change in patterns regarding the previous studies conducted by Beiztegui-Casado et al. (2017) can be observed. According to them based on the results they found, they stated that the use of the goalkeeper as field player favors goal scoring and was a good option to cancel the numerical inferiority in the attack. Our findings also showed that in this situation, the center back actually promotes the use of group tactical means prior to finalization (cross and second pivot entrance). This situation can be explained by an attempt to keep the ball longer, even though the results show that they can be associated with negative aspects such as “ball loss” (2.6) and “no shot” (2.56).

It is our assumption that the differences between the results obtained by Beiztegui-Casado et al. (2017) and this study could be explained by the fact that their sample was in the Women’s Handball World Championship 2015, prior to the modification of the goalkeeper participation rules.

An association of inhibition was detected between focal conduct and partial score (“draw” 2.21 and “balanced defeat” 3.23), which can be explained by the decision to play with a goalkeeper. This occurred usually when the team was winning and felt it did not need to take risks.



Numerical Superiority With Goalkeeper

Results show that teams used 102 sequences in “numerical superiority with the goalkeeper” and that the focal conduct Numerical Superiority with Goalkeeper activates the “7 m goal” (4.97), “assist” (1.97), and “ball loss” (3.28) but inhibits “no shot” (2.36), “break pass” (2.93), and “no relevant actions” (2.36).

We can explain the higher probability of occurrence of the “7 m goal” by the higher probability of shoot from 6 m or without opposition, thus promoting the occurrence of the 7 m penalty. This is a valid explanation for the probability of inhibition of “no shot,” “no relevant actions” realized by the center back, as well as the inhibition of the “break pass.”

When relating focal conduct with “partial score” (“balanced victory” 5.2 and draw 3.15), an association of activation of conditioned conducts was verified. This clearly shows that teams prefer to maintain the goalkeeper when they have “numerical superiority” and are winning.



Numerical Superiority Without Goalkeeper

Results show that teams have only used 19 sequences in numerical superiority when they chose to play with the empty goal. These situations (7 × 6 in attack) lead to some positive and significant results, even though it was the smaller sample of our study. Teams that play with this organization are positively successful in their ventures. In other words, this is associated with “goal” (2.05) and inhibits the situations where there are “ball loss” (2.07) and “no goal” (3.73). Our results show that when playing with seven field players, there are usually two pivots, that is why there is a connection with the “second pivot entrance” (2.99). In a 7 × 6 configuration, there a significant association with “balanced victory” (5.22). In our opinion, these results show that this situation is becoming much more common and there are more teams exploring it.

These results show that the center back’s playing patterns are different depending on the configuration of play related to the numerical relation. Unlike Rodriguez and Anguera (2018), who studied whether these patterns were differentiated by the player that occupied that playing position, our main focus is on whether or not the new goalkeeper rules have influenced the center back’s actions.

This study is only a first approach that renders some knowledge and information that can be shared with coaches so that they can explore the possibilities that this new rule offers when letting a field player replaces the goalkeeper. By knowing more about the different patterns of play of the center back, solutions can be sought and found for the tactical training of this player. This way, players and coaches will have a better perception of the possibilities offered by the contextual variable numerical relation.

Different patterns of behavior of the center back in different numerical relationships were identified and analyzed, but it is our recommendation that in the future, studies should be continued and take into account context variables such as defensive systems and playing time. This will provide a deeper understanding of the center back’s actions and tactical relations during organized attacks.

Fully aware that evolution in the game trends is to be expected, we advise these studies to be extended and larger samples be included so as to consistently analyze the participation of the center back in situations of numerical superiority with empty goal (7 × 6).




CONCLUSIONS

After the analysis and discussion of the results, it can be concluded that the observed numerical relations, whether of equality or superiority, influenced the behavior and actions of the center back during the game and in the team dynamic. There is no doubt that the center back’s playing patterns are different depending on configuration of play related to the numerical relation.
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Research in taekwondo has traditionally focused on specific aspects athletes' overall technical and tactical skills, while ignoring other important issues such as identifying how successful athletes score points. The aim of the current study was to follow two medalists through two Olympic Championships (2012 and 2016) to discover the effective patterns associated with scoring in taekwondo using an observational methodology. An ad-hoc taekwondo observational tool was used to codify the actions performed by the athletes. An observational descriptive and multivariate analysis of 1,688 actions performed by the athletes was conducted. A lag sequential and polar coordinate analysis was performed that considered tactics, techniques and the kicking zone as factors related to score (one to four points). The results showed that one point was scored with direct attacks (DIAs) and actions to the chest where DIAs also occurred prior to scoring. After scoring one-point, opponents tended to gain points by kicking the opponent's head. Two points were scored with simultaneous spinning kicks. Cuts occurred prior to and after scoring while posterior counterattacks (PCAs) occurred after. Three points were scored by performing indirect attacks and PCAs to the head. Cuts, dodges, and linear actions preceded the three-point score while dodges, DIAs, and linear actions to the chest also occurred after the three point-actions. In conclusion, these two athletes not only mastered the whole tactics but also used specific strategies to score. That is, they anticipated the opponent's attack to score one point by kicking the opponent directly and performed spinning kicks from short distances when they perceived an opponent's cutting action to score two points. Finally, these athletes indirectly attacked the opponent when they dodged by kicking their head and counterattacked posteriorly when an opponent's cut was perceived to score three points. Thus, they used the most difficult tactics to achieve the highest score. It is suggested that coaches and psychologists train athletes in better decision-making by preparing them to not only prepare their own attacks but to systematically use the intended attacks by their opponents to score their own points in accordance with the successful patterns extracted in this study.

Keywords: techniques, tactics, polar coordinate, lag sequential, taekwondo, successful patterns


INTRODUCTION

Scientific literature in taekwondo has shown a growing interest in performance indicators since it became an Olympic sport in the year 2000 (Cular et al., 2011). Research in taekwondo has traditionally focused on specific performance indicators related to the bout situation such as athletes' overall technical and tactical skills (Kazemi et al., 2006, 2009, 2010; Matsushigue et al., 2009; Cular et al., 2011; Santos et al., 2011; Tornello et al., 2014), which help to achieve a greater understanding of the dynamics of this sport.

Performance indicators related to score in this sport are tactics, techniques and the kicking zone (Falcó et al., 2012; Falco et al., 2014). Previous studies pointed out a specific competitive trend in terms of the tactics used by taekwondo college athletes (Falco et al., 2014). In this sense, the studied winning competitors performed more anticipatory counterattacks and less indirect attacks than non-winners. In addition, the use of direct, indirect attacks, and posterior counterattacks were the most performed action by winners and are suggested to increase the level of their tactical behavior. Olympic athletes tend to perform more attacks to score one point (Kazemi et al., 2006). Years later, the same research team found that 2004 Athens Olympics athletes more frequently used one-point attacks to score, followed by counterattacks and two-point attacks (Kazemi et al., 2009). They also concluded that the fighting style has become more dynamic as time passes. Unlike previous competitions, the 2008 Olympic competitors used more counterattacks to score, suggesting a more conservative style (Kazemi et al., 2010; Cular et al., 2011). Female Olympics competitors in 2012 used more attacks (direct and indirect) to score one and three points, respectively, while simultaneous counterattacks appeared to be the most performed to score two and four points (Menescardi, 2017), showing an association between a conservative style and one type of score (spinning techniques) and an aggressive style with other types of score (linear and circular techniques), showing that techniques were also related to score.

In terms of the techniques performed, it appears that circular techniques were the most frequently performed (Matsushigue et al., 2009) until London 2012, when the profile of the taekwondo techniques used changed from circular to other and more varied techniques, as well as increasing the number of kicks performed. This change can be seen as a consequence of the change in the point system, namely, the introduction of three points for kicks to the head and an extra point for a spinning kick with the inclusion of electronic chest protectors (Sledweski et al., 2015). In relation to techniques as well as scoring level, it is necessary to take into consideration the kicking zone as the location of the kicks determines their scoring (Falcó et al., 2012): one point for a valid attack on the chest protector, two points for a valid spinning kick to the chest protector, three points for a valid kick to the head with a linear or circular technique and four points for a valid spinning kick to the head (World Taekwondo Federation, 2012).

Purely descriptive studies of the mentioned variables have primarily been used to increase the scientific knowledge of taekwondo competitive situations, while pattern detection studies are still scarce. In this sense, the identification of successful patterns in taekwondo which allow athletes to score seems important due to the internal logic of the sport, since athletes win the bout if they score more than the opponent (Menescardi and Estevan, 2017). The ability to execute effective patterns through a combination of cognitive, perceptual, and motor skills is one of the most important aspects of an athlete's performance (Ali, 2011). Only five studies have analyzed patterns in taekwondo, two of which used lag sequential analysis (González-Prado et al., 2015; Menescardi and Estevan, 2017) while the last three (López-López et al., 2015; Menescardi et al., 2016, 2019) used polar coordinate analysis.

A previous study that used lag sequential analyses showed that the offensive actions performed in 48 bouts from six World Cups (2000–2008) act in favor of further effective actions, while defensive actions act as inhibitors. In addition, the advantage in the scoreboard acts as an inhibitor of offensive actions and winning athletes then tend to use defensive actions (González-Prado et al., 2015). Another study showed an interchangeable pattern of attacking and counterattacking actions in which attacking actions were followed by simultaneous counterattacks or dodges, while counterattacks (anticipatory, simultaneous, or posterior) were followed by attacks (Menescardi and Estevan, 2017). Menescardi et al. (2016) found similar results by using polar coordinate analysis. López-López et al. (2015) found a relationship between anticipatory counterattacks with circular kicks performed with the left leg to score one point in Olympic males (London 2012) due to anticipated actions surprised the opponent. In addition, anticipatory counterattacks and spinning kicks were related to effective two-point actions, while three-point actions were related to circular techniques, the most frequently performed in competitions (Matsushigue et al., 2009). Finally, Menescardi et al. (2019) found different patterns between male and females in one-point actions: female scored one point after cut, direct attacks with circular techniques to the chest, while males scored after spinning anticipate counterattack and dodges. Females scored two points after direct attacks while males used simultaneous counterattacks to the head. Both, males and females, scored three points after cuts and posterior counterattacks. Males scored four points after blocks and simultaneous counterattacks.

The scientific literature in this sport has focused on the technical-tactical aspects of all competitors and has ignored other important issues such as identifying the behavior of talented or successful athletes. The analysis of a specific player's performances has been carried out in other sports such as soccer by analyzing the behavior of Xavier Hernández (Maneiro et al., 2019), Lionel Messi and Cristiano Ronaldo (Castañer et al., 2016, 2017). Similar studies have still not been performed in the field of taekwondo. Consequently and in view of the data presented, a thorough study using an effective analysis technique such as polar coordinate and lag sequential analysis is justified. To analyze the decisions taken in sport, it is necessary to analyze the different actions that occur during a bout and both lag sequential and polar coordinate analysis are suitable techniques for identifying and helping to understand these actions (Morillo et al., 2017; Prudente et al., 2017). The first technique analyzes which actions occurred before and after a behavior of interest (i.e., focal behavior) and other behaviors (i.e., conditional behaviors; Castañer et al., 2017) with the number of lags related to the internal logic of the sport and considered relevant by researchers. The second technique reduces the volume of the data analyzed to highlight significant relationships between focal and conditioned behaviors in an easy-to-interpret vector map showing what happens right before and after the behavior of interest (Morillo et al., 2017). These techniques are complementary (Castañer et al., 2017; Tarragó et al., 2017) and with important methodological endorsements in areas of social sciences such as those pertaining to sport (Hernández-Mendo and Anguera, 2002; Perea et al., 2012; López-López et al., 2015; Zourbanos et al., 2015; Castañer et al., 2016, 2017; Arias-Pujol and Anguera, 2017; Morillo et al., 2017; Tarragó et al., 2017; Maneiro and Amatria, 2018; Pérez-Tejera et al., 2018; Maneiro et al., 2019).

Given the scarcity of studies analyzing the behavior of elite taekwondo athletes, the aim of the present study was to follow two medalists through two Olympic Championships (London 2012 and Rio de Janeiro 2016) and conduct a lag sequential and polar coordinate analysis to discover effective patterns in relation to tactics, techniques and the kicking zone associated with different scores in taekwondo using an observational methodology.



MATERIALS AND METHODS


Methodology and Design

This study used an observational methodology, which has been proven to be one of the most suitable research methods for studying the spontaneous interactions between athletes (Maneiro and Amatria, 2018). The design of the present study is I/S/M, where I refers to ideographic (focusing on two athletes), S refers to intersessional follow-up (recording of eight bouts) and intrasessional follow-up (continuous recording of specific moves), and M refers to multidimensional (analysis of multiple criteria or levels of response, using a purpose-designed observation instrument).



Participants and Sample

A total of 1,688 actions performed by two athletes during two Olympic tournaments (2012 London and 2016 Rio de Janeiro) were coded from public television broadcasts and analyzed. The athletes studied were Jade Jones and Lee Dae-hoon (57 and 68 kg, respectively), who were medalists in both tournaments and the only two medalists still currently active. Olympic medalists competed on four bouts (i.e., preliminary, quarterfinal, semifinal, and final round) in each tournament carried out on the same day (for each weight category) from morning to evening. The criterion for action inclusion was the clear observability of each action; when the action was not clear or incomplete, it was not codified. This research was carried out in accordance with the Declaration of Helsinki. Since the analyzed videos in which the public behavior can be observed are in the public domain, it was not necessary to acquire informed consent from the athletes concerned (American Psychological Association, 2002). The study protocol was approved by the Human Research Ethics Committee of the University of Valencia.



Materials

To code the athletes' behavior, the taekwondo observational tool, validated by Menescardi et al. (2017) was used (Table 1), which contains four exhaustive category systems (criteria) and 19 mutually exclusive categories to characterize the taekwondo actions distributed within each criterion. HOISAN software (Hernández-Mendo et al., 2012) was used to codify the data and conduct the lag sequential and polar coordinate analysis.


Table 1. Categories, codes, and categorical core of the observational tool used.
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Procedure

The actions were analyzed by different observers previously trained following the procedure stated by Anguera (2003). Six observers divided into two groups (Groups A and B) were involved in the reliability analysis of the data and analyzed six combat bouts to obtain the inter-observer reliability. Intra-observer reliability was analyzed by evaluating one observer's codification (six combat bouts) twice. Cohen's kappa (κ) was used to calculate intra- and inter-observer reliability, with κ values above 0.85 indicating almost perfect conformity (Landis and Koch, 1977; López-López et al., 2015).



Statistical Analysis

Lag sequential analysis followed by polar coordinate analysis of the technical-tactical elements that influence the score were performed using HOISAN software. Previous studies have applied both statistical analysis due to its complementarity in observational studies in the field of sport (Castañer et al., 2017; Tarragó et al., 2017). This software integrates the analysis of the prospective and retrospective lag sequential analysis, allowing researchers to detect when technical-tactical elements prior to the score are revealed as preparatory to the occurrence of each score (retrospective) while the prospective perspective is based on considering those elements as subsequent to the score (Z > 1.96; p < 0.05). The number of negative (−1 and −2) and positive lags (+1 and +2) were used for known behavior associations between focal and conditioned behaviors (that is, technical-tactical elements and score), in line with Anguera et al. (2018). Polar coordinate analysis combines adjusted residuals from lag sequential analysis and the Zsum statistic (Anguera et al., 2018). To do that, adjusted residuals (AR) derived from sequential analysis (Z scores) were used to calculate Zsum statistics (Zsum = Pz/√n) (Cochran, 1954). AR are computed by comparing observed with expected probabilities (chance occurrences). The relationship between the focal behavior and the conditional behaviors in polar coordinate analysis is estimated using the angle of the resulting vector, while the strength is estimated using the vector radius as √(ZsumProspective2+ZsumRetrospective2) (Arias-Pujol and Anguera, 2017). The resulting polar coordinate maps show the associations between the focal and conditional behaviors analyzed depending on the angle and the quadrant in which behaviors appeared. The angle (θ) is determined by the sine arc of Y/Radio, giving rise to four relationships depending on the quadrant in which the vector is located:

a. Quadrant I (0–90°). Indicates that the focal and conditional behaviors are mutually activated in both perspectives, that is, the conditioned behaviors occur before and after the focal behavior (+, +).

b. Quadrant II (90–180°). Indicates that the focal behavior inhibits the conditional behaviors but is also activated by them, that is, the conditioned behavior precedes but does not follow the focal behavior (+, –).

c. Quadrant III (180–270°). Indicates that the focal and conditional behaviors are mutually inhibited, that is, the conditioned behavior neither precedes nor follows the focal behavior (–, –).

d. Quadrant IV (270–360°). Indicates that the focal behavior activates the conditional behaviors but is also inhibited by them, that is, the conditioned behavior does not precede but follows the focal behavior (–, +).

Despite the fact that all relationships appear in the vector representation of the polar coordinates map, only those with a module or radium length (r) of the vector > 1.96 are considered significant (p < 0.05) and included in the results. The relations between the behaviors were represented on a vector map using MATLAB software (Perea et al., 2012). Taking into account the goal of the study, a total of four polar coordinates analyses were conducted and the score criteria included four options: one point, two points, three points, and four points from the pooled data, for each competitor and each tournament.




RESULTS


Results From the Pooled Data

A lag sequential (Table 2) and polar coordinate analysis were performed to investigate factors that explain how successful athletes achieve their score (one to three points) and win their bouts. No significant associations were found with four-point actions, as elite athletes performed none during the bouts analyzed. The results of lag sequential analysis showed a relationship between one point-actions and direct attacks (Z−2 = 2.51; Z0 = 2.46) and actions to the chest (Z0 = 8.01) and to the head (Z+1 = 2.46). Relationships between two point-actions were found with cuts (Z−2 = 4.76; Z+2 = 3.52), posterior counterattacks (Z+1 = 4.18) and spinning techniques (Z0 = 4.90). Relationships between three point-actions were found with dodges (Z−2 = 2.76), indirect attacks (Z0 = 2.11) and posterior counterattacks (Z0 = 2.32) to the head (Z0 = 7.68), linear actions (Z+1 = 2.03) and actions to the chest (Z+1 = 2.33). The results of polar coordinate analysis showed significant associations (r > 1.96; p < 0.05) between the different types of score and actions used to score (Figure 1). That is, direct attacks occurred prior to one-point actions (QII, r = 2.58) and after three-point actions (QIV, r = 2.91). Circular techniques occurred prior to one-point actions (QI, r = 2.01). Cuts were performed prior to and after two-point actions (QI, r = 3.96). Linear techniques occurred prior to and after three-point-actions (QI, r = 2.56). Posterior counterattacks occurred after two-point actions (QIV, r = 2.81). No significant associations were found with the other variables studied (Table 2). Supplemental Material with a graphical representation of behavioral patterns extracted from lag sequential were included with their corresponding screenshot to give readers additional information about the results obtained.


Table 2. Lag sequential analysis of two lags (−2, +2) results.
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FIGURE 1. Representation of behavioral maps for 1-point (A), 2-point (B), and 3-point (C) effective actions as focal behavior. The behavioral map was represented divided into four quadrants, with each of the conditioned categories as vectors in the axis X/Y and their respective coordinates Zsum prospective (X) and Zsum retrospective (Y). Significate vectors (Radium > 1.96), Zsum values, prospective (pros.) and retrospective (retr.) perspective, quadrants (Q), radium length (r), and vector angle (θ) are represented. CUT, Cuts; DIA, Direct Attack; PCA, Posterior Counterattack; LIN, linear technique; CIR, Circular technique.




Competitor's Styles

Considering lag sequential (Table 3), to score one point, Jones scored with actions to the chest (Z0 = 6.27), while circular techniques (Z+1 = 3.39) and actions to the head (Z+1 = 2.10) occurred posteriorly. No significant associations were found with two-point actions, as she performed none during the bouts analyzed. To score three points, she performed dodges (Z−2 = 2.68), and scored with indirect attacks to the head (Z0 = 2.74 and 6.27, respectively) while linear actions to the chest occurred after scoring (Z+1 = 2.83 and 2.10, respectively). Polar coordinate analysis (Figure 2) showed that to score one point she performed simultaneous counterattacks prior to and after scoring (QI, r = 2.13) with circular techniques (QI, r = 3.46). Prior to and after scoring three-points she used also linear techniques (QI, r = 3.36).


Table 3. Lag sequential analysis of Jones and Dae-Hoon of two lags (−2, +2) results.
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FIGURE 2. Representation of behavioral maps for 1-point (A), 2-point (B), and 3-point (C) effective actions as focal behavior for Jones (green) and Dae-Hoon (red). The behavioral map was represented divided into four quadrants, with each of the conditioned categories as vectors in the axis X/Y and their respective coordinates Zsum prospective (X) and Zsum retrospective (Y). Significate vectors (Radium > 1.96), Zsum values, prospective (pros.) and retrospective (retr.) perspectives, quadrants (Q), radium length (r), and vector angle (θ) are represented. DOD, Dodges; CUT, Cuts; DIA, Direct Attack; PCA, Posterior Counterattack; LIN, linear technique; CIR, Circular technique.


Regarding Dae-Hoon's style, lag sequential analysis (Table 3) showed that he used actions to the chest (Z0 = 4.96) to score one point. Also, a relationship was found with cuts and two-points (Z−2 = 3.60) and spinning actions to score (Z0 = 3.81) followed by posterior counterattacks (Z+1 = 3.00) and cuts (Z+2 = 2.76). Regarding, three-points actions, a relationship was found between indirect attacks (Z−2 = 2.28) and cuts (Z−1 = 1.99) prior to scoring while he used posterior counterattacks to the head to score (Z0 = 2.13 and 4.34, respectively) and direct attacks (Z+1 = 1.99) in addition to simultaneous counterattacks (Z+1 = 1.99) occurred after that. Polar coordinate analysis (Figure 2) indicates he used direct attacks prior to scoring one-point (QII, r = 2.47) while cuts occurred after one point score (QIV, r = 3.22). A relationship was found between cuts and two-point actions (QI, r = 2.98) which are followed by posterior counterattacks (QIV, r = 1.98). Regarding, three-point actions, cuts occurred prior to scoring (QII, r = 2.50) while he used direct attacks (QIV, r = 3.15) after scores. Circular techniques were performed prior to and after scoring (QI, r = 2.06). Supplemental Videos were included with patterns extracted from both competitors.



Tournament's Styles

Regarding lag sequential (Table 4), in London 2012, direct attacks (Z−2 = 2.03) occurred prior to scoring one point throughout kicks to the chest (Z0 = 6.56). To score two points, cuts occurred prior to scoring (Z−2 = 6.40), while posterior counterattacks (Z+1 = 3.16) and cuts (Z+2 = 4.30) occurred after scoring. Two-point actions were scored with simultaneous counterattacks (Z0 = 1.97) and spinning techniques (Z0 = 6.56) to the chest (Z0 = 2.12). To score three points, athletes used dodges prior to scoring (Z−2 = 2.32) while actions were scored with kicks to the head (Z0 = 6.05). After scoring, indirect attacks (Z+1 = 2.08) and linear techniques (Z+2 = 1.98) were performed. In Rio de Janeiro 2016, athletes scored one-point with direct attacks (Z0 = 2.53) and linear techniques (Z0 = 2.22) to the chest (Z0 = 4.83). Actions to the head (Z+1 = 2.10) and indirect attacks (Z+1 = 2.00) occurred after scoring. No two-point actions were significant. In addition, three-point actions were scored with kicks to the head (Z0 = 4.83) and indirect attacks (Z0 = 2.07). After scoring, actions to the chest occurred (Z+1 = 2.10).


Table 4. Lag sequential analysis of 2012 and 2016 Olympic Tournaments.
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Polar coordinate analysis (Figure 3) showed that, in 2012 Olympic Games, circular techniques (QI, r = 2.15) occurred prior to and after one-point actions. To score two points cuts occurred prior to and after scoring (QI, r = 5.27) and posterior counterattacks after scoring (QIV, r = 2.08). To score three points, linear techniques occurred prior to and after scoring (QI, r = 3.04). In 2016 Olympic Games, athletes used direct attacks prior to (QII, r = 2.36) one-point actions and cuts after scoring (QIV, r = 2.12). Cuts (QII, r = 2.12) preceded three-point actions while direct attacks (QIV, r = 2.36) occurred after scoring.
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FIGURE 3. Representation of behavioral maps for 1-point (A), 2-point (B), and 3-point (C) effective actions as focal behavior for 2012 (purple) and 2016 (red) tournaments. The behavioral map was represented divided into four quadrants, with each of the conditioned categories as vectors in the axis X/Y and their respective coordinates Zsum prospective (X) and Zsum retrospective (Y). Significate vectors (Radium > 1.96), Zsum values, prospective (pros.) and retrospective (retr.) perspectives, quadrants (Q), radium length (r), and vector angle (θ) are represented. CUT, Cuts; DIA, Direct Attack; PCA, Posterior Counterattack; LIN, linear technique; CIR, Circular technique.





DISCUSSION

This is the first study to follow two medalists through two Olympic Championships and the first that performed both a lag sequential and a polar coordinate analysis to discover the effective patterns in terms of tactics, techniques and the kicking zone associated with the different scores in taekwondo using an observational methodology. As such, it is difficult to compare our results with those of previous studies. The main findings of the present study are that there are specific behaviors used by taekwondo elite athletes to achieve different scores, in accordance with previous studies that consider tactics, techniques, and the kicking zone to be related to score (Matsushigue et al., 2009; Falcó et al., 2012; Falco et al., 2014; Sledweski et al., 2015; Menescardi et al., 2019).


Effective One-Point Actions

The results showed that both athletes use direct attacks to the chest to score one point (Z0 = 2.46 and 8.01, respectively). This is in line with previous studies which have reported direct attacks to the chest as the most frequent actions performed during competitions at all competitive levels, whether Olympic, college, or national level tournaments (Matsushigue et al., 2009; Falcó et al., 2012; Sledweski et al., 2015). Further, before scoring, both athletes performed direct attacks (Z−2 = 2.51, Table 2; r = 2.58, Figure 1) which can be interpreted as a way for the athletes to adjust the distance to perform the posterior technique to succeed. After scoring, these two athletes continued with a technique to the head trying to continue scoring (CAB: Z+1 = 2.46), by adding three or four points depending on the technique performed (World Taekwondo Federation, 2018). This can be achieved due to the fact that when the opponent received a score to the chest, for a short period of time, focused on the area that was not properly blocked (i.e., the chest). It seems that both Jones and Dae-Hoon take this instant opportunity to get points by kicking to the head.

In taekwondo, as in other combat sports, it is important to take into consideration the stimulus-response in order to anticipate opponent's actions and act accordingly to win the bout (Roi and Bianchedi, 2008); such testing is vital to an adequate tactical approach in an adversary sport such as taekwondo. In this sense, Jones used simultaneous counterattacks with circular techniques before scoring while she continued by performing the same pattern (QI, r = 2.13 and 3.46, respectively, Figure 2) but to the head after scoring (Z+1 = 2.10, Table 3). On his side, Dae-Hoon performed direct attacks before (QII, r = 2.47) scoring while after scoring he typically did a cut (QIV, r = 3.22, Figure 2). These results are in line with previous studies (e.g., Menescardi et al., 2019) that identified that females used cuts or direct attacks with circular techniques to the chest before scoring while after scoring they perform cuts and circular techniques to the head. Also, the same study reported that males perform dodges or anticipations with spinning techniques before scoring while they use simultaneous and anticipation counterattacks with spinning techniques after scoring. It can be anticipated that Jones and Dae-Hoon used their cuts and direct attacks to adjust their distances and test the reaction of the opponent. Taekwondo athletes spend time in well-defined distances from their opponent, which allows to perceive how to better reach the target and score (Falco et al., 2009), highlighting in this case the distance control of both the elite athletes studied. After scoring, they performed a kick to the head (with a circular technique in the case of Jones) that makes the opponent to go back and increase the distance or thereafter cutting the distance (in the case of Dae-Hoon) which requires a new scenario. Those actions showed a specific pattern to finish the sequence.

In both competitions (London 2012 and Rio de Janeiro 2016) both athletes scored one point with techniques to the chest according to the sport's regulations. Before scoring they performed direct attacks, but while in London they used more circular techniques (Menescardi and Estevan, 2017), whereas in Rio de Janeiro the tendency was inverted and they used more linear ones (Z0 = 2.22, Table 4; Sledweski et al., 2015). After scoring, in London 2012, they used circular techniques, while in Rio 2016, they used cuts, and indirect attacks to the head. This shows the constant evolution of play patterns, not only at different competition level, but also over the years as reported in the sport field (Menescardi et al., 2018).



Effective Two-Point Actions

To score two points, a spinning technique was used (Z0 = 4.90, Table 2) in line with previous studies (López-López et al., 2015) and sport's regulations (World Taekwondo Federation, 2012). Before scoring athletes performed cuts (Z−2 = 4.76; Table 2). Cut an attack can give the opportunity to check how the opponent perform a technique, obtaining the information needed to read the right time and distance to perform a spinning technique, at the same time as the opponent performs her/his attack (i.e., simultaneously).

After scoring athletes performed posterior counterattack (Z+1 = 4.18) or cuts (Z+2 = 3.52). Previous studies (Menescardi et al., 2019) have also shown that females tend to perform direct attacks to the head after scoring, which is a perfect combination for a simultaneous or a posterior counterattack as Falco et al. (2014) highlighted. On the other side, the same study reports that males tend to perform simultaneous and anticipatory counterattacks after scoring. Based on that, it seems that athletes adapts their tactics to those situations by performing counterattacks.

Regarding differences between competitions, it should be noted that no effective actions of two points were scored in the 2016 tournament as regulations changed (in 2015) increasing the score from two to three points for spinning actions, highlighting the dynamic nature of this sport and its regulations to make it more popular and attractive to the audience. Therefore, everything related to two point actions can be only attributed to London 2012.



Effective Three-Point Actions

To score three points, both athletes performed indirect and posterior counterattacks (Z0 = 2.11 and 2.32, respectively) to the head (Z0 = 7.68). Before scoring, they performed dodges (Z−2 = 2.76) while after scoring, they performed direct attacks (QIV, r = 2.91, Figure 1), with linear actions (r = 2.56), to the chest (Z+1 = 2.33, Table 2). As highlighted by Falco et al. (2009), it is interesting to observe that before attacking these athletes spent quite some time in well-defined relative distances from each other, as dodges were performed trying to find the optimal distance to attack. It should be noted that a different pattern were obtained for one-point (where they follow up with a technique to the head) than when the athletes obtain a three-point scores to the head (where they follow up with the technique performed to the chest). It can be due to the fact that, after being kicked in the head, athletes tend to raise the arms and at this time, both Jones and Dae-Hoon tried to take profit of this situation by kicking to the chest.

Individual observations showed that before and after scoring Jones primarily used linear techniques (QI, r = 3.36, Figure 2), and scored through indirect attacks (Z0 = 2.74, Table 3). In a recent study, Menescardi et al. (2019) reported that before scoring females performed posterior counterattacks while after that they performed spinning techniques. In this sense, it seems that Jones adapted her tactics to the characteristics of the bout situation and her opponents in an attempt to control them to score (Chiodo et al., 2012; Falco et al., 2014; Menescardi et al., 2015). Here, we can see an evolution of the tactics highlighted by Falco et al. (2014), wherein the best way to react to a posterior counterattack is an indirect attack, while to a spinning kick a linear technique is better. On his side, Dae-Hoon primarily scored by the use of posterior counterattacks (Z0 = 2.13, Table 4). Before scoring, he preferred the use of indirect attacks (Z−2 = 2.28) with circular techniques (r = 2.06) and cuts (Z−1 = 1.99). After scoring, he tended to perform more direct attacks and simultaneous counterattacks (Z+1 = 1.99) with circular techniques (r = 2.06). Those behaviors are suitable for the maneuvers reported by Menescardi et al. (2019) wherein, before score, males tend to perform blocs while after, they perform openings.

Regarding the tournaments, in London 2012, dodges (Z−2 = 2.32) and linear techniques were specially used before scoring (Z−1 = 2.10; QI, r = 3.04) while in Rio de Janeiro 2016, cuts were more predominant (QII, r = 2.12). After scoring, indirect attacks (Z+1 = 2.08) with linear techniques were more used in London 2012, while indirect attacks were used to score in Rio de Janeiro 2016 (Z0 = 2.07) and direct attacks (QIV, r = 2.36) to the chest (Z+1 = 2.10) were more prevalent after scored. This is in line with Sledweski et al. (2015), who reported that in London 2012 the most effective technique was the linear kick to the head (naerio chagi). As suggested previously, differences between tournaments are due to the evolution of taekwondo sparring.



Effective Four-Point Actions

No significant actions were observed to score points in the game plan/strategy from these two athletes. In this sense, Menescardi et al. (2019) also did not find a significant pattern for 4-point scores for female athletes, while males used simultaneous counterattacks before scoring and indirect attacks before and after scoring to the head with spinning techniques. This does not mean that these athletes do not perform techniques that can score points, but the use of 4-point techniques can be reluctant to fail and therefore, use them in a very specific and punctual situation. The lack of 4-point scores can be interpreted as a more conservative style of the athletes as few spinning actions to the head were performed. Nevertheless, the results of the present study highlight the increased level of tactical behavior (i.e., indirect attacks and posterior counterattacks due to the timing recognition needed to perform them correctly; Falco et al., 2014) as scores increased, suggesting that more elaborate tactics help to achieve the highest score possible.

Regarding the lag sequential and polar coordinate analysis used to analyze the data, as previously mentioned, their complementary potential should be noted (Arias-Pujol and Anguera, 2017; Castañer et al., 2017; Tarragó et al., 2017; Anguera et al., 2018). This is because polar coordinates considerably reduce the amount of data (Morillo et al., 2017), but special relationships can be found with lag sequential analysis in each of the lags analyzed, particularly when the number of actions analyzed are not high as occurred with the follow-up of elite athletes. Consequently, future studies that analyze elite athletes to extract successful (and scarce) patterns should consider combining both techniques to gain a clearer insight into what occurs during competitive situations.



Limitations and Future Research Lines

As for the limitations of this study, the degree of generalization or the external validity of the results obtained was based on the selected behaviors of only two elite athletes (Olympic athletes). Further studies should consider increasing the number of lags analyzed in order to explain longer sequences to identify the patterns extracted. Additional studies could examine athletes' behavior at different competitive levels (international, college, junior, cadet championships), consider the match outcome (Gómez et al., 2016a,b) and include a greater number of bouts to provide more data to validate the findings of this study.

Independently of the limitations of the present work, studies on taekwondo technical-tactical performance related to scoring that take into account of the multiple factors involved in performance will provide data to help to improve athletes' decision-making in real sparring situations, in addition to allowing coaches and psychologists to train athletes in order to prepare them to act according to the successful patterns extracted. Furthermore, the findings of the present study could be related to the structuring of sport-specific tests, which are able to improve the pertinence of talent identification and selection as encouraged in a previous study (Casolino et al., 2012).




CONCLUSIONS

Athletes have a studied tactical repertoire and use all tactics according to the different types of score and which actions are the most effective. To each scoring option, the athletes use a specific pattern. The pattern observed was that, to score one point, they use direct attacks to the chest. To score two points, they use simultaneous counterattacks with a spinning technique. To score three points, they perform indirect and posterior counterattacks to the head. In addition, before scoring, the athletes prepare the situation to the best suitable instant to the better chance. In that sense, effective one-point actions were preceded by attacks, spinning kicks of two points occurred after cuts while effective three-point actions were preceded by cuts and dodges. After scoring they showed a previously planned performance, either to continue scoring neither to prevent being scored. The athletes performed kicks to the head after one-point actions, two-point actions were followed by posterior counterattacks while three-point actions were followed by direct attacks with linear techniques to the chest. Coaches and trainers should use the described patterns to train athletes according to the successful patterns extracted and avoid the techniques and tactics that follow the effective actions as these patterns were not related to a successful pattern counterpart.
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Purpose: The aim of this study was to analyze tactical and technical behavior across different ages and genders in young, elite beach volleyball players.

Methods: Forty teams from the Under-18, Under-20, Under-21, and Under-22 from semifinals and finals of the 2016 World Championships and the 2016 European Championship were analyzed. The sample was composed of 69 sets. The variables studied included: Rally time, set time, match time, serve efficacy (standing serve, floating serve, and jump serve), setting efficacy (forearm, overhand, other, and 2nd attack), attack efficacy, and block efficacy. Student’s t and Mann–Whitney U-tests were used to analyze specific differences between categories.

Results: Significant differences (p < 0.05) in the pass performance, forearm pass in men (from 78.2 to 49.1%), and overhand pass in men (from 12.2 to 40.45%). In addition, in women forearm pass (from 88.5 to 76.3%) and overhand pass in women (from 1.2 to 9.35%). No significant differences in the effectiveness of attack, rally time, serve, and block efficacy.

Conclusion: Tactical considerations and gender-specific differences in technical variables may be important for training in young players.

Keywords: beach volleyball, technical, match analysis, gender, age group


INTRODUCTION

The goal of sport training is to prepare athletes for the demands of games (García-de-Alcaraz et al., 2016). Coaches need reference values for these demands to guide and plan athletes’ training and development (Sheppard et al., 2009). Most of the information available about this topic is related to the physical demands on professional or international players (García-de-Alcaraz et al., 2016). Coaches have always been concerned with optimizing their teams’ performance given that this is an inherent part of competition (Hughes and Franks, 2004, 2008).

Game analysis in sport has become increasingly important for players over recent years (Koch and Tilp, 2009). There is, however, less information available on the demands of games for different age groups. This information is necessary to provide proper, specific training at the different stages of an athlete’s development, and to avoid centering training on physical aspects (Zemková et al., 2017).

Each sport has its own rules and characteristics which make it necessary to have specific reference values to guide athletes’ training in different stages of their development (García-de-Alcaraz et al., 2016). Beach volleyball, a team sport played by two teams of two players on a sand court (Natali et al., 2017). Beach volley game is divided in two phases: side out and counterattack. The sequence of actions in beach volleyball are: serve, serve reception, set, attack, block, and dig (Giatsis and Zahariadis, 2008). The side out phase includes: serve reception, setting, and attack. The counterattack includes: block, dig, set, and attack (Costa et al., 2012).

Beach volley became an Olympic sport in 1996 and has been growing exponentially ever since (Couvillon, 2004). For example, the 2006 World Tour featured 29 tournaments around the world and included 11–20 events on average. The characteristics of the game have been previously studied (Hömberg and Papageorgiou, 1994; Hansen, 2002; Papageorgiou and Hömberg, 2004), but sports are in constant evolution and it is necessary to analyze them on a permanent basis. In 2001, rules on court size and the scoring system changed, which led authors to research how this affected the game. Some studies investigated court size (Giatsis and Tzetzis, 2003; Giatsis et al., 2003; Kröger, 2006; Ronglan and Grydeland, 2006) and others focused on the scoring system (Giatsis et al., 2005; Kröger, 2006; Ronglan and Grydeland, 2006). The rule changes did not produce positive results in the view of the Fédération Internationale de Volleyball (FIVB). Furthermore, some studies analyzed technical and tactical aspects such as side out and counter-attack phases, receptions, and differences between winning and losing teams (Giatsis and Tzetzis, 2003; Michalopoulou et al., 2005; Giatsis et al., 2015).

There is also a need for studies comparing tactical and technical characteristics in female and male players as there might be potential differences influencing the game. Therefore, the aim of this study was to analyze tactical and technical behavior across different ages and genders in young, elite beach volleyball players.



MATERIALS AND METHODS


Subjects

The participants of this study were 80 male and female volleyball players from 40 Under-18, Under-20, Under-21, and Under-22 teams. A total of 69 sets and 2,552 rallies (1,279 from women’s competitions and 1,273 from men’s competition) were analyzed. The sample included 69 sets of Under-18, Under-19, Under-20, Under-21, and Under-22 teams (536, 465, 512, 531, and 508 rallies for each category, respectively). The sets analyzed were from semi-finals and finals of the 2016 World Championships and the 2016 European Championship for Under-18, Under-19, Under-20, Under-21, and Under-22 teams. Due to the fact that a beach volleyball game is over when one of the teams wins two sets, a game can last two or three sets. The video recording of the matches was obtained from public web platforms. The location of the cameras was not fixed and depended on local factors. Therefore, the analysis of the videos was constrained by different levels of recording (Koch and Tilp, 2009; Koch et al., 2009; Natali et al., 2017; Giatsis et al., 2019). The recording process did not affect the behavior of players/teams as it is non-invasive and a common way to monitor competitions. The study was approved by the Bioethics Commission of the University of Alicante, and complied with the ethical principles stated by the Declaration of Helsinki.



Design

An observational, descriptive, and correlational design was implemented together with a notational analysis in order to assess the different features of the technical–tactical elements analyzed. Variables were obtained through an observational methodology, which provides a quality method for analysis (Anguera, 2003). The aim of approaches such as observational methodology is to model sequences of actions to gain a deeper insight into the tactical behavior of teams (Koch and Tilp, 2009). Data were collected using an observational category system. The dependent variables studied included: (a) Rally time (average time between the start and end of the rally): play time, rest time, and ratio; (b) set time (average time between the start and end of the set): Time S1–S2 (average time between the start of set 1 and end of set 2), total time (average time between the start of set 1 and end of set 3), and number of rallies (average number of rallies in set); (c) match time (average time between the start and end of the match): play time (total average time between the start and end of the rally), passive time (total average time between the end and star of the rally), rest time (average time between sets, time outs, and technical times), total time (average time of match), and numbers of rally (average number of rallies in match); (d) serve efficacy: standing serve, floating serve, and jump serve; (e) setting efficacy: forearm, overhand, other, and 2nd attack; (f) attack efficacy; and (g) block efficacy. Three levels were established for efficacy: (+) win point, (−) lose point, and neutral, which permits a subsequent attack by the opposing team. Ball action performance was measured in relation to their effect on the rally and the opponent’s possibility to continue playing. Game phase performance was measured in relation to whether the team playing that phase won or lost the rally. The independent variables considered in our study were (a) gender: male or female; (b) competition team: Under-18, Under-19, Under-20, Under-21, and Under-22.



Procedures

Matches were obtained from web platforms. Different levels of recording were found. We made sure that at least the official court area (16 × 8 m) was on camera in order to allow full viewing of actions. Rally time, set time, match time, serve efficacy (standing serve, floating serve, and jump serve), setting efficacy (forearm, overhand, other, and 2nd attack), attack efficacy, and block efficacy were collected by a single observer using Dartfish TeamPro 5.0 (Guo, 2018) and LongoMatch 1.0 free software (López-González and Miarka, 2013). The observer had a degree in sport science and over 2 years of experience in coaching and performance analysis in volleyball.

Before starting data collection, the observer completed specific training. Intra-observer reliability was calculated before and at the end of the process using two displays (Davis et al., 2008) using the following mathematical formula (Hughes, 2004):

[image: image]

where V1 are the frequencies of the first visualization display and V2 the frequencies of the second visualization; media shows the average of the two frequencies of visualization, and mod is the module.

The reliability on the intra-observer analysis obtained a margin of error of <5%, i.e., within acceptable margins of error in display and analysis (James et al., 2007). Following Bakeman and Quera (2011), we carried out a Cohen’s kappa using SPPS Statistics 18 for inter-observer reliability, and we reached an inter-observer concordance value of 0.95, a virtually perfect value (Landis and Koch, 1977).



Statistical Analysis

Descriptive (mean and standard deviation) and inferential tests were carried out using SPPS Statistics 18. We carried out the Kolmogorov–Smirnov test to analyze normality of data. The Mann–Whitney U-test with a Bonferroni post hoc (p < 0.01) was carried out to analyze variables with non-parametric distributions. Variables with parametric distributions were analyzed with Student’s t-distribution (p < 0.05).



RESULTS

Table 1 shows gendered timing characteristics across the different teams. In the case of women, work time and play time are constant in all teams. In the case of men, both decrease with age.


TABLE 1. Gendered timing characteristics.

[image: Table 1]The results showed significant gendered differences in effectiveness of serve (z = −3.540; p = 0.001) but no significant differences in errors (z = −0.762; p = 0.446) (Figures 1, 2). Therefore, in terms of serve we only found significant accuracy differences between U-18 and U-21 (z = −2.031; p = 0.042) and significant error differences between U-19 and U-22 (z = −2.986; p = 0.003), U-21 and U-22 (z = −2.315; p = 0.021).
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FIGURE 1. Effectiveness of serve in men.



[image: image]

FIGURE 2. Effectiveness of serve in women.


As for setting (Table 2), we observed a significantly higher use of the overhand pass in men (z = −19.768; p = 0.001) in relation to forearm pass (z = −13.722; p = 0.001) and also a significantly higher use the overhand pass was observed at U-18 and U-19 (z = −7.253; p = 0.001), U-18 and U-21 (z = −9.147; p = 0.001), U-18 and U-22 (z = −7.615; p = 0.001), U-19 and U-20 (z = −6.695; p = 0.001), U-19 and U-21 (z = −1.993; p = 0.046), U-20 and U-21 (z = −8.580; p = 0.001), and U-20 and U-22 (z = −7.0556; p = 0.001). In terms of the forearm pass, differences were observed between U-18 and U-19 (z = −6.227; p = 0.001), U-20 (z = −2.304; p = 0.021), U-21 (z = −8.708; p = 0.001), U-22 (z = −6.866; p = 0.001), U-19 and U-20 (z = −3.940; p = 0.001), U-19 and U-21 (z = −2.491; p = 0.013), U-20 and U-21 (z = −6.432; p = 0.001), and U-20 and U-22 (z = −4.494; p = 0.001).


TABLE 2. Distribution types of setting across age and gender.

[image: Table 2]Figure 3 shows gendered attack effectiveness, with no significant differences (z = −0.248; p = 0.804). In addition to this, we found accuracy differences in U-18 and U-20 (z = −2.146; p = 0.032), U-18 and U-21 (z = −2.464; p = 0.014), U-19 and U-20 (z = −2.378; p = 0.017), U-19 and U-21 (z = −2.307; p = 0.021), U-20 and U-21 (z = −4.725; p = 0.001), U-20 and U-22 (z = −2.785; p = 0.005). In terms of errors, we found differences between U-18 and U-21 (z = −2.307; p = 0.021), U-19 and U-20 (z = −2.024; p = 0.043), U-19 and U-21 (z = −2.095; p = 0.036), U-20 and U-21 (z = −4.133; p = 0.001), and U-20 and U-22 (z = −2.680; p = 0.007).
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FIGURE 3. Gendered attack effectiveness.


In the case of block, no significant gendered differences in accuracy were found (z = −0.881; p = 0.378) but a significantly higher number of errors were found in female players (z = −3.315; p = 0.001). Significantly higher accuracy was also found between U-21 and U-18 (z = −4.143; p = 0.001), U-19 (z = −3.218; p = 0.001), U-20 (z = −4.226; p = 0.001), and U-22 (z = −4.362; p = 0.001).



DISCUSSION

The aim of this study was to analyze gendered tactical and technical behavior across different ages in young, elite beach volleyball players. The findings show gendered and age variability and this should be taken into account in future training tasks.

Results show a constant work time and match time in women without differences between age. In men these values are not constant. They do not show differences with women but there is a decrease in time as the age is older. Studies such as Pérez-Turpin et al. (2009) show durations in rally, set, and match similar to those obtained in the older categories. This data can be related to the game dimensions (Giatsis et al., 2003) assigned to an individual space of play per player of 32 m. These data suggest that beach volleyball is a sport based on explosive actions of anaerobic alactic type.

The serve is a positive performance indicator of winning teams (Zetou et al., 2006; Medeiros et al., 2014, 2017). The results showed significant gendered differences in the effectiveness of the serve. This difference between men and women is a consequence of serve power values (Laios, 2008). Therefore, there are differences in accuracy and error between older teams in relation to the other teams. Koch and Tilp (2009) found that the different types of serve (jump serve, float serve, and jump float serve) do not show effectiveness differences in terms of the opposing team’s reception in elite female players. It is worth noting that the float serve is the most common technique used by women players (Tilp et al., 2006). In this case, no found differences in effectiveness of the different types of serve in women. In men, effectiveness decreases when players serve in motion and using more power. Thus, male players favor a float jump serve given that it causes difficulty for opponents through ball oscillation (Buscà et al., 2012; Medeiros et al., 2014). The results show that the jump serve is the one with the highest percentage of errors and produces the fewest aces, thus being in line with Laios (2008) in terms of errors but not in terms of aces. Koch and Tilp (2009) showed that the jump serve produced the most aces but with high levels of error. In the same line, Michalopoulou et al. (2005) found that the winning teams in the Greek league made fewer serve errors and prevented opponents from attacking in optimum conditions. Previous studies showed similar results (Palao and Ortega, 2015; Šimac et al., 2017). These data are in line with our results as they find differences according to players’ age. Experience seems to be an important factor for managing tough environments (fatigue, stress, losing, etc.).

Setting is one of the techniques that characterize successful players (Šimac et al., 2017). Results show differences between the use of forearm pass and overhand pass in women and men. Women use forearm pass more times than men. Results between age groups show a trend toward a greater use of forearm pass in younger age and overhand pass categories in the older ones. The available data show that the most frequent type of setting is a forearm pass. Similar tendencies have been found in other studies (Tilp et al., 2006; Medeiros et al., 2014). Tilp et al. (2006) and Koch and Tilp (2009) show that the overhand pass is more used by senior male players while the forearm pass is more frequent in senior women. The difference in the type of setting used is not the same as effectiveness, the overhand pass being more effective both in young players (González-Silva et al., 2019) and in male and female players (Tilp et al., 2006). This could be due to rule limitations and the environmental conditions inherent to beach volleyball.

Winning teams show higher efficiency in attack than losing teams (Michalopoulou et al., 2005; Afonso et al., 2012). Results show no differences between men and women, unlike Chinchilla-Mira et al. (2012) who found differences in effectiveness and attack area between men and women. Efficiency in attack varies across different ages, finding differences in effectiveness between the younger and older categories. Medeiros et al. (2017), compared U-19, U-21, and Senior players, and showed that losing teams made errors in attack (except for U-21). Furthermore, errors in attack define a higher difference in number of sets won (Giatsis and Zahariadis, 2008). Michalopoulou et al. (2005) found that the teams in the Greek league winning more points were those which made the fewer mistakes, were more effective in attack, and stopped opponents’ counterattacks, with no differences in attack organization. Giatsis and Tzetzis (2003) found that the difference between winning and losing teams was a high number of errors, though they depended on the type of attack used. Several factors can cause these differences, such as years of experience and styles of play (Papadimitriou et al., 2004; Gabbett and Georgie, 2007; Zapartidis et al., 2009; Sheppard et al., 2013). Furthermore, high-level players have the ability to execute different types of actions and display adaptable performance and self-organized behavior (Davids et al., 2013).

Good blocking is also a performance indicator in terms of winning or losing; winning teams achieved a higher number of points in this game action (Grgantov et al., 2005; Medeiros et al., 2014, 2017). Results show a greater number of errors in women’s blocks. Koch and Tilp (2009) classified blocks into fake blocks, which seem to be more appropriate in women’s competition, and blocks, more used by men and characterized by energetic activity at the net. In the same line, Laios (2008) also found that women significantly favor the use of fake blocks. Tilp et al. (2006) found similar results in terms of fake blocks due to a higher use of shots on the line, which are easier to defend in the court. Because of this, women may not be familiar with the use of blocks. Women show a higher number of errors when compared to men, as opposed to the results obtained by Laios (2008), who found no effective differences in blocks. Regarding age groups, the U-21 group presents differences in the effectiveness of blocks with the other groups. These results may be due to the experience of the players in game. The differences in terms of blocks might be related to a series of factors such as limited technical ability (Smith et al., 1992; Lobietti and Merni, 2006), bad reception (Michalopoulou et al., 2005; Koch and Tilp, 2009), jump height (Sheppard et al., 2009; Sterkowicz-Przybycien et al., 2014), and strategy (Schläppi-Lienhard and Hossner, 2015).



CONCLUSION

This paper provides reference values on temporal, technical, and tactical variables and efficacy in the different categories that can be used in training design. Temporal variables allow a better understanding of the duration of efforts in the different categories. Block, set, and serve variables show differences in gender and age. Although it is necessary to have a specific skill level in order to participate in the best international tournaments, some aspects can be studied and learned by players. This results can provide a chance of developing training programs to help the young national teams increasing the competitive level of international beach volleyball. We thus need more studies about players’ development in order to understand beach volleyball.
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Adapting competitions to young players’ characteristics is an important pillar in the optimal teaching–learning process. The objective of the present study is to analyze the effect of modifying net height (from 0.91 to 0.80 m) and court dimensions (from 23.77 × 8.23 m to 18 × 8.23 m) for under-10 (U-10) tennis players on the following: (a) kinds of technical and tactical basic, situational, and special strokes; (b) tennis players’ hitting area; (c) landing location of the serve; (d) ball landing location after the serve; (d) stroke effectiveness; and (e) rally length. The study design was quasi-experimental in nature, observing the fluctuation/change in technical–tactical variables of the tennis players when playing a “Tennis 10s Green Competition” (GC) with the current federative rules and a redesigned competition “Modified Competition” (MC) including altered net height and court dimensions based on small-sided games (SSGs) and equipment scaling. Twenty U-10 tennis players were studied (age of players = 9.46 ± 0.66 years, average weekly training in tennis = 2.90 ± 1.07 h, years of experience = 3.65 ± 1.53 years). The results showed that in MC, there was a greater technical–tactical variability compared with the GC in terms of the following: (a) greater service effectiveness; (b) more situational and special strokes; and (c) a more equitable change in the distribution of hitting and ball landing locations. The values of MC showed that the current adaptation rules and equipment in federated U-10 competitions might not be enough to improve the teaching–learning process under the comprehensive approach. The current competition for U-10 tennis players (stage green) should be redesigned, in order to build an optimal process of affordances to develop a multidimensional positive impact during this training stage.

Keywords: performance analysis, equipment scaling, young players, small-sided games, singles tennis


INTRODUCTION

Competition is a dynamic and complex formative environment if it is accurately conducted at early training stages because of its multidimensional effect on many factors (Schmidhofer et al., 2014; Bayer et al., 2017; Krause et al., 2019). In recent years, there has been an increasing amount of literature about the research topic in the following sports: (a) tennis (Bayer et al., 2017; Fitzpatrick et al., 2017; Limpens et al., 2018); (b) basketball (Ortega et al., 2015); (c) soccer (Casal et al., 2017; Ortega-Toro et al., 2018); (d) handball (García-Angulo et al., 2019); (e) cricket (Elliott et al., 2005; Harwood et al., 2018; Takamido et al., 2019); (f) rugby (Bennett et al., 2016; Morley et al., 2016; Elliott et al., 2019); (g) volleyball (Gillham and Gut, 2012); and (h) flag football (Burton et al., 2011a). Overall, these studies highlight that the need for adapting competition at early training does not provide an integral development of young athletes (Burton et al., 2011b; Ortega et al., 2015; Buszard et al., 2016; Gonçalves et al., 2016; McCarthy et al., 2016). This problem encourages science to seek methodological approaches that will aid coaches, federations, and sports institutions in designing competitions that will improve the teaching–learning processes of young players (Araujo et al., 2006; Davids et al., 2013b; McCarthy et al., 2016; Peráèek and Peráèková, 2018).

To develop competitions that improve the teaching–learning process at the training stages, current competitions are based on small-sided games (SSGs) from a comprehensive approach (Renshaw et al., 2010; Davids et al., 2012, 2013a). The goal of this comprehensive approach is to adapt the competition holistically to young players by modifying the rules of the game, rules of the league, sports equipment, and playing spaces (task constraints) (Buszard et al., 2016; McCarthy et al., 2016; Hastie et al., 2017; Oppici et al., 2017; Ortega-Toro et al., 2018).

One major issue in early tennis research concerned scaling of sport equipment (e.g., balls, rackets, and nets) and playing spaces (e.g., type of surface and court dimensions) to facilitate its practice, which was developed by Haake et al. (2003); Mehta and Pallis (2003), and Cooke and Davey (2005). On the basis of these studies, some associations and federations [e.g., United States Tennis Association’s Project 36/60, Tennis Australia’s MLC Tennis Hot Shots, and International Tennis Federation’s (ITF) Play and Stay Program] have understood the need to adapt the competition to the characteristics of developing players (International Tennis Federation [ITF], 2011, 2013). Perhaps, the greatest exponent is the Play and Stay Program, which established a competition system called “Tennis 10s” divided into three stages: Red (age = 5–8), Orange (age = 8–10), and Green (age = 9–10), scaling court dimensions, type of ball, and size of tennis rackets depending on player age (International Tennis Federation [ITF], 2011, 2013). Conversely, Ebert (2012) argued that the Green stage competition is not adapted to under-10 (U-10) tennis players’ characteristics and proposes a new stage called “Lime,” because of observed low success values in serving and little variability of tennis drills. However, a major problem was to modify both competitions by only focusing on players’ physical aspects (e.g., shorter racquets for shorter players) based on the opinion/experience of coaches, theoretical frameworks, and early studies (Larson and Guggenheimer, 2013; Buszard et al., 2014; Schmidhofer et al., 2014).

In this sense, few studies have objectively analyzed the actual impact of these scaled competitions in tennis (Schmidhofer et al., 2014; Bayer et al., 2017). The research has mostly focused the analyses on two factors: (a) reducing court dimensions and (b) decreasing net height to identify the leading constraints approach in the Green stage (Schmidhofer et al., 2014; Kachel et al., 2015; Buszard et al., 2016; Bayer et al., 2017). However, far too little attention has been paid to analyzing total technical–tactical actions to identify task constraints in competitions holistically (Torres-Luque et al., 2017). As a result, the U-10 tennis stage must be assessed to know if the competition creates affordances for improved optimal learning opportunity (Tan et al., 2012; Harvey and Jarrett, 2014; Gonçalves et al., 2016; Hastie et al., 2017).

The key research question that will be tested is whether Modified Competition (MC) adapting net and court dimensions is likely to generate a greater amount and variability of strokes than current Green Competition (GC). The aim of this study is to investigate the effect of MC by reducing net height (from 0.91 to 0.80 m) and court dimensions (from 23.77 × 8.23 m to 18.00 × 8.23 m), besides observing the differences with the current U-10 tennis players’ competition (GC) in the following technical–tactical aspects: (a) basic, situational, and special technical–tactical kinds of strokes; (b) players’ hitting area; (c) ball landing location of the serve; (d) ball landing location after the serve; (e) ball trajectory after the serve; (f) stroke effectiveness; and (g) rally length.



MATERIALS AND METHODS


Design

The study was a quasi-experimental cross-sectional pretest–posttest design (Ato et al., 2013). To analyze the technical–tactical parameters of both competitions, an observational, nomothetic, multidimensional, and continuous intra-sessional registration study was used (Anguera et al., 2011; Anguera and Hernández-Mendo, 2013). This study respected the ethical principles established by the United Nations Educational, Scientific and Cultural Organization (UNESCO) Declaration on Bioethics and Human Rights. The study was approved for development by the Ethics Committee of the University of Murcia (Spain) (ID 1925/2018). Following the Declaration of Helsinki, the players voluntarily participated in the study, and written informed consent was obtained from and signed by the parents/guardians of all participants for the development of this study.



Participants

Twenty tennis players (U-10) took part in the study. The sample selection was carried out through an intentional sampling method according to the criteria of accessibility and proximity (the specificity in the study design marked the non-randomized sample) (Otzen and Manterola, 2017). To control internal validity of the sample, the following actions were carried out: (a) a pretest–posttest design (reduction of biases to compare different sample groups); (b) similar samples’ characteristics (age of players = 9.46 ± 0.66 years; dominant hand = 20 right-handed; type of backhand = 20 two-handed backhand; average weekly training in tennis = 2.90 ± 1.07 h; years of experience = 3.65 ± 1.53 years; weight = 34.80 ± 6.59 kg; height = 136.00 ± 7.94 cm; abdominal perimeter = 64.44 ± 7.63 cm; VO2max (Course Navette) = 20.90 ± 4.57 ml kg–1 min–1; manual dynamometry = 14.84 ± 3.33 kg); and (c) a week gap between the pretest and posttest to eliminate bias due to the subjects’ maturation (Thomas and Nelson, 2007). The study sample was the strokes (n = 10.056) made by players in both competitions.

To maintain stability between GC and MC, both competitions met the following common features: (a) the same number of total matches (40 matches) were played in each competition; (b) four matches with a short-set format (one set to four games) with a tiebreak of 7 points (in case of a tie) were played by each player; (c) players were randomly assigned to a group of five players; (d) competitions were played with the round-robin system; (e) the average match duration was 23.60 ± 6.08 min; (f) the rest time between matches was at least the duration of a match plus 10 extra minutes (average rest between matches = 33.60 ± 6.03 min) to avoid fatigue (Limpens et al., 2018); and (g) the matches were played in the same order and schedule.

GC was played according to the ITF rules based on the Tennis 10s Green Competition System (International Tennis Federation [ITF], 2011, 2013) (Figure 1). MC was based on a combination of rules and equipment of the Tennis 10s competition system (net height and court dimensions of the Orange stage and balls of the Green stage), redesigning a new format of competition (Figure 1).
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FIGURE 1. Illustration of net height and court dimensions in both competitions (Tennis 10s Green Competition “GC” = green color and Modified Competition “MC” = blue color).




Instruments

The “Observational Instrument for the Technical–Tactical Actions in Singles Tennis” (Torres-Luque et al., 2018) was used according to the study’s objectives (Anguera et al., 2018a; Chacón-Moscoso et al., 2018).

The instrument was applied to evaluate the player’s stroke across three key criteria: context, result, and game. Three types of criteria were observed; however, the criterion “game” was selected to respond to the research problem. The “game” criterion is composed of five variables: kinds of technical and tactical strokes, ball landing location, player’s hitting area, stroke effectiveness, and rally length (Table 1). To provide useful data to coaches/educators, it was decided to merge some categories of the variable “kinds of technical and tactical stroke.” In this vein, it was decided to merge the categories “degree wide and body area of both sides in the serve” (deuce and advantage) following the recommendations of the Andalusian Tennis Federation’s training manual for young tennis players (Torres-Luque et al., 2010) and the results in Schmidhofer et al. (2014). The main reason was that players, during this formative stage, have a clear intention to serve into the “T” and wide areas, as shown by Schmidhofer et al. (2014). The second reason was the high probability of serving with intentionality of angle and bouncing in the body area, because of the sample’s characteristics and the service trajectory (cross-court) (Torres-Luque et al., 2010).


TABLE 1. Macro variables, micro variables, and initial category of the observational instrument (initial category) and their final transformation for this study (final category).
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Procedure

The matches were recorded using two cameras in the background (calibrated at a height of 2.40 m above ground and at a distance of 6.40 m from the baseline). The recordings were analyzed through systematic and direct observation using the “Kinovea-0.8.15” computer software on a double screen and a “perspective grid” tool to delimit the field format. The protocol of continuous recording of all technical–tactical behaviors was performed as recommended by Anguera et al. (2018b).



Data Quality Control

The collection of data was carried out by two observers possessing a degree in Sciences of Physical Activity and Sports with a specialization in “Racket Sports” and the federative title of “Tennis Coach Level II.” Observer training was conducted according to the training protocols designed previously in several investigations (Losada and Manolov, 2014; Gamonales et al., 2018). The observers performed the following training steps: (a) theoretical training by studying the use and terminology of the observational instrument; (b) practical training with the calculation of intraobserver reliability, recording 20% of behaviors in a match; (c) practical training with the calculation of interobserver reliability, recording 33% of behaviors in another match, with 1 week apart; and (d) calculation of interobserver and intraobserver reliability values, which were found to be in line with other investigations of performance analysis (Gómez et al., 2018; Sainz de Baranda et al., 2019; Torres-Luque et al., 2019) in tennis (Losada et al., 2015; Fitzpatrick et al., 2018). The calculation of intraobserver and interobserver reliability was carried out through the weighted kappa statistic for ball landing locations and player’s hitting areas recommended by Robinson and O’Donoghue (2007). However, Cohen’s kappa was used to analyze intraobserver and interobserver reliability in all other variables. The values of agreement by the two observers were “very good” in all variables (“Agreement of technical–tactical variables coded by independent observers”; see Supplementary Data Sheet 1). To know the values of intra- and inter-reliability, the following intervals were used: <0.20 poor, 0.21–0.40 fair, 0.41–0.60 moderate, 0.61–0.80 good, and 0.81–1.00 very good (Altman, 1991). The statistical program used was the statistical package IBM SPSS Statistics 23.0 (IBM Corp., Armonk, NY, United States).



Data Notation

Data recording was completed via manual notation into an Excel spreadsheet. Thus, all technical–tactical actions were registered sequentially, each row representing one shot and each column being a different variable of study. Subsequently, exploratory data analysis was done to perform the initial investigation, as well as to discover patterns and detect anomalies with summary statistics (Field, 2013). Finally, the number of technical–tactical actions (columns) performed by young tennis players per match was counted (rows) for further statistical analysis (analysis of variance).



Statistical Analysis

The statistical analysis was divided into three phases: (a) descriptive analysis; (b) analysis of variance; and (c) effect size analysis. In the first phase related to the descriptive analysis, the mean values, percentages, and standard deviation of each analyzed category were calculated. The second phase of analysis was based on an unconditional analysis model using Student’s t-test for paired samples, establishing statistical difference in p < 0.05 (Bono Cabre, 2012). The third phase was the calculation of the effect size according to the recommendations provided by the American Psychological Association (2010). The effect size was calculated through Cohen’s d (1988), considering the values as a small effect (d < 0.2), medium effect (0.2 ≤ d < 0.6), high effect (0.6 ≤ d < 1.2), and strong effect (d > 1.2). Interpretation of the effect size will be carried out from a twofold perspective: (a) extrapolation of effect size values to the sample and (b) magnitude of the differences found (Coe and Merino, 2003). From another perspective, confidence intervals (CIs) were calculated to contribute to the development of science for this study to be taken into account as a sample for a future meta-analysis (Cárdenas and Arancibia, 2014). The effect size and the analysis of variance were obtained through the spreadsheet jamovi 1.1.5 based on the graphical user interface R.



RESULTS

Results corresponding to the technical–tactical performance analysis in different variables can be observed in Tables 2–5 and Figures 2–5.


TABLE 2. Descriptive values (mean, standard deviation, and percentage) and analysis of variance (Student’s t-test for paired samples) of the “kinds of basic strokes” per match.
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FIGURE 2. Percentage and mean of the tennis players’ hitting area per match in both competitions (Tennis 10s Green Competition “GC” = green color and Modified Competition “MC” = blue color). BBR, behind the baseline in the right area; BBC, behind the baseline in the central area; BBL, behind the baseline in the left area; IBSR, inside the court behind the service line in the right area; IBSC, inside the court behind the service line in the central area; IBSL, inside the court behind the service line in the left area; BSNR, between the service line and the net right area; BSNC, between the service line and the net central area; BSNL, between the service line and the net left area; OSSD, out from the singles sideline on the deuce side; OSSA, out from the singles sideline on the advantage side.



Kinds of Technical and Tactical Stroke

The average, percentage, and standard deviation of the different kinds of strokes per match can be seen in Tables 2 (basic strokes) and 3 (special and situational strokes).


TABLE 3. Descriptive values (mean, standard deviation, and percentage) and analysis of variance (Student’s t-test for paired samples) of the “situational and special strokes” per match.

[image: Table 3]The values found in terms of the total basic strokes made in each competition show great similarity between both competitions (Table 2), not appreciating statistically significant differences between GC and MC [t = 1.570, df = 19, mean difference (MD) = 7.79]. However, the category “second serve” showed significant differences with approximately two more services per match being made in the GC with respect to the MC (t = −2.520, df = 19, MD = 1.708). Specifically, CM has a probability of getting between 69 and 73% of lower average values regarding GC (medium effect). There was a shortage of net strokes (smash, forehand, and backhand volleys) in both competitions, with percentage values that do not reach 1.00%. In another sense, there was a clear predominance of the use of forehand over backhand, doubling its value in both competitions.

However, the values of “special and situational strokes” collected (Table 3) indicated a change in the previous trend. Statistically significant differences were observed in the total of special and situational strokes (t = 3.590, df = 19, MD = 2.89) with a high effect size in favor of MC (approximately 79% of the average values are lower in GC). The category “passing and lob return” presented significant differences in favor of MC (passing return: t = 2.179, df = 19, MD = 0.05; lob return: t = 4.78, df = 19, MD = 0.549). The lob return obtains a probability of approximately 84%, with average values that are lower in GC (high effect). Continuing with the previous observation, three of the six categories corresponding to “special strokes” got statistically significant differences in support of MC (approach: t = 4.912, df = 19, MD = 0.785; passing: t = 2.646, df = 19, MD = 0.237; half volley: t = 4.794, df = 19, MD = 0.213). The GC shows a probability of obtaining lower mean values in (a) passing (69–73%, medium effect); (b) half volley (79–82%, high effect); and (c) approach (84–88%, high effect) (Table 3).

To obtain a visual perspective of the hitting areas where the players impacted the ball during the matches, Figure 2 shows in MC a higher percentage of hits being made behind the baseline (60.84%) than those being made in GC (51.78%), although no statistically significant differences were observed. MC evidenced better values in areas near the net (10.75%) compared with GC (4.95%) with statistically significant differences (p < 0.001, t = 4.057, df = 19, MD = 3.63). On the other hand, MC showed a lower percentage of hitting inside the court and behind the service line (25.18%) than that shown in GC (37.97%), with statistically significant differences (p < 0.05, t = 3.136, df = 19, MD = 9.122). Likewise, it can be seen that in MC, the percentage of hits in the right and left court areas (51.70%) is higher than that in GC (41.41%). Although in GC, the strokes from the center of the court (53.28%) surpass those in MC (49.29%), there were no statistically significant differences. In relation to effect size analysis, GC shows a probability of obtaining lower mean values with respect to MC in areas close to the net, approximately 82% of the sample (d = 0.907, high effect); in contrast, GC shows the highest average values of hitting behind the service line inside the court (76% of the sample, d = 0.700, high effect).



Landing Location of the Serve

In the analysis of the landing locations of the serve “in” (Figure 3) and “out” (Figure 4), it can be seen that 63.84% of serves, in MC, bounce “in,” while in GC, that number is 59.91% (p < 0.001, t = 20.907, df = 19, MD = 22.295). The percentage of serves “out” in MC is lower (36.40%) than that in GC (39.54%) (p < 0.001, t = 5.519, df = 19, MD = −6.758). The area of error serves was 5.90% in MC and 4.07% in GC.
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FIGURE 3. Percentage and mean of the landing locations of the serve “in” per match in both competitions (Tennis 10s Green Competition “GC” = green color and Modified Competition “MC” = blue color).



[image: image]

FIGURE 4. Percentage and mean per match of the landing locations of the serve “out” per match in both competitions (Tennis 10s Green Competition “GC” = green color and Modified Competition “MC” = blue color).


In relation to “landing locations” of the serve, three categories showed significant differences in favor of MC (“net error”: p = 0.026, t = 2.420, df = 19, MD = 1.67; “out of the center service line”: p = 0.045, t = −2.144, df = 19, MD = −0.245; and “out of the singles sidelines on the advantage side”: p ≤ 0.034, t = −2.280, df = 19, MD = −0.212). The effect size analysis provides probability for average values of GC to be lower in the following way: (a) 99.9% “bounce inside the service box” (d = 4.675, strong effect) and (b) 69% “out of the center service line” (d = 0.479, medium effect). In another sense, the likelihood of finding average values lower in MC than in GC is as follows: (a) 88% “bounce out of the service box” (d = 1.234, strong effect); (b) 69% “out of singles sidelines on the advantage side” (d = 0.510, medium effect); (c) 66% “bounce before the net” (d = 0.415, medium effect); (d) 66–69% “out of the service line” (d = 0.452, medium effect); and (e) 69–73% “net error” (d = 0.541, medium effect).



Ball Landing Location After the Serve

In the analysis of the ball landing locations after the serve (Figure 5), it can be observed that balls landing in the player’s hitting area (error) have not been included, but their values are 5.36% (GC) and 6.34% (MC). From a depth perspective, it can be seen that in MC, 48.71% of the bounces were produced between the service line and the net; however, in GC, this value was just 31.53% (p = 0.016, t = −2.632, df = 19, MD = 6.590). In MC (19.89%), there was a lower percentage of bounces behind the service line to the baseline with respect to GC (41.08%), with statistically significant differences (p < 0.001, t = 4.560, df = 19, MD = 9.472). In the study of the laterality in GC, higher values of ball bounce are seen in lateral areas (38.00%) with respect to MC (35.00%). In addition, the ball bounces 4.38% more in the right side than in the left side in GC; this difference is lower in MC (2.14%). Nevertheless, about ball landing in central areas, the percentage of both competitions reflects a difference of 1%. In particular, ball landing location after the serve shows statistically significant differences in three categories of MC (“out of the baseline”: p < 0.001, t = −3.963, df = 19, MD = −0.033; the “right area between the net and the service line”: p = 0.047, t = 2.128, df = 19, MD = 3.208; and the “left area between the net and the service line”: p = 0.008, t = 2.966, df = 19, MD = 1.720). In another sense, significant differences were observed in support of GC including the following categories: “inside the court behind the service line in the right area” (p < 0.001, t = −3.914, df = 19, MD = −3.116), “inside the court behind the service line in the central area” (p < 0.001, t = −4.427, df = 19, MD = −4.429), and “inside the court behind the service line in the left area” (p < 0.001, t = −4.421, df = 19, MD = −2.270).
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FIGURE 5. Percentage and mean per match of ball landing locations after the serve per match in both competitions (Tennis 10s Green Competition “GC” = green color and Modified Competition “MC” = blue color). IBSR, inside the court behind the service line in the right area; IBSC, inside the court behind the service line in the central area; IBSL, inside the court behind the service line in the right area; RBNS, the right area between the net and the service line; CBNS, the central area between the net and the service line; LBNS, the left area between the net and the service line; OSSD, out from the singles sideline on the deuce side; OSSA, out from the singles sideline on the advantage side.


Effect size indicated that the likelihood of finding lower average values in GC is higher than that in MC in the following categories: (a) 82–84% “left area between the service line and the net” (d = 0.959, high effect); (b) 79–82% “out of the baseline” (d = 0.886, high effect); (c) 66–69% the “right area between the net and the service line” (d = 0.475, medium effect); and (d) 79–82% the “central area between the net and the service line” (d = 0.875, high effect). However, mean values from MC are lower in comparison with GC: (a) 84% “inside the court behind service line in the central area” (d = 0.1.019, high effect); (b) 84% “inside the court behind service line in the left area” (d = 0.990, high effect); and (c) 82–84% “inside the court behind service line in the right area” (d = 0.959, high effect).



Stroke Effectiveness

The values presented in Table 4 highlight great similarities between both competitions. However, when observing the category “winner,” there are statistically significant differences to support GC (t = −0.879, df = 19, MD = −0.129), with a lower average value between 66 and 69% in MC (ES = medium effect). The category “error” was observed higher than 30% in both competitions.


TABLE 4. Descriptive values (mean, standard deviation, and percentage) and analysis of variance (Student’s t-test for paired samples) of the “stroke effectiveness” per match.
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Rally Length

The results shown in Table 5 maintain the line of equality between competitions in the variable “rally length.” Just category “1 stroke” showed significant differences in favor of GC (t = −2.485, df = 19, MD = −0.991). Average values in the category “1 stroke” (69–73%) per match are lower MC (medium effect).


TABLE 5. Descriptive values (mean, standard deviation, and percentage) and analysis of variance (Student’s t-test for paired samples) of the “length rally” per match.
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DISCUSSION

This study investigated the impact of decreasing net height and altering court dimensions on U-10 tennis players’ technical and tactical actions. The results show a high equality in terms of the amount and effectiveness of shots between MC and GC. MC shows greater variability and opportunity to practice different strokes and play-patterns, encouraging creative behavior through the experience of various situations.

The lack of learning opportunity and success were clearly observed when analyzing the serve in GC, particularly when comparing the number of the second serves between competitions (number of second serve is lower in MC). Some studies indicate that one of the most important constraint stroke in the teaching–learning process is the serve on the following formative stages: (a) Red stage (Fitzpatrick et al., 2017); and (b) Green stage (Schmidhofer et al., 2014; Timmerman et al., 2015; Bayer et al., 2017; Fitzpatrick et al., 2017; Limpens et al., 2018), Another finding in MC was that serves success improves when net height and court dimensions decreasing, these results match with other studies (Bayer et al., 2017; Limpens et al., 2018). In this line, the analysis of landing locations of serve in both competitions does not show significant differences, furthermore was observed no preferences between landing locations of serve. The tactical intentionality serving is reduced to starting the point, not being used as a technical–tactical action that facilitates winning the point for several reasons: (a) the maturational age of the players is a constraint in the teaching–learning process (Fitzpatrick et al., 2017); (b) lack of SSG experience encourages players to repeat their serve patterns instead of testing new possibilities (Hizan et al., 2015); and (c) the coaches focus their attention mainly on improving ground strokes, spending less time designing tasks to develop the serve. Coaches and federation should address the scarce intentionality/variability in serve directionality at these ages for redesigning competitions and tasks to facilitate serve improvement, as it is an indicator of performance in formative and adult stage (Martin et al., 2018; Fortes et al., 2019). Therefore, net and the court dimensions adaptation seem to facilitate the serves success. In addition, MC gets more errors out of the serviceline; the lack of experience in reduced court enables this result. Meanwhile, in GC, the main error in the serve is the impact of the ball against the net, which is the first obstacle to start the point. These values affirm three needs: (a) modifying the net and the court dimensions to develop children’s tennis to be as similar as possible to that of adults (Torres-Luque et al., 2011; Schmidhofer et al., 2014); (b) adapting the system of competition to the needs and preferences of young tennis players (Ortega et al., 2017; Ortega-Toro et al., 2018); and (c) carrying out longitudinal studies for players to gain experience in SSGs to observe the real impact in play patterns (McCarthy et al., 2016).

In the analysis of the ground strokes in GC and MC, there were more forehand strokes executed than backhand; however, other researchers found that reducing court dimensions promoted the use of backhand (Farrow and Reid, 2010; Fitzpatrick et al., 2017). A possible explanation for these results may be the lack of security when young tennis players hit the ball on the non-dominant side (Reid et al., 2016), which does not allow observing of the real impact of the MC on the use of backhand strokes.

The lack of technical–tactical actions close to the net (volleys and smash) in both competitions is noteworthy, which shows a lack of training using these technical–tactical resources. However, there are studies with the best children’s tennis players in which no volleys were observed in MC than in GC, because of the reduction of net height and court dimensions (Timmerman et al., 2015; Bayer et al., 2017; Fitzpatrick et al., 2017). The main explanations in this study for the technical–tactical actions scarcity near the net could be the lack of experience, lack of training, or even insecurity in volleys, although there was a greater opportunity to hit the ball in areas close to the net in MC (Figure 2).

The shots related to creativity and variability behaviors (situational and special strokes) appear more often in MC. MC seems to encourage the concept of affordance with problem solving through creativity and the theory of “repetition without repetition” that is promoted in the educational context (Hastie et al., 2017; Farias et al., 2019) and in other sports (Torrens et al., 2015). These results should be interpreted with caution because the total percentage of situational and special strokes is not very high (10.45%). It is important to say that intervention time was not enough to develop more creative behaviors, alternative patterns of play, and different types of shots in MC (Timmerman et al., 2015; McCarthy et al., 2016).

By analyzing the fluctuation in “player’s hitting area,” MC shows a greater number of shots close to the net in more offensive areas (inside the service box), improving offensive skills, as advised in several comprehensive methodologies (Burton et al., 2011b; McCarthy et al., 2016; Correia et al., 2019). The distance reduction between the baseline and the net can explain this behavior besides the reduction in net height (Timmerman et al., 2015; Limpens et al., 2018). Another result shows that the predisposition of playing inside the court can be because the court size is too large, not adapting to the children’s characteristics in GC, as shown by Bayer et al. (2017) and Ebert (2012).

When the “landing locations after the serve” were analyzed, it is observed that most bounces are produced between the net and the service line (right and left area) in MC, while in GC as well as in similar studies, most bounces are produced in depth (Timmerman et al., 2015). Regarding the previous idea, this could have a twofold cause. The first could be that in MC, the player plays opening angles not exaggerating topspin, finding patterns of play similar to the adult stage (Bayer et al., 2017; Limpens et al., 2018). Meanwhile, in GC, the player seeks to overwhelm opponents by keeping them away from the baseline with a high bounce to “overcome the net, taking advantage of the court,” so that the adversaries do not hit below the shoulder easily (Farrow and Reid, 2010; Kachel et al., 2015; Timmerman et al., 2015; Fitzpatrick et al., 2017; Limpens et al., 2018). The second proposed cause is the reduction of the court dimensions; this increases the likelihood that the bounce occurs in the service box in MC, while in GC, there is more space between the service line and the baseline. Finally, the increase of the error “out of the baseline” in the MC can be explained because normally the players hit the ball as hard as they do in the regular competition (Green stage).

One factor with a high impact on technical–tactical actions is the “stroke effectiveness” because of its influence on performance and the decision-making process (Farias et al., 2019). In the present study, there can be seen a great equality in the stroke effectiveness between competitions. In contrast, the only category that shows remarkable values in GC compared with MC is the action of winning a point directly (winner). However, previous studies showed that the SSGs improve the accomplishment of winner strokes because of the predisposition to attack (Timmerman et al., 2015; Torres-Luque et al., 2017). Despite this disagreement, both competitions show values far from those found in professional tennis players (Martínez-Gallego et al., 2013). A possible account for this equality in stroke effectiveness can be explained by the lack of previous experiences in MC; future longitudinal studies should check its real impact (McCarthy et al., 2016).

The trend in formative stages is to improve the duration of ball exchange (rally length) to generate learning opportunities in relation to quantity (Farrow and Reid, 2010; Larson and Guggenheimer, 2013; Fitzpatrick et al., 2017). However, the study conducted by Schmidhofer et al. (2014) concluded that an increase in the rally length supported defensive play. Therefore, MC maintains similar rally length values to GC, also improving variability by using more situational and special strokes.

The results suggest that reducing the height of the net and the size of the court in competition creates affordances to optimize teaching–learning processes in U-10 tennis players. This adaptation especially affects the following factors in the teaching–learning processes: (a) improving success in serving; (b) promoting more opportunities to hit the ball in offensive areas (near the net); and (c) enhancing the concept of “repetition without repetition” through more fair distribution of hitting and ball landing locations; and (d) using more situational and special strokes increasing shots’ variability and technical–tactical creative aspects. The main contaminating factor in this study may be the lack of experience of the players in SSGs.



CONCLUSION

Net height and court dimension decrease generate a different playing pattern that in GC promotes learning opportunity dependent on quantity and variability of practice. Regarding technical–tactical behavior, MC seems to develop creative strokes and the directionality of the ball in the rally without diminishing other behaviors. In a global sense, GC must be studied extensively, as it is too advanced a stage to meet the needs and preferences of young players (Farrow and Reid, 2010; Schmidhofer et al., 2014; Bayer et al., 2017). Further research might explore which technical–tactical ratios would be ideal at the formative stages for an integral development, whether the competition should create a technical–tactical pattern similar to that used by Association of Tennis Professionals (ATP)/Women’s Tennis Association (WTA) players (Torres-Luque et al., 2011; Schmidhofer et al., 2014; Timmerman et al., 2015), or the development of specific technical–tactical ratios for young tennis players (Timmerman et al., 2015; Gonçalves et al., 2016). Finally, longitudinal studies with different samples’ characteristics playing in different competition formats are required to discover more scientific evidence in this topic (Gonçalves et al., 2016; Fitzpatrick et al., 2018).



PRACTICAL APPLICATIONS

This research can help to adapt children’s tennis in the following aspects: (a) redesigning sports equipment with greater functionality to meet the need of different formative stages; (b) designing a new competition step between Orange and Green stages; and (c) creating new competition formats in which U-10 tennis players can participate the same day in different match formats. The competition format “Lime” by Ebert (2012), which entails a competition involving court dimensions between the Orange and Green stages, seems the most appropriate option for U-10 elite players; nevertheless, its effect on different samples should be studied. To conclude, the most interesting option under a comprehensive approach to promote learning opportunity would be to create a competition with different match formats (e.g., a Lime court with a net height of 0.75 m, an Orange court with a net height of 0.85 m, and so on) in which the children play at least two or three matches in different competition formats (Chow et al., 2006; Araújo et al., 2015; Ortega and Giménez, 2016; Hastie et al., 2017).
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Attacking tactical variables have been commonly studied in soccer to analyze teams’ performance. However, few studies investigated defensive tactical variables during match-play and the influence of contextual variables on them. The aims of the present study were (1) to examine the defensive behaviors of soccer teams when gaining the ball in advanced zones of the pitch and (2) to evaluate the effect of contextual variables on these defensive behaviors. A sample of 1,095 defensive pieces of play initiated in the opposing half of the pitch obtained from 10 matches of the season 2010/11 of La Liga and involving 13 teams was collected using the semiautomated tracking system Amisco Pro. Five defensive tactical variables, the outcome of defensive pieces of play, and contextual variables (i.e., match status, venue, quality of opposition, and match period) were recorded for every defensive piece initiated in the opposing half of the pitch. Results showed that there were significant differences among teams in the outcome of defensive pieces of play originating from the opposing half (χ2 = 111.87, p < 0.01, φc = 0.22), and in the outcome of offensive pieces of play following ball gains (χ2 = 49.92, p < 0.001, φc = 0.22). Cluster analysis revealed four groups describing different defensive behaviors from high-pressure to a defense close to their own goal. Match status (χ2 = 25.87, p < 0.05, φc = 0.11) and quality of opposition (χ2 = 21.19, p < 0.05, φc = 0.10) were the contextual variables that showed a significant effect on defensive pieces of play initiated in the opposite half of the pitch. Teams winning gained more balls in the zone close to their own goal, and losing teams gained more balls in advanced zones of the pitch. Moreover, the greater the quality of the opponent the lesser the chance of gaining the ball in advanced zones of the pitch. Neither venue or match period influenced the defensive pieces of play analyzed. Soccer teams could employ a similar analysis to improve their performance and prepare for opposition teams in competition.

Keywords: performance analysis, La Liga, association football, defending tactics, match analysis, elite soccer


INTRODUCTION

The analysis of tactical behaviors in soccer is an important aspect in elite level and is increasing its attention in research (Sarmento et al., 2014; Rein and Memmert, 2016). Recent studies explored the use of current approaches to evaluate tactical behaviors in soccer (Low et al., 2019). This research examined collective tactical behaviors from positional data and suggested that future studies should focus on contextualizing these positional data and bridging the gap between science and practice by incorporating the needs of the coaching staff. In the same way, Memmert et al. (2017) showed that positional data was useful to develop collective performance indicators in order to understand the dynamics of a soccer match. This study also highlighted that these new approaches can be helpful in sport practice and could help coaches and other practitioners to modify their training methods. In addition, these studies suggested that future studies should explore in more detail the collective attacking and defensive actions in soccer.

Previous research in soccer performance analysis has evolved from a traditional approach with the use of video data to a novel approach using positional data. Memmert and Raabe (2018) determined four different stages that describe the evolution of match analysis; being 1.0 and 2.0 based on video data and considering quantitative assessment and qualitative assessment respectively, and match analysis 3.0 and 4.0 based on positional data with the former considering physiological and technical assessments and the latter considering dynamic tactical assessments. This evolution has been possible mainly, because of the progress of computer science and technology (Perl et al., 2013; Memmert et al., 2017). Hence, research conducted prior to the 4.0 stage exploring the tactical aspects of soccer has focused on the evaluation of performance indicators (REF), such as passes (Hughes and Franks, 2005; Redwood-Brown, 2008), crosses (Lago-Ballesteros and Lago-Peñas, 2010; Pulling et al., 2018), or shots (Ensum et al., 2005). In contrast, modern match analysis approaches use positional data to analyze tactical behavior and dynamics through novel metrics. For instance, passing effectiveness or space control (Rein et al., 2017).

Although there are many studies focusing on attacking behaviors in soccer, some research has also evaluated defensive aspects. For example, Filho et al. (2013) evaluated the defensive behavior of Brazilian and Italian soccer national teams by measuring goals scored, goals conceded, and points per game. Vogelbein et al. (2014) evaluated the time that soccer teams in Bundesliga employ to regain ball possession. This study showed that recovering ball possession quickly after losing the ball was associated with a successful defensive performance. In addition, a previous study examined the recovery patterns of teams playing the 2010 FIFA World Cup (Barreira et al., 2014). This study measured the type of ball recovery (e.g., intervention, tackle, goalkeeper save) and the zones where the ball was regained to assess the subsequent success of attacking play. The results showed that a direct recovery of ball possession in mid-defensive central zones increases the latter attacking efficacy. In the same way, Almeida et al. (2014) measured the type and zone of ball recovery to examine the effect of contextual variables on regaining possession in UEFA Champions League teams. Home and losing teams used to defend in more advanced zones of the pitch and strong teams were more effective when applying defensive pressure in more advanced zones. Moreover, recent research has also used a dynamical systems approach to evaluate unstable game states during a soccer match, integrating defensive actions with the attacking ones; and suggesting that teams handle unstable situations differently (Kim et al., 2019a, b).

In addition to tactical variables, recent research highlighted the importance of styles of play for analyzing soccer performance (Tenga and Larsen, 2003). Styles of play are characteristics playing patterns demonstrated by a team during games (Hewitt et al., 2016), and are useful to describe the general tactical behavior of the team in competition. Previous studies identified different styles of play in the Spanish and English leagues (Fernandez-Navarro et al., 2016; Gollan et al., 2018; Castellano and Pic, 2019), Chinese league (Lago-Peñas et al., 2017), and Greek league (Gomez et al., 2018). These studies showed a majority of attacking styles of play, such as; possession, direct, counterattack, or crossing. On the other hand, some defensive styles of play were identified according to the zone of the pitch where the ball was regained. High pressure, low pressure, pressure on wide areas, and pressure on central areas were the defensive styles of play identified (Fernandez-Navarro et al., 2016). Kempe et al. (2014) showed that successful teams prefer possession play, and similarly, Yi et al. (2019) showed that teams using possession play scored higher for the variables related to goal scoring, attacking and passing. However, according to other studies that explored further the characteristics of the possession style of play, by analyzing the factors that explain the self-organization in possession team play (Chassy, 2013), and examining the success of this possession play (Collet, 2013); the former study showed that possession itself did not predict shooting opportunities, and in the same way, the later demonstrated that possession was a poor predictor of performance when controlling for team quality and home advantage.

However, although measuring styles of play in soccer shows useful information about overall team strategies, the study of specific tactics by teams would provide more detailed insight into their tactical behavior. Gaining the ball in advanced zones of the pitch is a behavior that has been considered in research to evaluate the tactical performance of soccer teams (Almeida et al., 2014), and is also an important aspect for coaches and practitioners. For example, Gomez et al. (2012) measured, among other attacking variables, ball recovers in each zone of the pitch to examine the effects of location and final outcome on them. Their results did not show any effect of those contextual variables on ball recovers in advanced zones but showed effects in other zones of the pitch. Nevertheless, a recent study measured the ball recovery location and the position of the defensive line to examine the effect of match conditions on defensive positioning (Santos et al., 2017). This study demonstrated that ball recovery location increased when the team was losing and the position of the defensive line decreased when playing away and facing strong opposition. This previous research showed the importance of considering the zones of the pitch when evaluating tactical defensive performance, although more variables to describe the gaining of the ball in advanced zones of the pitch should be evaluated to analyze these tactics. Consequently, using other defensive variables such as the distance of defending players to opposition, duration of the defensive actions, or the distance of the last outfield player to the goal line could be useful to describe defensive behavior and the tactic of gaining the ball in advanced zones of the pitch. Therefore, the aims of the present study were twofold: (1) to examine the defensive behaviors of soccer teams when gaining the ball in advanced zones of the pitch analyzing differences between them, and (2) to evaluate the effect of contextual variables on these defensive behaviors.



MATERIALS AND METHODS


Match Sample

The sample was constituted by 1,095 defensive pieces of play initiated in the opposing half of the pitch obtained from 10 matches of the season 2010/11 of the Spanish La Liga (first division of the Spanish soccer league). The two competing teams of each match were analyzed, being a total of 13 teams in the sample. Three teams played at home twice and another one three times, whereas one team played away twice. The remaining eight teams only were analyzed once. From the 1,095 events, 1,062 were played in 11 against 11 conditions and the remaining 33 events were played with 11 players against 10. The final score of the games was two games ending 1-0, two ending 2-1, one ending 3-2, one ending 3-1, one ending 5-0, two ending 1-1, and one ending 1-2.

A defensive piece of play initiated in the opposing half was used as the basic unit of analysis. A defensive piece of play initiated in the opposing half starts when the attacking team initiates a possession of the ball in his own half of the pitch. To determine when the attacking team starts possession of the ball the next definition of Garganta (1997) was used. A team has possession of the ball when one of the next conditions is fulfilled:


•A player makes at least three consecutive touches to the ball.

•A pass is made.



A defensive piece of play initiated in the opposing half ends when defending teams gained possession of the ball after any of the above conditions occurs, as well as when:


•The attacking team delivers the ball out of the pitch.

•Any player of the attacking team is caught in offside position.

•Any player of the attacking team commits a foul whilst his team is in possession of the ball.

•A player of the attacking team makes a pass to a teammate who receives the ball behind the offside line and plays forward ending this piece of play in a shot or an entry into the defending team’s penalty area.



Variables used for this study are summarized in Table 1.


TABLE 1. Definitions of variables measured.
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Data Collection Procedure

Sampled matches were registered using the semiautomatic tracking system Amisco Pro®. This match analysis system tracks the movements of the ball and every player during the whole match and creates a two-dimensional animated reconstruction of player movements that allow the analysis of teams and players. Information for every single match is stored on a DVD for post-game analysis, and a specific piece of software (Amisco Viewer) is used for data extraction (see Figure 1). The details of the Amisco Pro® (Carling et al., 2008) and the accuracy and reliability of this system have been described elsewhere (Zubillaga, 2006; Randers et al., 2010).


[image: image]

FIGURE 1. Animation Mode of the Amisco Pro® system.


Written permission from Amisco was obtained before the data collection. Ethics approval for all experimental procedures was granted by the Human Research Ethics Committee of the University of Granada. Two observers carried out the data collection. Prior to intra- and inter-observer reliability tests, the analysts underwent several sessions of analysis training in order to be familiar with the analysis system and its procedure. Subsequently, observers coded the same match to conduct the intra- and inter-observer reliability tests. Occurrence agreement (Gast, 2010) for defensive pieces of play initiated in the opposing half was 92%. Outcome of Defensive Pieces of Play was the only categorical variable and the kappa values obtained to assure the intra-observer reliability of the observation process were 0.90 and 0.91 for observer 1 and observer 2 respectively; and 0.79 for inter-observer reliability. These kappa values showed a ‘very good’ strength of agreement at the intra-observer level; and a ‘good’ strength of agreement at the inter-observer level (Altman, 1991). To assess the reliability of the continuous variables Distance from Least Advanced Outfield Defender to his Goal Line, Distance between the Player in Possession of the Ball to the Nearest Defender, Pass Length, Pass Number, and Duration; intra-class correlation (ICC), Pearson’s r, and Typical error of measurement (TEM) were calculated for each variable following the procedure according to Hopkins (2000, 2015) (Table 2).


TABLE 2. Reliability of continuous tactical variables.
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Statistical Analysis

Firstly, cross-tabulations were conducted between the categorical variables ‘team analyzed,’ ‘outcome of defensive pieces of play originating from the opposing half,’ and ‘outcome of offensive pieces of play following ball gains’ using Chi-square (χ2) tests and Cramer’s V statistic, in order to analyze the behavior of teams when gaining the ball in advanced zones of the pitch. To assess the effect of the contextual variables (i.e., match status, venue, quality of opposition, and match period) on gaining the ball in advanced zones of the pitch, additional cross-tabulations were conducted between each contextual variable and the variable ‘outcome of defensive pieces of play originating from the opposing half.’ A Cramer’s V effect size of φc = 0.1 was considered a small effect size; an effect size of φc = 0.3 was considered a medium effect size, while φc = 0.5 was considered a large effect size (Cohen, 1988). In addition, adjusted residuals were calculated to check relevant values from significant Chi-square tests (Field, 2017). Secondly, normality of the quantitative variables ‘distance from the least advanced outfield defender to his goal line when defending teams gained the ball,’ ‘duration of defensive pieces of play,’ ‘distance between the player in possession of the ball to the nearest defender,’ ‘length of the last pass that attacking teams made when conceded possession of the ball to defending teams,’ and ‘number of passes made before defending teams gained the ball’ was checked through visual exploration and Kolmogorov–Smirnoff tests. Although normality distribution could not be established for these variables, the assumption of normality was considered according to the Central Limit Theorem in such a large sample (n ≥ 30) (Field, 2017). Afterward, five one way-ANOVA tests were used with the five continuous variables mentioned previously as dependent variables, and the variable ‘team’ as the factor to examine the defensive behaviors of teams. Violations of homogeneity of variances were noted in the tests for the duration of defensive pieces of play, distance between the player in possession of the ball to the nearest defender and number of passes made before defending teams gained the ball. The Welch test was conducted for correction for unequal variances. Eta squared (η2) values are provided as a measure of effect size. An eta-squared effect size of η2 = 0.01 was considered a small effect size; an effect size of η2 = 0.06 was considered a medium effect size, while η2 = 0.14 was considered a large effect size (Cohen, 1988). Games-Howell post hoc were used to look at comparisons when interaction effects were found in those tests. For the variables with homogeneity of variances, LSD post hoc were used.

Thirdly, a two-step cluster analysis using log-likelihood as the distance measure and Akaike’s Information Criterion (AIC) as the clustering criterion (Burnham and Anderson, 2004) was conducted to group defensive variables on clusters that describe a general defensive behavior of teams when defending in the opposite half of the pitch, and to define match context where these defensive sequences occur. Defensive variables were considered as inputs and contextual variables were considered as evaluation fields in the model. Predictor importance showed the relative importance of each variable for estimating the model.

All the analyses were carried out with IBM SPSS Statistics for Windows, version 26 (IBM, Corp., Armonk, NY, United States). The alpha level for significance for all analyses was set at p < 0.05.



RESULTS

The relationship between team analyzed and outcome of defensive pieces of play originating from the opposing half was significant χ2(72, N = 1095) = 111.87, p < 0.01. The effect size was small to medium (Cramer’s V = 0.22). Adjusted residuals showed significant differences between teams in the zones where they gained the ball (Table 3). Firstly, Barcelona was the team that showed a higher likelihood of gaining possession of the ball in advanced zones of the pitch than the average. They gained seven more balls than the average in zone 5. Villareal showed a higher likelihood of gaining possession in zone 4; however they also showed a lower likelihood of gaining possession in zone 5. Secondly, there were 2 teams that were more likely to regain possession of the ball in zone 1, Bilbao and Levante, 7.9 and 9.3 more balls than the average respectively. Finally, Barcelona, Bilbao and Zaragoza were the teams that were less likely to receive a dangerous situation. On the other hand, Valencia and Hercules were the ones with a higher likelihood of receiving a dangerous situation. The relationship between team analyzed and outcome of offensive pieces of play following ball gains was significant χ2(12, N = 1030) = 49.92, p < 0.001. The effect size was small to medium (Cramer’s V = 0.22). Valencia and Hercules were the teams that created more dangerous situations than the average; and Bilbao, Osasuna, and Mallorca the teams that conceded possession to the opposite team more times than average (Table 4).


TABLE 3. Cross-tabulation of outcome of defensive pieces of play (ODPP) and teams analyzed.
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TABLE 4. Cross-tabulation of offensive outcome of pieces of play following ball gains (OOPPFBG) and teams analyzed.

[image: Table 4]The results for contextual variables showed that the relationship between outcome of defensive pieces of play originating from the opposing half and match status (winning, drawing or losing) was significant: χ2(12, N = 1095) = 25.87, p < 0.05. The effect size was small to medium (Cramer’s V = 0.11). Results showed that teams gained the ball significantly more times in zone 1 when winning; and when they were losing, gained the ball significantly fewer times in zones 1 and 2, and more times in zone 5 (Table 5). The relationship between outcome of defensive pieces of play originating from the opposing half and venue (playing at home or away) was not significant: χ2(6, N = 1095) = 5.95, p > 0.05. The relationship between outcome of defensive pieces of play originating from the opposing half and quality of opposition was significant: χ2(12, N = 1095) = 21.19, p < 0.05. The effect size was small (Cramer’s V = 0.10). Teams gained the ball significantly more times in zone 2 and fewer times in zones 3 and 4 when playing against strong opposition, and significantly gained the ball fewer times in zone 2 and more times in zone 3 when playing a weak opposition (Table 6). The relationship between outcome of defensive pieces of play originating from the opposing half and match period was not significant: χ2(30, N = 1095) = 38.53, p > 0.05.


TABLE 5. Cross-tabulation of outcome of defensive pieces of play (ODPP) and match status.
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TABLE 6. Cross-tabulation of outcome of defensive pieces of play (ODPP) and quality of opposition.

[image: Table 6]There were significant differences among teams in the distance from the least advanced outfield defender to his goal line, F(12,1082) = 5.31, p < 0.001, η2 = 0.06 (Tables 7, 8); in duration of defensive pieces of play initiated in the opposing half of the pitch, F(12,1082) = 4.22, p < 0.001, η2 = 0.05 (Tables 7, 9); in distance between the player in possession of the ball to the nearest defender in defensive pieces of play initiated in the opposing half of the pitch, F(12,1081) = 2.68, p < 0.005, η2 = 0.03 (Tables 7, 10); and in number of passes made by attacking teams before defending teams gained the ball in defensive pieces of play initiated in the opposing half of the pitch, F(12,1082) = 3.50, p < 0.001, η2 = 0.04 (Tables 7, 11). On the other hand, there were no significant differences among teams in length of the pass that attacking teams made when conceded possession of the ball to defending teams in defensive pieces of play initiated in the opposing half of the pitch, F(12,1078) = 0.76, p > 0.05, η2 = 0.01 (Table 7). Cluster analysis revealed four groups according to the defensive variables (i.e., distance from least advanced outfield defender to his goal line, distance between the player in possession of the ball to the nearest defender, pass length, pass number and duration) and the contextual variables (i.e., match status, venue, quality of opposition, and match period). Clusters 1, 2, 3, and 4 comprised the 7.9, 22.3, 29.4, and 40.5% of the sample size respectively. The AIC value of the cluster analysis modeling the four clusters was 2,072.32. The relative distribution of variables for each cluster and their respective Predictor Importance (PI) is shown in Figure 2. The cluster analysis showed the following PI values for defensive variables in descendant order; duration (PI = 1), pass number (PI = 0.88), distance from least advanced outfield defender to his goal line (PI = 0.65), pass length (PI = 0.59), distance between the player in possession of the ball to the nearest defender (PI = 0.25). In addition, it also showed that PI attributed to contextual variables was very low; quality of opposition (PI = 0.02) match status (PI = 0.01), venue (PI < 0.01), match period (PI < 0.01). Figure 3 presents the percentage of defensive pieces of play associated with each cluster used by teams.


TABLE 7. Means and standard deviations of tactical variables displayed by teams in defensive pieces of play initiated in the opposing half of the pitch.
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TABLE 8. LSD multiple comparisons for distance from the least advanced outfield defender to his goal line (DLAODGL) in defensive pieces of play initiated in the opposing half across the 13 teams analyzed.
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TABLE 9. Games-Howell multiple comparisons for duration (D) in defensive pieces of play initiated in the opposing half across the 13 teams analyzed.
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TABLE 10. Games-Howell multiple comparisons for distance between the player in possession of the ball to the nearest defender (DPPBND) in defensive pieces of play initiated in the opposing half across the 13 teams analyzed.
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TABLE 11. Games-Howell multiple comparisons for number of passes made before defending teams gained the ball (PN) in defensive pieces of play initiated in the opposing half across the 13 teams analyzed.

[image: Table 11]
[image: image]

FIGURE 2. Relative distributions of variables for each cluster. DLAODGL, distance from least advanced outfield defender to his goal line; DPPBND, distance between the player in possession of the ball to the nearest defender; PL, pass length; PN, pass number; D, duration; MS, match status; V, venue; QO, quality of opposition; MP, match period.
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FIGURE 3. Percentage of defensive pieces of play for each cluster used by teams. Cluster 1, defense close to the own goal; Cluster 2, mid-positioning defense on the pitch using a less intense pressure to attacking players; Cluster 3, mid-positioning defense on the pitch using a more intense pressure to attacking players; Cluster 4, high-pressure defense in advanced zones of the pitch.




DISCUSSION

The aims of this study were (1) to examine the defensive behaviors of soccer teams when gaining the ball in advanced zones of the pitch analyzing differences between them, and (2) to evaluate the effect of contextual variables on these defensive behaviors. Differences between teams of defensive behaviors during defensive pieces of play initiated in the opposite half of the pitch were revealed by the cross-tabulations and cluster analysis. In addition, two of the contextual variables analyzed, match status and quality of opposition seemed to influence the defensive behavior of soccer teams.

The findings of the present study demonstrated that teams employed different defensive behaviors in defensive pieces of play initiated in the opposing half of the pitch. According to the defensive variables represented in clusters, we could consider that cluster 1 represented a defense close to the own goal (high ‘duration’ and ‘number of passes,’ and low ‘distance from least advanced outfield defender to his goal line’); cluster 2 represented a mid-positioning defense on the pitch and providing a less intense pressure to attacking players (high ‘pass length’ and ‘distance between the player in possession of the ball to the nearest defender,’ and a middle ‘duration,’ ‘number of passes’ and ‘distance from least advanced outfield defender to his goal line’); cluster 3 represented similarly a mid-positioning defense whereas using a more intense pressure (middle ‘duration,’ ‘number of passes’ and ‘distance from least advanced outfield defender to his goal line,’ and low ‘pass length’ and ‘distance between the player in possession of the ball to the nearest defender’); and cluster 4 represented a high-pressure defense (high ‘distance from least advanced outfield defender to his goal line,’ and low ‘duration,’ ‘number of passes,’ ‘pass length,’ and ‘distance between the player in possession of the ball to the nearest defender’). Teams differed between each other in the defensive variables measured and the results provided a more detailed analysis of defensive behaviors in comparison with studies that only measured ball regains to define defensive team tactics. For example, our results showed that Barcelona was the team that gained the ball in advanced zones of the pitch significantly more times in comparison to other teams, therefore demonstrating their preference for using high pressure. These findings are in line with previous research that reported these tactics for Barcelona using network metrics (Buldu et al., 2019). In addition, general defensive behaviors used by teams based on the defensive variables analyzed could be considered defensive styles of play in line with previous research (Fernandez-Navarro et al., 2016), as this concept comprises the connection of several variables to describe a general behavior. The differences between teams suggest that they were specialized in the use of concrete defensive tactics, possibly due to the characteristics of their players (Clemente et al., 2013); or that teams changed their defensive behavior according to the contextual variables in soccer match-play (Fernandez-Navarro et al., 2018).

The importance of match status when analyzing soccer data have been highlighted in other research (Lupo and Tessitore, 2016). The results of this study showed, in line with previous findings (Almeida et al., 2014), that match status had an effect on the outcome of defensive pieces of play. When teams were winning, they gained more balls in the zone close to their own goal, suggesting that teams tended to use a low-pressure defense to maintain the scoreline. In the same way, several studies (Vogelbein et al., 2014; Fernandez-Navarro et al., 2018) reported the same behavior in these conditions during the game. Consequently, a possible reason for this would be the preference of the teams to defend close to their own goal to maintain their winning status and use direct or counterattack actions after gaining the ball afterward. This combination of low-pressure defense and direct/counterattacking play seems to be a reasonable tactic as players would be best positioned in defense to conduct the following direct/counterattacking play, taking advantage of the advanced position of the opposite team at that moment (Fernandez-Navarro et al., 2018). In contrast, teams gained more balls in advanced zones of the pitch when they were losing. This is in support of previous research (Almeida et al., 2014; Santos et al., 2017) that found an increase in ball recovery location when the teams were losing. One explanation for this behavior could be that teams tried to gain the ball as soon as possible in order to have more attacking chances to change the scoreline. As a matter of fact, Tenga and Larsen (2003) reported that a high-pressure play entailed more attacks that start in the attacking third, and would explain the use of this tactic. With respect to quality of opposition, the greater the quality of the opponent the lesser the chance of gaining the ball in advanced zones of the pitch. When teams played against strong opposition, significantly fewer balls were gained in zones 3 and 4 and more balls were gained in zone 2; whereas when teams faced a weak opposition, more balls were gained in zone 3 and fewer balls were gained in zone 2. Previous research also found the same tendency that playing against a strong opposition decrease the position of the defensive line on the pitch (Santos et al., 2017), and decreased the ball gains in more advanced positions of the pitch (Almeida et al., 2014). Similarly, Fernandez-Navarro et al. (2018) found that when teams played against strong opposition there was a decrease in the use of the high-pressure style of play. The fact that better-ranked teams have better players could perhaps be the reason for these teams applying this aggressive tactic in defense that requires intense efforts and good player positioning.

The data showed that there was no effect of venue on the defensive variables analyzed. The study by Gomez et al. (2012) supports these findings as they presented similar results. However, this contrast with the results of previous research reporting that teams playing home used to defend in more advanced zones of the pitch (Almeida et al., 2014; Santos et al., 2017), and increase the use of a high-pressure style of play (Fernandez-Navarro et al., 2018). This contradictory evidence could be caused by the different samples and methodologies used in research. Thus, further studies are needed to shed light on the effect of match location in defensive tactical aspects in soccer. In addition, the results of the present study showed no effect of match period on defensive pieces of play initiated in the opposite half of the pitch. Although other studies have evaluated match period for substitutions during a game (Gomez et al., 2016), or goal-scoring (Lago-Peñas et al., 2016; Pratas et al., 2016); no previous research reported the effect of this contextual variable on defensive actions in soccer.

A limitation of the present study is that only a sample of 10 matches was available for the study. It is possible that a larger set of matches might have reduced the variability of the analyzed sample. Ideally, the entire sample of matches in the league should have been used in order to allow a better generalization of the results. A second limitation is the high standard deviation in all the variables that indicates that data is spread out over a large range of values. This means that the conclusions of the present study should be taken carefully. Significant differences were found in tactical variables across the two independent variables outcome of defensive pieces of play initiated in the opposing half and team analyzed. However, high standard deviations show that different defensive performances were found in each level of the mentioned independent variables. This dispersion of the data reflects the chaotic nature of football. For practical applications, coaches and practitioners could use this performance profiling to evaluate the defensive behavior of the own team or the opposition, in order to prepare the teams better for competition. Furthermore, practitioners should pay attention to the contextual variables that affect the mentioned defensive behaviors when analyzing match performance. Future studies should consider contextual variables when analyzing match data, as it has been proved that they affect the tactical behavior of soccer teams.



CONCLUSION

The analysis of the defensive variables revealed that teams employed different defensive tactical behaviors in competition, from high-pressure to a defense close to their own goal. Match status and quality of opposition were the contextual variables that influenced defensive pieces of play initiated in the opposite half of the pitch. These results provide a better understanding of the defensive behaviors of soccer teams during match-play.
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The main objective of the work is to address the effective behavior of girls and boys through Triadic Motor Games (TMG). A chasing game “The Maze” was applied on two class groups with a total of 42 players, 18 girls, and 24 boys, who were 12- and 13-year-old secondary school students. An observational methodology was adopted, with a nomothetic, punctual, and multidimensional design. We used a mixed registry system that two expert observers later applied through an observational methodology, obtaining sufficient record-quality levels. THEME was applied to detect temporary regularities, while cross-tabulations and growth trees were applied with the SPSS v.24 tool to reveal whether girls and boys played in similar or distinct ways. The fact that the specific decision groups within the physical education class are different for girls and boys (p < 0.005) is worth reflecting on. The game’s TMG complexity was addressed through roles and subroles, giving rise to a certain motor asymmetry in relation to gender, which is an expression of behaviors lacking in playful neutrality. Through a mixed-methods approach, a study was built using observational methodology that reveals more varied motor solutions in girls, while male behavior showed greater specialization of roles and subroles, and the linkage of these solutions with the favorable modification of the marker. Identifying relevant variables when playing TMG allows a better understanding of girls and boys by analyzing their relationships, which are sometimes paradoxical, in a practical context.

Keywords: gender, triad, complexity, game, THEME


INTRODUCTION

The game is a laboratory for the analysis of gender behavior, because playing is an activity that brings out patterns of action from a background of playful culture (Pellegrini et al., 2007); within this adaptive response, gender is constructed in a playful social relational context. Speaking about gender is evidence of a line of stereotypes (Knight, 2002) and asymmetries based on male supremacy (Travers, 2008; Chalabaev et al., 2013) expressed in contexts of wide social and sports impact, such as, for instance, in the Olympic Games (Pic, 2018a). It is through the application of motor games that the interactive expression that gives rise to each game is unleashed, among a set of motor communication models (Parlebas, 1981, 1988).

It would be difficult to conceive of the study of relationships while playing without contemplating the exercise of power (Caplow, 1956, 1959; Foucault, 1979; Connell, 2005) in communication models based on confrontation, where one team wins but another loses. There are some motor games that form the ludic heritage, such as the original balle assise game or its possible variants (Oboeuf et al., 2008; Lavega et al., 2011; Pic and Lavega-Burgués, 2019; Pic et al., 2019). Specifically, triadic motor games (TMG) have great situational complexity, but the question arises of what girls decide and what boys decide when playing in the same triadic situations. Knowing the motor behavior of male and female players in triads, based on observable responses, will reveal similarities or differences according to the gender of the players. In this way, it would be revealed whether this type of game deserves to have a different pedagogical treatment for girls and boys in a physical education class.

The increase in complexity and decisional dynamism (Araújo et al., 2014) of the triad can clarify our understanding of the triadic properties, which are non-existent in motor duels. The difference in the triad is that a coalition of the weak against the strong side is necessary, which is evidenced through the paradox; therefore, it is a paradoxical game. The question of whether there are gender differences in the game has been answered as a contribution of game and play to the socializing process (Lever, 1976), detecting that gender differences were due to the social context in which the game was developed (differentiation of roles, the interdependence between players, the size of the game group, the explicit explanation of objectives, the number of rules, and the formation of teams), the game of the boys being more complex (Balagué et al., 2013) than that of the girls (Lever, 1978). But perhaps this requires a specific interpretation of the structure of the game and the system of rules, because each game offers a specific context of situations (Gómez et al., 2014) and the rules channel the behavior in the game (Parlebas, 1981, 1988).

Closing the question, Evaldsson (2003) studies gender differences in sports games, and justifies them more by situationality; of course, it is in the situation where the variables that interest us converge. Certainly, Parlebas posits a motor communication where the “motor situation” is described as “a set of objective and subjective elements that characterize the motor action of one or more players in a given physical environment when performing a motor task” (1981, p. 220). When dealing with motor games, the motor situation brings together the task and its achievements, together with the emergence of an internal logic of the motor behaviors put into practice in an order of a strategic nature. As a consequence, the decisions of the players can be configured in T-patterns (Jonsson et al., 2010).

The game of persecution serves as a model facilitator of a structure capable of developing an internal logic derived from the conditions under which it is played and that comes from the rules. It is not a game of persecution where a player pursues others, which would have little strategic value, but a triad pursuit game in which there is simultaneous participation, which elevates the relationship to a high level of decisions and a greater complexity of those relationships. Consequently, the fact of the social relationship and the way of acting before it intensifies in the practice of the game. It is this internal structure of the game of persecution that nourishes and orders the mixed system of registration for observation, since in regulated games, it is a closed system due to the effect of the rules. This circumstance brings as a consequence a more solid method when looking for patterns with which to understand the behavior and gender differences when playing; in addition, it is recognized that the gender issue is linked to an empirical pattern and the order of power or forces that develop in the game (Bjerrum and Thorne, 2014). In this sense of motor communication and in its methodological transfer, the role in the game is taken as a decisional criterion of the system of rules, and it is the evidence consistent with the logic of their situations (Pic et al., 2018).

It should be noted that the style of game behavior is accessible to observation through the analysis of strategic behavior, thanks to the fact that it is about motor behavior. Thus, the strategic behavior becomes the differentiating element that deals with the motor problem that gives meaning to the achievements of the game actions. That is to say, the game has to be studied with rules based on the confrontation that justifies a winner. The behavior of boys and girls in confrontation games points to stereotyped forms of participation, where boys were more active and girls were more passive (Gutiérrez and García-López, 2012). However, it could be a mistake to make extensive generalizations of these results. This type of gender differences, unless proven by research, could be contrived and produced by cultures; being elevated to the category of cultural hegemony (Connell and Messerschmidt, 2005). It is possible to classify boys or girls because of their closeness to games and sports, with the known problem of learning and motivation (Ntoumanis et al., 2009). Opting for persecution games means reducing that level of learning and assuming a similar initial motivation, even if it is inevitable to separate the world from playful preferences. However, it should be noted that gender differences in this type of games were already noted by Sluckin (1981) and Navarro (1995).

In Pic et al. (2018) the decisional differences between girls and boys in different versions of the paradoxical game balle assise are verified (Guillemard et al., 1988; Parlebas, 1988; Oboeuf et al., 2008), describing game sub-roles (behaviors developed from a role) and the decision tree; the largest gender differences came from decisional efficiency in positive or cooperative (Dyson et al., 2004) and negative (Heider, 1946) valence behaviors in favor of boys (effect sizes, d = 0.46), in line with recent results (Pic and Lavega-Burgués, 2019). This previous research by Oboeuf et al. (2008) confirms the specificity and scope of the communication network (Parlebas, 1981) when confronting a duel motor game and in the game balle assise.

Sluckin (1981) found that boys’ commitment was four times higher than girls’ in a set of games, including persecution. Also, in boys and girls, at 8- and 10-year-old levels, and in similar recreational conditions, Navarro (1995, 2009) warns that one of the most relevant gender differences in 10-year-old girls with respect to boys was the development of secondary roles while playing against the roles that lead to success in a game of persecution; on the other hand, in the first level of 8-year-olds, that difference was not manifested. Specifically, reserving persecution roles for boys versus girls was a way to prioritize participation in motor games. Following the same methodological and theoretical trail, Pic et al. (2018) addressed the complexity of two motor games of different triads of the triadic census (Pic and Navarro, 2017; Pic and Navarro-Adelantado, 2019) through T-pattern analysis. A T-pattern is a powerful alternative to the discovery of hidden patterns based on events and temporal parameters in order to find a self-similar tree structure (Jonsson et al., 2006; Casarrubea et al., 2013, 2014; Pic, 2018b).

The use of mixed methods allows the study of the scenario of playful specificity due to the relevance of the temporal order of motor events. In recent history, the TMG (Parlebas, 2011; Navarro and Pic, 2016) temporal structure has been revealed in two forms of play with different properties (Pic et al., 2018), with greater decisional complexity found in the game “The Maze” than in “Three Fields.” When we study the responses of our students to an increase in complexity due to the triad, the emergence of new relationships would be favored, as well as encouraging strategic reflection in a spontaneous context. Revealing the existence of differences according to gender could make the teacher modify their methodologies or tasks in physical education classes. For this, the use of mixed methods was justified by observational methodology, based on the categories of roles and subroles (Parlebas, 1981, 1988) and the temporal structure of patterns.

The advantages of the use of mixed methods (Todd and Nerlich, 2004; Anguera et al., 2018), the integral vision of the object of study, the flexibility of the conceptual framework (Brannen, 1992; Johnson et al., 2007), and the inclusion of new dimensions, justify their selection for the study of motor triads, because they allow a problem to be addressed in its context and complexity. Specifically, the merger of purely quantitative aspects (e.g., the coding or control of data quality) with the use of qualitative aspects such as observational design and the use of an “ad hoc” registration system give the study a holistic view.

Based on the above considerations, the proposed study had two objectives:


1.Identifying the motor responses (descriptive and associative) of girls and boys through the development of TMG.

2. Determining the existence of gender differences when playing TMF through predictive models and T-patterns.





MATERIALS AND METHODS


Study Design

For this study, a pre-experimental design was used (Bisquerra, 2004) composed of a single test applied to two non-equivalent class groups. More concretely, a quadrant III observational methodology was selected (Blanco-Villaseñor et al., 2003; Anguera and Hernández-Mendo, 2016). Specifically, a design was applied that was: (a) nomothetic, as data on different players were recorded; (b) punctual, because the observation were raised in a precise moment, and (c) multidimensional, since different dimensions (criteria) were taken into account (Anguera et al., 2011). The selection of a suitable design is essential in research, since the type of data (Bakeman, 1978) will determine the analysis technique, among other relevant decisions to achieve the research objectives.



Participants

The number of players was 42, 18 girls (42.8%), and 24 boys (57.1%), between 12 and 13 years old (M = 12.5; DT = 1) from two secondary middle-class schools in the Canary Islands (Spain). The students played the same well-known motor game “The Maze,” distributed into two ecological (natural) class groups; in each center, there were two groups (group “1,” group “2”). Each group was divided into three teams composed of seven participants. Team A and B of group “1” consisted of four boys and three girls, respectively, while team C had three boys and four girls. Teams A and B of group “2” were identical to group “1,” but team C consisted of five boys and two girls. This study was reviewed and approved by the Human Research Ethics Committee of the University of La Laguna (Spain) in accordance with the recommendations of the Ethics Committee for Research and Animal Welfare, with written and informed consent from all parents of all participants (Declaration of Helsinki).



Procedure

The game used in the study is a persecution game known as “The Maze.” It was put into practice by two groups formed of male and female students from conventional physical education classes. The ecological grouping was used so as not to interfere in the development of the teaching team’s program. It was the students’ own teachers who were in charge of guiding the implementation of the games. The formation of the teams (in each group) was random, but gender was taken into account to achieve balanced teams. Before starting the game, we made sure that no student had previously played “The Maze.” In a session before the final registration, the same game was put into practice with the groups in order to resolve doubts related to its rules.

The motor game was engaged in by three teams (different colors were used for each team) in a 20 × 20 space, with simultaneous participation of all the protagonists. The objective of the game is to capture all of the players of the two rival sides following the rivalry relationship (A↔B↔C↔A). To do this, when a player is touched on the back, he must sit down on the spot where he was when touched. At that moment, he becomes a prisoner waiting to be released by a player. The player who usually performs the release action is the partner. However, the “non-restriction of the rule” makes it possible that on certain occasions (usually in terminal situations or close to turning all the players of a team into prisoners), they prefer to prolong the game through paradoxical behaviors, such as making pacts or alliances between opposing teams (Navarro, 1995). Thus, the team that manages to keep at least one free player would win the game, provided that the rest of the teams are sitting (prisoners). It must be remembered that it is a game with an ambivalent and stable communication network (Parlebas, 1988) in which the dynamism is constant since it must adjust to a continuous change of friendly and/or enemy alliances.

The player actions were recorded through the use of two cameras so that it would be possible to, in case of doubt in the observers, resort to a second angle of vision. A single recording was made from the beginning to the end of the game. The time of the analysis, agreed with the observers, did not exceed 3 min for each player.



Data Quality

In order to determine the data quality (Morillo et al., 2017), inter-observer and intra-observer reliability and validity tests were carried out. Once the observers had uploaded the video to the Lince program, they started to record, separately. When identifying a category, they pressed the button to record. Generalizability analysis was used to estimate accuracy, validity, and reliability (Cronbach et al., 1972; Blanco-Villaseñor et al., 2014). Also, Pearson and Spearman’s correlation coefficients were used.

The values reached always exceeded values of 0.95, thus indicating a high correlation between the different measurements performed by two observers (inter-observer), and two different times (intra-observer). On the other hand, when applying the theory of generalizability, a variance no greater than 1% was evidenced by adding inter- or intraobserver percentages. In this way, the quality of the records was verified.



Variables, Data Analysis, and Materials


Study Variables


1. Roles and subroles: subroles are the minimum units of relational expression, grouped and operationalized from four roles (persecutor, dodger, prisoner, liberator). Each of the four roles was shelled by their respective subroles (Table 1). This mixed registry system was used previously (Pic et al., 2018).




TABLE 1. Registration system (4 criteria and 15 categories nested within the criteria).
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2. Gender: girls “G,” and boys “B.”

3. Group: represented by the two groups studied, “1” (composed of three teams) and “2” (composed of three teams). Thus, the groups were considered different statistical units that competed separately.





Data Analysis

For all the analyses in this study, we started from statistical levels acceptable in social sciences (p < 0.05), except when using THEME (p < 0.005). Three phases of data analysis were applied, grouped into (i) descriptive-associative analysis (Chi-square), (ii) supervised learning models (decision trees: CTR), and (iii) T-patterns (THEME).

In the first phase, crosstabulation (chi-square) was applied to verify the existence of an association between the gender variable and the roles. Subsequently, Cramer’s V statistic was applied to calculate the effect size. The previous analysis was then repeated but between the gender and the study groups. In the second phase, decision trees were applied, specifically the CTR model, to reveal the interactive process of the data using the variables of the game, such as the roles (dependent variable), while the predictive variables of the model were gender and group. The predictive tree is a regression-classification model that started from parent nodes with a minimum composition (n = 100) and child-nodes (n = 50). Finally, in the third phase, the THEME analysis technique was applied to reveal temporary regularities between girls and boys when practicing TMG. THEME is a data-reduction technique. According to Magnusson (2000, pp. 94–95) “if A is an earlier and B a later component of the same recurring T-pattern, then, after an occurrence of A at t, there is an interval [t + d1, t + d2] (d2 ≥ d1 ≥ d0) that tends to contain at least one occurrence of B more often than would be expected by chance.” The search parameters of T-patterns included for the analyses were significance levels 0.005 and a minimum of two motor occurrences. The search was also addressed in the observational registers of the behaviors (TUFC) and (TUFA) to determine their involvement in the identification of T-patterns.



Materials

Lince software (Gabín et al., 2012) was used to manually record the motor actions. The tools used to assess the data quality were the Generalizability Study GT program, v.2.0E (Ysewijn, 1996) and the SAS 9.1 (SAS Institute Inc, 1999) statistical package. The analyses were completed with IBM SPSS 24 (IBM Corp, 2016) and THEME v6 (Magnusson, 1996, 2000; Casarrubea et al., 2015).



RESULTS

The descriptive and associative results from crosstabulations showed gender differences focused on some specific game roles (p = 0.033). Specifically, male dodgers in both groups exceeded (n = 107, residual adjusted, 2.5) the female dodgers (n = 58, residual adjusted, −2.5), while it was the other way around when examining the captive role. The girls slightly exceeded (n = 87, ar, 2.2) boys under the prisoner role (n = 85, ar, −2.2). On the other hand, we must also bear in mind that the decision total (n = 679) favored boys (n = 384) over girls (n = 295). Although this total value was not statistically significant, the boys developed more subroles related to the capturing role and the liberating role, being the first in capturing boys (n = 119) and capturing girls (n = 87) while the releases made by boys (n = 73) again exceeded girls (n = 63). Finally, the effect sizes found should be considered small (0.114) (Cohen, 1988).

When contrasting the relationship between gender and group, there was no significant association (p > 0.05). In spite of this, and the positive or negative values of adjusted residuals not being surpassed (1.9), group “1” reached fewer decisions in its practice (n = 294) than group “2” (n = 385). In the “1” group, the girls (n = 140) made fewer decisions than the boys (n = 154), also evidenced in the “2” group in girls (n = 155) and boys (n = 230).

Figure 1 shows the output of the regression and classification model of the predictive variables gender (girl/boy) and two independent groups (“1,” “2”) formed by three teams each as a function of the variable roles. The role most used by both groups was the catcher (n = 206, 30.3%), in second position was prisoner (n = 172, 25.3%), then dodger (n = 165, 24.3%), and finally, liberator (n = 136, 20%). The first partition was established to form node 1 (n = 294, 43.3%), with the catcher role being the most used (n = 102, 34.7%), while the most used role in group “2” (n = 385, 56.7%) was prisoner (n = 113, 29.4%). Thus, it was possible to show that, in group “1,” there were fewer behaviors than in group “2”.
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FIGURE 1. Tree of predictive variables (IV): gender (girl “G” boy “B”), group (“1” “2”), taking into account the role (DV): catcher/dodge/liberator/prisoner.


On the other hand, the formation of nodes 3–4 in group “2” was distinguished according to gender, as happened with nodes 5–6 in group “2.” Node 3 (n = 140, 20.6%), corresponding to girls (G), contained fewer behaviors than node 4, belonging to boys (B) (n = 154, 22.7%). Although the most used roles in both boys and girls corresponded to the catcher role, the least present in girls was the prisoner role (n = 28, 20%), while, in boys, it was the liberator role (n = 22, 14.3%). Regarding now group “2,” girls (G) in node 5 (n = 155, 22.8%) achieved less behavior with boys (B) (n = 230, 33.9%). Contrary to what happened in group “1,” the role most used by girls (G) was the prisoner (n = 59, 38.1%), while, in boys (B), it was the dodger (n = 66, 28.7%).

Finally, the results of the tests are shown first for group “1” in girls (Figure 2) (a) and boys (Figure 3) (b), and secondly, for group “2,” also in girls (Figure 4) (c) and boys (Figure 5) (d). Due to the interest aroused by the behaviors TUFC and TUFA in the development of triadic games, specific searches were conducted.
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FIGURE 2. Dendogram obtained from THEME belonging to group “1” exclusively in girls. The decisional categories of the mixed registration system (Table 1) were used for searching for T-patterns.
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FIGURE 3. Dendogram obtained from THEME belonging to group “1” exclusively in boys. The decisional categories of the mixed registration system (Table 1) were used for searching for T-patterns.
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FIGURE 4. Dendogram obtained from THEME belonging to group “2” exclusively in girls. The decisional categories of the mixed registration system (Table 1) were used for searching for T-patterns.
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FIGURE 5. Dendogram obtained from THEME belonging to group “2” exclusively in boys. The decisional categories of the mixed registration system (Table 1) were used for searching for T-patterns.


(a) Group 1 Female

In Figure 2, corresponding to group “1,” the relationship between the pursuit (PA) and the release of fellow players (TUFC) is verified. On the other hand, there was also a link between run away actions (HA) and the prisoner role in attention (A). In turn, these two relationships were linked, because compliance with PA-TUFC often led to the HA-A relationship. A specific search was also carried out to determine the implication of the categories TUFC and TUFA in 50% or more of the T-patterns found in this and other dendograms. In this case, the decision to release fellow players (TUFC) was found in group “1” and between the girls, with percentages in the T-patterns of at least 50%.

(b) Group 1 Male

On the other hand, the boys in the same group, “1” (Figure 3), alternated between the actions of capture (CA) and pursuit (PA) and both, with more capture actions (CA), which emphasizes the finding that while the boys mostly used the catcher role, the girls showed a greater variability in role, that is, they developed more intensely the four roles described in the mixed registration system. On the other hand, the same specific search that was carried out previously in girls in relation to the implication of decisions TUFC and TUFA in the formation of T-patterns with percentages of 50% or more showed the non-existence of T-patterns.

(c) Group 2 Female

In Figure 4, corresponding with group “2,” it was evident that the girls used all the roles except for the catcher role. Thus, the actions of flight (HA) were related to being taken prisoner (A), while the second group of actions carried out by girls related falling prisoner (A) to making spatial movements to facilitate release (CE). Finally, the flight (HA) was also related to the actions of dodging (EA) to get out of difficult situations. Mostly, the relationship was very intense between the first group of behaviors (HA-A) and the second (A-CE), all being related to the last binomial (HA-EA). Therefore, it was found that the girls developed the roles of dodgers and prisoners. Thus, in group “2,” the girls expanded the repertoire of roles used with respect to the “1” group. Minimal percentages of 50% of the records were found for the formation of T-patterns through decisions TUFC and TUFA.

(d) Group 2 Male

Liberation behaviors emerged in boys in the second group (group “2”) through the actions of liberation of peers (TUFC) and then release of opponents (TUFA). Finally, after performing the above actions, the players became prisoners in attention (A). Therefore, the boys in group “2” expanded the number of roles used, as was found in the girls in the same group. The specific search for decisions TUFC and TUFA was repeated, confirming the participation of both in a minimum of 50% of the records for the formation of the T-patterns.



DISCUSSION

The study addressed, through mixed methods, the motor responses of girls and boys when playing TMG. This methodology served to make feasible a study in full contextualization and playful spontaneity ruled by the integration of approaches (Bazeley, 2009). In this way, an approach to a complex triadic reality is proposed. The rule is the main reason for the use of roles (criteria)-subroles (categories) through which to achieve intentional strategic development and interest in winning the game. The identification of the system of categories, derived theoretically from the game roles, has been guided by the internal role-logic relationship of the game (Parlebas, 1981, 1988), allowing a reduction in complexity (Balagué et al., 2013).

It is this internal order when developing the game, in addition to the relational enrichment provided by the triad, that has enabled us to search for the behavior of the descriptive variables and the outcrop of T-patterns through which to judge gender differences. Attached to the context, but oblivious to the research carried out, it is evident that the playful preferences of the ages throughout childhood, in this type of game, already mark the gender behavior at later ages as analyzed; in addition, a current play culture that channels competition through sport with its consequences also related to gender is added to this context.

Among the most remarkable results, there was unified statistical backing linking triadic play with the construction of gender. However, it was through the use of THEME that the analyses with the highest statistical consistency (p < 0.005) and methodology were obtained, due to the inclusion of the temporal dimension in the TGM decision complex as a whole (Araújo et al., 2014). The emergence of temporary chains of subroles dissipates doubts, showing a high specialization of the boys on the roles (and their corresponding subroles) leading to direct victory in the game, while the girls showed a more balanced distribution in role selection in the game. What apparently would be a larger form of participation in girls contains subsidiary decisions if possible adaptive subroles are nested under the second observational macrocriterion or role (Parlebas, 1981) of “catcher.” That is, the subroles played by the girls are more widely distributed than those of the boys.

We found, in the present study, small size effects in the use of subroles according to gender. Similar studies found superior effects when the decisional effectiveness of boys on girls (effect size d = 0.27) (Pic et al., 2019) in shared-space and ball-throwing motor games is pointed out. At this point, one could ask about the play preference for playing certain games because of gender. In this sense, it was confirmed that while girls and boys preferred persecution games, fighting games belonged only to the male preferential spectrum (Smith et al., 1992). Following Pellegrini (1995), in persecution games, there is no transmission of a hegemonic power, which does exist in fighting sports, thus validating the use of pursuit games as a means to identify motor asymmetries, since they do not perpetuate the established order of male supremacy. While it is true that these forces prevalent in both genders are less pronounced in the game of persecution, it is not exempt from them. The reference culture has demonstrated its influence on different human activities (Lévi-Strauss, 1987); therefore, it would be appropriate to point out that culture could be behind the responses found in girls and boys (Costa et al., 2001; Wood and Eagly, 2002) through the predominance of gender stereotypes.

Assuming differences in players at the end of childhood by aged, it is not negligible that the boys and girls studied already start with differences in the ludic preferences that they have lived. Sluckin (1981) warned that the commitment of boys in capture games was four times the commitment of girls (Sluckin, 1981). This author attributed greater competitive emphasis to boys with respect to girls, which could be explained by means of a certain vigorousness necessary to participate in this type of game (Fabes, 1994). In this same sense, the differences found by Navarro (1995, 2009) in 10-year-old girls, in relation to boys, in the original version of the persecution game “The Maze” would invite us to think that the playful preferences were already appreciable at early ages and had an extension at later ages. In other words, there may be a desire to compete in boys and to feel more perseverant in the reduced decisional practice and specialization of roles in a preferred game in the gender differences that have been obtained. All this contributes to telling us that TMG is a game structure where relational differences are expressed, as are gender ones, and that the triad causes them to emerge due to having a greater spectrum for these relationships.

Perhaps the sign of valence (Heider, 1946) of the communication relationship could help in understanding the distribution of the specific use of roles (Pic and Lavega-Burgués, 2019) in the game “The Maze,” because, under the effect of the paradoxical situation and in actual practice, the role has a positive valence when applied cooperatively and a negative valence when acting antagonistically. It is not only a matter of the role-role relationship when playing; it is a product of the situationality (Gómez et al., 2013) and the interactive solution found by the players (adversaries or partners). The study presented has been able to satisfactorily detect this by means of descending to the minimum level of behavioral unit of the subrole (Parlebas, 1981, 1988) while at the same time identifying the antagonistic or cooperative use of the paradoxical role.

While the girls used almost all the roles in both groups, which could be described as more complex, the boys reduced their practice to perform capture and salvation actions in the second group. Perhaps the behavior of boys responded to exclusively strategic reasons, as a means to achieve victory, while the girls showed themselves more inclined to consider other influences of a playful and systemic nature and, therefore, be more harmonious in the use of other roles. Some clues could be forming a puzzle to weave a complex web of gender behavior. In the classic Vinacke’s (1969) studies of triad coalitions, it was found that girls applied less risky strategies and made unnecessary coalitions to achieve success. This same imbalance, favoring competition on cooperation of the boys was confirmed (Kivikangas et al., 2014) by the girls showing themselves to be more balanced in the cooperation-competition binomial.

In the same study, the boy’s ability to cooperate was also recognized; this is analogous in our study to the use of the liberator role identified by THEME in group “2” but not in group “1,” given that only release actions greater than 50% (TUFC) were identified in girls. Although the cooperation did not rest exclusively on girls, they were more attracted to it (cooperation) than were boys, confirming positive emotions after their experimentation in a context of motor games (Lavega et al., 2014b) extrapolated to other contexts (Johnson and Engelhard, 1992; McKay et al., 2000). Positive emotions in favor of cooperation in girls (Lavega et al., 2014b) find their preferential parallelism in rivalry (Lavega et al., 2014a; Muñoz et al., 2017).

The boys, when selecting their game solutions, have followed the most important strategic motive, to win, which is the most advantageous solution as a game achievement. Keeping the distances, this same strategic advantageous solution is behind the attraction for the rivalry to which Kivikangas et al. (2014) alluded in boys. Also, in a context of motor play, greater proportions of male protagonism and ball throws (Gutiérrez and García-López, 2012) were identified. Thus, it can be understood that the logical development of the boys in the game “The Maze” was to use the “catcher” role to win and only in case of necessity to use the “dodger” role as strategic premises. The girls, on the other hand, developed a variety of roles and subroles linked to tasks secondary to the main strategic achievement of the game; in this sense, the true weight of contextual variability in TMG was more assimilated by girls, although with this strategic disadvantage. Thus, the adaptations to the new triadic environment (Pic et al., 2018) directly refer more to the girls, as it also refers to them the properties and specificity nested in the dimension of transience (temporal) and its correlation in the use and importance of time in THEME. That is, the girls show a greater adaptive repertoire than the boys in their strategic itineraries, while the boys remain more in the role of strategic dominance of the game.

The events derived from the development of the game have not been an obstacle to the analysis model, finding gender differences in separate groups, since the “role” criterion is a sufficiently relevant element. Thus, the regression and classification model (CTR) reflected the group variable in the first place to segment the records, when both groups were divided according to gender. All this depended on the dependent variable role. Although these results show that there were decisional differences when playing between girls and boys, it also indicates that the “1” and “2” groups had a collective identity. It seems that the group behavior and the adaptation of the groups to the triadic situations describe an autonomy of the groups in interaction, but at the same time, there is a different adaptive evolution between the groups. That is why the behavioral variability of the individual adapts socioculturally to the community, which makes it difficult to perform suitable calculations; however, gender differences emerge when they are analyzed with adequate methodological approaches.

The relevance of this study can be summarized in two questions: (a) the evidence of gender-related strategies through THEME that are hidden from the human eye and about the practice of TMG is relevant; (b) the identification of girls’ decisional variability is comparatively extended in terms of role performance with respect to boys. Operationalizing a motor game played in confrontation under the criterion of the role links a theoretical construct with a methodological criterion, because to enhance the quality analysis is to establish the maximum closeness between the theoretical interpretation of the game and the methodological coherence.

Among the limitations of the study, it is worth mentioning the increase in the number of participants as one of the greatest challenges or the increase of time to record playful events (observable behaviors). It would also be interesting to replicate this work in other cultures (Wood and Eagly, 2002) contexts, to see if the differences reproduce again. It would be complex to ensure that the physical development of girls and boys has been neutralized (identical) when they were playing. Though logical, it is not appropriate to exclude participants from a physical education class during official hours, as it constitutes a legal impossibility. On the other hand, finding perfectly gender-balanced groups could be indicated. In addition, it would be convenient to develop different recording tools for the study of motor games, more specifically TGM, because they contain a development of an internal logic of situations. The study of TGM is in an embryonic phase, but different pedagogical applications could be detached from its use, trying to address more transitory decisional states among other differential elements with respect to the best-known play culture. Interdisciplinary study of TGM from a gender perspective might be appropriate; that is, in terms of both methodological and disciplinary approach. Awakening the interest of other research groups for TGM would complete the interpretive circle of the triad and how gender differences affect the decision-making complexity depending on spatial criteria among others not addressed by this work.



CONCLUSION

The viability of the study of gender differences when playing TMG through mixed methods was verified. There was greater masculine participation in the catcher, dodger, and liberator roles, while the girls used the prisoner role more than boys in TMG (Figure 1). Groups “1” and “2” showed a certain group singularity reflected in the decision tree and in the analysis of T-patterns. In group “2,” the TUFC and TUFA behaviors of girls and boys exceeded 50% of the records in the form of T-patterns. However, TUFC was exclusive in girls in the group “1.”

The most relevant conclusion was based on the temporal dimension. Greater complexity (quantity and variety according to THEME analysis) of roles-subroles was identified in girls (1CA, 3HA, 1EA, 3A, 1CE, and 1TUFC) in the situational dynamics of TMG, while it was lower in boys (2CA, 1PA, 1A, 1TUFC, and 1TUFA). The most gender-specific differences revealed that boys were more seduced by the catcher (CA, PA) and liberator (TUFA) roles; while girls developed a decisional approach in the roles dodger (HA) and prisoner (A, EA) subject to the TMG play system.
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The aim of this investigation was to establish the criteria of service, reception and set that determine setting efficacy in world-class top-level volleyball. The study sample consisted of 4.113 gaming actions (1.371 serve actions, 1.371 reception actions, and 1.371 set actions), corresponding to the observation of four matches for each of the 12 best ranked teams in the Volleyball World Championship - a total of 23 matches. The criteria were: in-game role of the server, serve zone, type of serve, striking technique and serve direction; receiver player, reception zone, and reception efficacy; setting zone, type of set, setting technique, setting efficacy, a set’s area, and set tempo. Multinomial logistic regression showed that criteria related to reception (reception efficacy) and to set (setting zone, type of set, a set’s area, and set tempo) determined set efficacy. Specifically, positive and negative receptions and settings from acceptable and non-acceptable zones reduced perfect setting. In contrast, the jump set toward zones three and six and the first and second tempo increased perfect setting. Serve criteria did not determine set efficacy. This study can guide trainers and players in the training process.
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INTRODUCTION

The specific characteristics of volleyball imply that its game actions are interrelated. Except for the serve, each action is influenced by a preceding action, and all actions influence subsequent actions (Eom and Schutz, 1992). The serve, attack, and block actions have the highest correlation with victory (Marcelino et al., 2008; Montoro-Escaño and Hernández-Mendo, 2014), as they correspond to terminal actions that allow directly scoring points (Marcelino et al., 2010). Reception, set, and defence are intermediary linking actions that do not usually allow obtaining direct points (Marcelino et al., 2010). Teams lacking the ability to effectively execute such intermediate actions are usually most likely to lose sets (Silva et al., 2014).

In volleyball, many studies have been carried out on the research topic of match analysis. Most investigations involved the finalist actions, serve (Buscá et al., 2012), attack (Marcelino et al., 2012; Costa et al., 2017), or block (Afonso and Mesquita, 2011), with fewer studies of the intermediate actions, reception (Paulo et al., 2016), set (Silva et al., 2014), and defence (Mesquita et al., 2007). These investigations have focussed on determining general aspects of the game through descriptive analysis (Callejón and Hernández, 2009) or specific information of the performance of main aspects through inferential analysis (Ureña et al., 2002; Afonso et al., 2005a, b), analysing the variables that could predict performance (González-Silva et al., 2016).

At present, players’ performance variability and the non-linear changes of game actions are important elements to understand sports dynamics (Hamil et al., 1999; Oullier et al., 2006). Thus, studies are developed through entropy, which has allowed researchers to determine players’ performance variability (Rhea et al., 2011; Ramos et al., 2017). Due to the sequential nature of volleyball, knowledge of the relationships between the different game actions is essential. The analysis of the interaction between game actions through social networks provides information about the relationships between the different elements of the system through the establishment of a network system (Laporta et al., 2018).

However, few studies have actually investigated the relationships between the different actions (Costa et al., 2011), and there is an urgent need for studies going beyond the analysis of single actions. The dynamic nature of volleyball makes implies taking the relationships between game actions into account (Hale, 2001).

Of the few studies that have investigated relationships between different actions, several have shown that serve technique greatly influences the efficacy of serve-reception (Joao and Pires, 2015; García-de-Alcaraz et al., 2016). Specifically, jump serves were found to increase the number of receptions that did not facilitate an attack on the opponent. The characteristics of the serve influenced its reception (Paulo et al., 2016). Research has also shown an influence of the serve on setting. At least one study has shown that the type of serve can influence the setting zone (Afonso et al., 2012). Powerful jump serves were more likely to be preceded by sets from acceptable zones. Other studies have shown that, before perfect receptions, setters were more likely to have executed setting of the first tempo, thus increasing the probability of gaining points (Bergeles and Nikolaidou, 2011), although Papadimitriou et al. (2004) failed to verify this finding. However, these authors did show that the quality of the reception influenced the setter’s offensive strategy. At high levels of volleyball, set efficacy was found to increase when using the finger set technique (Palao et al., 2009), thus indicating that set variables also influence setting efficacy. González-Silva et al. (2016) showed that, in the male category of training stages, setting zone, setting technique, a set’s area, and set tempo also influenced setting efficacy.

Previous investigations focussed on the training stages of volleyball have shown that setters usually did not perform a perfect setting action following a poor serve-reception (González-Silva et al., 2016). Conversely, for high-level volleyball, research has shown that the setter is often able to achieve success from bad serve-receptions (Papadimitriou et al., 2004; Silva et al., 2014). In addition to verifying this fact, the present investigation sought to determine whether variables related to service, receptions, and the setting action itself influenced the setting efficacy. Therefore, all actions prior to the setting action (a finalist and other intermediaries) are considered, an aspect that has not been analysed in prior studies.



MATERIALS AND METHODS


Design

The present investigation is an ideographic, punctual and multidimensional observational design (Anguera et al., 2011).



Participants

The study sample comprised a total of 4113 game actions (1371 serve actions, 1371 reception actions, and 1371 setting actions) corresponding to the observation of the 12 best classified teams in the men’s World Championship. The observed actions occurred in the third phase of the championship. All the matches of that phase were analysed, which involved the observation of four matches of each of the participating teams, that is, 87 sets, in which the two teams that played each of the matches were observed. The sets per team are shown in Table 1. Participants’ informed and written consent was obtained for the study.


TABLE 1. Number of sets observed by team.

[image: Table 1]The study is exempt from ethical approval because the observation of game actions does not pose any risk to the participants. The study was performed in accordance with Spanish and international guidelines for scientific research involving humans.



Instrument

The data collected were register with the observational analysis software applied to volleyball VA-Sports (Morante, 2014).



Procedure

All the matches were recorded in their entirety, with the camera located in one of the corners of the court, guaranteeing an optimum field of vision.

After collecting the video footage, an observer, who was a Graduate of Science in Physical Activity and Sports, National Level III volleyball coach, and who had 5 years of experience as a coach, conducted a training process and encoded game actions. The training process was carried out for six training sessions using samples with different characteristics.

The intra-observer Cohen’s Kappa values reached in the observation of all the criteria were higher than 0.75, which was the minimum value considered to be almost perfect agreement (Fleiss et al., 2003). To guarantee the temporal reliability of the measurement, the same coding was performed on two occasions, with an interval of 10 days, obtaining Cohen’s Kappa values of over 0.75. Table 2 shows the Cohen Kappa values obtained in each training session of each criterion, at the different temporary moments.


TABLE 2. Kappa de Cohen values of the criteria in each training session.

[image: Table 2]Finally, a generalisability analysis (TG) has been carried out (Cronbach et al., 1963, 1972). This type of analysis has been used in order to know the validity of the sample. This analysis was carried out with SAGT, which is a computer application for generalisability analysis (Hernández-Mendo et al., 2016). For the study of validity, a three-faceted design was structured: coincidence (P), criterion (V), and category (C), which allow estimating the validity of the criteria used in the category system.

After obtaining the optimum reliability values, the observation was carried out. Below we indicate the criteria and their corresponding categories (Hernández Mendo et al., 2012; Anguera and Hernández-Mendo, 2013), considered in the observation tool used in this study:

In-game role of the server, defined as the in-game role of the player serving. The categories were: receiver, setter, opposite, and middle attacker (Araújo et al., 2010; Stankoviae et al., 2018).

Serve zone, defined as the zone from which the serve is carried out, covering a 9-m wide space located behind the baseline of the court and as an extension to the sidelines of the court, differentiating three zones of origin. The categories were: zone 1, defined as the strip 3 m wide from the right sideline of the field and behind the bottom line; zone 6, defined as the strip 3 m wide located 3 m from the left sidelines and 3 m from the right sideline of the field and behind the bottom line; zone 5, defined as the strip 3 m wide from the left sideline and behind the bottom line (Queiroga et al., 2010).

Serve type, defined as the type of serve used by the player, considering the location of the player at the time of contact with the ball (García-de-Alcaraz et al., 2016). The categories were: standing, when the player making the throw has some contact with the ground at the moment of hitting the ball; jump, when the player who performs the serve does not have any contact with the ground at the moment of hitting the ball (Afonso et al., 2012; Costa et al., 2012).

Striking technique, the type of serve technique used by the player, considering the flight trajectory of the ball after striking. The categories were: power, when the player who makes the serve contacts by transmits great power and speed to the ball, so the ball rotates forwards; float, when the player who makes the serve contacts the ball with the minimum surface and the least possible time, so the ball does not rotate, but follows a fluctuating and unpredictable trajectory (García-de-Alcaraz et al., 2016).

Serve direction, defined as the direction determined by the serve depending on the serve zone and reception zone. The categories were: parallel, the area of origin of the serve and the reception zone are in line; this direction corresponds to the serves of one-to-five, six-to-six, and five-to-one; mid cross-court, the area of origin of the serve is in an area close to the reception zone; this direction corresponds to the serves of one-to-six, six-to-five, six-to-one, and five-to-six; long cross-court, the area of origin of the serve is in an area far from the reception zone; this direction corresponds to the serves of one-to-one and five-to-five (Gil et al., 2011).

Serve efficacy, defined as the performance or effect obtained with the serve. In order to assess efficacy, the systems of categories employed in “Data Volley System Valuation” (Data Volley, 2010) were used: perfect serve (#), the opponent does not touch the ball or fails to return it; positive serve (+), the opposite reception ends three or more meters from the net, the setter cannot play the first tempo, or the reception ends 1–2 m from the net, making the setter’s combination difficult; negative serve (−), the opposite reception is perfect, the setter has all the pass options.

Receiver player, defined as the in-game role of the player at whom the serve is aimed for reception. The categories were: outside-hitter, the receiver player has an offensive role and is positioned in the attack zone of the court, i.e., zones two, three, and four; receiver of the defence zone, the receiver player has a defensive role and is positioned in the defence zone of the court, i.e., zones one, six, and five; libero, the receiver player is a specialist in defence and reception; other players, the receiver player has a different role from the outside-hitter, receiver of the defence zone, and libero (Gil-Arias et al., 2016).

Reception zone, defined as zone where the serve is received. The categories were: lane one, zone of 3 m × 9 m located on the right side of the court; lane six, zone of 3 m × 9 m located at the centre of the court; lane five, zone of 3 m × 9 m located on the left side of the court; space between players, reception is performed in an intermediate zone with conflict between two receivers (Gil-Arias et al., 2016).

Reception efficacy, defined as the effect obtained in the reception of the serve. In order to assess efficacy, the systems of categories employed in “Data Volley System Valuation” (Data Volley, 2010) were used: perfect serve-receptions (#), defined as the reception through which the ball reaches an optimal setting zone, allowing the pass in suspension and giving the setter all the attack options; positive serve-receptions (+), defined as the reception that gives the setter all the attack options, but in order to play the first tempo, he must take risks; negative serve-receptions (−), defined as the reception that does not give the setter all the attack options, so he cannot make first-tempo attacks.

Setting zone (Figure 1), defined as the place on the court from which the setting pass was carried out. The categories were: an excellent zone, a 10 m2 area (2 m × 5 m), located 1 m from the right sideline and 3 m from the left sideline; an acceptable zone, a 6 m2 area (2 m × 3 m) located at 2 m from the zone A, at 4 m from the left lateral line and at 2 m from the right lateral line; an non-acceptable zone, all the remaining area (Afonso et al., 2012).


[image: image]

FIGURE 1. Setting zone (Adapted from Castro and Mesquita, 2010, p. 200).


Type of set, defined as the typology of sets made by players, based on whether the setter was in contact with the ground at the time of performing the set. The categories were: jump set, when the setter has his feet in the air at the moment of contact with the ball; standing set, when the setter has his feet on the ground at the moment of contact with the ball (Palao and Martínez, 2013; Palao and Ahrabi-Fard, 2014).

Setting technique, defined as the complete gesture used in the setting pass. The categories were: forearm set, the setter performs the setting touching with the forearm; overhand set, the setter performs the setting touching with the fingers of both hands (Papadimitriou et al., 2004).

Setting efficacy, defined as the performance or effect obtained in the setting. The FIVB system criteria were used. The categories were: non-precise setting, defined as setting that does not allow an attack or that allows an attack but without all the options; good setting, defined as a precise set action that allows an attack in front of two blockers or one middle blocker; and perfect setting, defined as a precise set action that allows an attack in front of one or no blockers (adapted of Moreno et al., 2008).

Set’s area, defined as the area of the court where the attack strike was made. The categories were: zone one, defined as an area 3 m × 6 m long, located in the right area of the rear part of the field; zone two, an area 3 m × 3 m long, located on the upper right side of the network; zone three, an area 3 m × 3 m long, located in the central area of the front of the network; zone four, an area 3 m × 3x long located on the upper left side of the network; zone six, an area 3 m × 6m, located in the central area of the rear of the field (Tsavdaroglou et al., 2018).

Set tempo, defined as the interaction between the moment when the setter makes contact with the ball and the start of the attackers’ approach. The categories were: first tempo, the attacker is in the air when the ball reaches the setter; second tempo, the attacker is performing the penultimate step of the race when the ball reaches the setter; third tempo, the attacker has not started the attack race when the ball reaches the setter (Costa et al., 2011; González-Silva et al., 2016).



Statistical Analysis

An inferential analysis was performed to verify the associations between each of the criteria and setting efficacy. This analysis is presented through contingency tables, including chi-square and Cramer’s V-values. The statistical significance level considered was p < 0.05. The inferential analysis indicated a significant relationship between setting efficacy and: reception efficacy, setting zone, type of set, set’s area, and set tempo. The remaining criteria (in-game role of the server, serve zone, serve type, striking technique, serve direction, receiver player, reception zone, and setting technique) could not be included in the model because they did not show an association. Finally, using the multinomial logistic regression model, the predictions of the criteria on setting efficacy were obtained. We performed a multicollinearity test prior to regression analysis to avoid including intercorrelated criteria. We considered the value of tolerance > 0.10 and FIV < 10 (Hair et al., 2014). As a result of this analysis, serve efficacy (tolerance = 0.031, FIV = 32.253) was excluded as a criterion because it had a value of tolerance below 0.10 and a value of FIV above 10 (Hair et al., 2014). All statistical analyses were performed using the statistical software package SPSS (version.0 for Windows, SPSS, Inc., Chicago, IL, EUA).



RESULTS

Table 3 presents the results of the TG. The model [P] [V]/[C] was created where the relative and absolute coefficients of the facet, category, in this case, were 0.082. With a generalisation coefficient close to 0, this indicates the heterogeneity of the system and the integrity and mutual exclusivity (E/ME), therefore being the optimal estimated value (Blanco-Villaseñor et al., 2014) so the category system is valid (Table 3).


TABLE 3. Generalisability analysis partial models’ adjustments of categories with SAGT.

[image: Table 3]Table 4 presents the results of the inferential analysis.


TABLE 4. Association between criteria and setting efficacy.

[image: Table 4]Table 5 presents the predictive analysis of the reference category perfect setting on the criteria setting efficacy compared to non-precise setting and good setting:


TABLE 5. Adjusted model of setting efficacy.

[image: Table 5]An inspection of Table 5 shows that, when comparing non-precise and perfect settings, positive and negative serve-receptions led to an increase of non-precise settings instead of perfect settings. When comparing good and perfect settings, negative serve-receptions led to an increase of good setting actions, but to a reduction of perfect setting actions.

Regarding setting criteria, when comparing non-precise and perfect settings, the set’s area and set tempo determined setting efficacy. Specifically, the implementation of jumping rather than supporting, setting toward zone three instead of toward zone four, and sets at first and second tempo instead of at the third tempo decreased the number of non-precise settings.

When comparing good and perfect settings, the setting zone, a set’s area, and set tempo were shown to determine setting efficacy. Specifically, setting from an acceptable or non-acceptable zone rather than from an excellent zone decreased setting efficacy by increasing the amount of non-precise setting. Furthermore, setting toward zone six rather than toward zone four, and making sets at first and second tempo instead of at third times increased setting efficacy by decreasing the number of non-precise settings rather than perfect settings.



DISCUSSION

The aim objective of this investigation was to establish which criteria of service, serve-receptions, and set determine setting efficacy at the highest level of male volleyball.

First, in order to know the validity of the sample, the TG was applied. The results obtained showed that the criteria used in the category system were valid. The TG has been applied in other works, in different sports, obtaining results similar to those of the present study regarding the validity of the category system (Montoro-Escaño and Hernández-Mendo, 2014; Miranda et al., 2019; Vázquez-Diz et al., 2019).

Of all the initially considered criteria, including those related to serving, serve-reception, and set, only those related to serve-reception and setting determined setting efficacy, that is, only the criteria directly related to the set (previous action and the action itself). None of the serving criteria determined this efficacy. The high and similar level of play across the sample of our study may be one of the reasons why no criteria of this action determined the setting efficacy.

We found that poor serve-receptions influenced subsequent sets. More precisely, we found that poor reception efficacy was associated with a decrease in setting efficacy. There were a greater number of non-precise setting actions following poor receptions. Our results therefore demonstrate that the quality of serve-reception is an important factor for a team’s success (Peña et al., 2013; Paulo et al., 2016). It is necessary to continue in-depth study of the intermediate actions and their relationships with the rest of the game actions. Indeed, reception has been shown to influence both the organisation of the attack, via the set (Joao et al., 2010), and its quality (Afonso et al., 2010). Thus, a negative reception performance can influence the performance of the setter and, consequently, affect the team’s offensive organisation (Bergeles and Nikolaidou, 2011). Therefore, it is necessary for the receiving players to perform specific reception exercises, in order to achieve quality receptions. In this regard, a work in which the same sample was considered that the one analysed in the present study (González-Silva et al., in press) showed that variables such as the previous displacement of the receiver, reception technique and receiver position acted as predictors of reception efficacy. Therefore, these variables could be taken into account in training tasks. Optimum reception efficacy will have a positive influence on the set and, therefore, on the organisation of the attack.

With regard to the setting zone, our results showed that setting efficacy was reduced, with more good settings than perfect settings after sets from acceptable and non-acceptable zones. These results are in line with those found by Afonso et al. (2010), where, in the case of sets from a non-acceptable zone, the subsequent sets were not perfect. Setting zone is related to setting efficacy (Silva et al., 2013) and determines the efficacy and timing of an attack (Afonso et al., 2010). Studies such as that of Silva et al. (2016) show that the sixth rotation discriminates victory. In this rotation, the setter is located near the ideal setting position where it will be possible to perform quickly, thus increasing setting efficacy (González-Silva et al., 2016). These results show the need to reproduce “out of the system” in the training situations so that the setting efficacy is not influenced by the area of arrival of the ball.

The type of set also determined setting efficacy: prior jumping sets increased setting efficacy, decreasing the number of good setting actions relative to perfect setting actions. These results are consistent with those of Palao and Martínez (2013), who showed that the use of jump sets by teams of an international level produced an increase in setting efficacy. The higher level of play in these categories makes the use of jump sets common (Palao and Ahrabi-Fard, 2014). With this action, the setters try to deceive their opponents (Mesquita and Graça, 2002) by reducing the cues that the setter gives to the rivals, reducing the flight time of the ball (Buscà and Febrer, 2012) and providing better conditions for the attack (Palao and Ahrabi-Fard, 2014). This implies that jump sets increase the speed of the game, as well as the attack efficacy, and the efficacy of the action (Palao and Echeverría, 2008). Finally, concerning the set’s area and the set tempo, perfect settings were associated with a faster tempo and more balls being sent to zones three and pipe, compared to non-precise and good setting. Attacks in these zones and at fast times increase the options of obtaining points and limit the defence (Castro et al., 2011). It is therefore advisable that, in training, setters acquire the ability to play quickly as well as with variability concerning the set’s area (Ramos et al., 2017). Therefore, whenever conditions permit, it is preferable to perform jump sets, which increase the speed of play. Likewise, it is advisable to make the settings quickly, as the increase in the speed of the game will allow the attackers to carry out their attacks against a smaller number of rival players in the blockade, thereby favoring gaining a point.

As for the limitations of the study, despite the fact that the study was limited to the 12 best teams in the championship, the quality of the opponent was not taken into account. In the future, these criteria should be considered, as well as other contextual criteria, which provide detailed information of the game context. In addition, in future research, we intend to investigate new statistical tests such as the analysis of social networks.



CONCLUSION

At the highest level of male volleyball, considering criteria of actions prior to the set (serve and reception) and of the set itself, only criteria related to reception (reception efficacy) and set (setting zone, type of set, a set’s area, and set tempo) determined setting efficacy. None of the service-related criteria were found to be determinants.

The continuous search for improvement in all game actions at this level of volleyball means that the differences between some teams may be minute. Consequently, the appraisal of the criteria that affect the performance of actions is of vital importance to teams. To improve the performance of the setting action, coaches should consider the influence of criteria of preceding actions (reception efficacy) in addition to criteria related to space, speed, and setting technique. Moreover, it would be advisable not to train only “in the system” but also situations “out of the system” with the aim of achieving some independence between actions, that is, the setter manages to perform assignments efficiently and in specific areas, independently of the conditions in which the ball arrives. Specifically, receivers need to increase reception efficacy in order to ensure that a greater number of balls reach the ideal sets area and to avoid negatively affecting the set. Our results also suggest that setters should make as many jumps sets as possible and be variable concerning the set’s area and the set tempo, preferably making a quick play.
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The objective of this study was to examine the effect of the situational match status variable on the ball possession of the teams that participated in the 2015 FIFA Women’s World Cup. The 52 games played during the championship have been collected, and 3,740 ball possessions made by the teams were analyzed. The teams have been divided into successful and unsuccessful. Three types of analysis have been carried out: a univariate analysis for both groups with the categorical and continuous variables selected; a bivariate analysis, using chi-square tests and the exact Fischer test; and finally, a multivariable technique such as the decision trees was incorporated. The available results show significant differences between the two groups considered. Specifically, there are significant differences between winning and losing teams in terms of match status. The results of the post hoc test have shown that unsuccessful teams make few ball possessions with a winning match status, most of the possessions are performed when they are losing. Instead, successful teams make more possessions when they are winning than when they are losing. Also, spend more time keeping the ball in their offensive zone, and completing a greater number of passes in it. The results of the decision tree identified that the unsuccessful teams have more ball possessions in forward and middle lines with a draw during the first half, while in the second, a large percentage of possessions are made with an unfavorable match status. Instead, the successful teams have more ball possessions in the first part with a draw, while in the second it happens with a favorable match status.

Keywords: women’s football, performance analysis, ball possession, decision trees, match status, situational variables


INTRODUCTION

The analysis of performance in men’s football is currently in an era of expansion, both quantitatively and qualitatively, as far as studies are concerned. Finding the routes or paths that help maximize the chances of a team’s success must be one of the highest aspirations of scientific research. Unlike other sports such as basketball or handball, football is a sport that is characterized by a low score on the scoreboard (Tenga et al., 2010). The study of different situational variables in football can help increase the number of goals and the success of the teams.

It has been shown that the behaviors carried out by male soccer players during matches are affected by situational variables such as match location, match status, and opposition quality (Taylor et al., 2008; Lago-Peñas, 2009; Mackenzie and Cushion, 2013; García-Rubio et al., 2015; Liu et al., 2015; Sarmento et al., 2017).

One of the situational variables analyzed in high performance football is match status (wining, drawing, or losing). The match status of a game is determined by the momentary result of the match at the time a behavior is recorded (Bloomfield et al., 2005). The effect of this situational variable in the game is manifested in the changes in the behavior of players and teams in response to the demands of the scoreboard.

These behavior changes influenced by match status affect different levels of performance. On a physical level, it has been shown that male soccer players of high performance teams perform significantly less high intensity activities when they are winning than when they are losing or drawing (Bloomfield et al., 2005; Lago et al., 2010; Castellano et al., 2011; Lago-Peñas, 2012). Some of the possible explanations of this behavior are that the players manage their physical abilities during the matches, and do not always use their maximum physical capacity during the confrontation. Lago-Peñas (2012), states that winning on the scoreboard is a comfortable state for a team, and it is possible for players to assume a ball retention strategy and slow down the game at lower speeds. On the other hand, when the result is losing, players try to achieve greater physical performance to tie or win.

At the tactical level there are also outstanding results regarding the possession of the ball. Taking the variable “ball possession” in isolation, preliminary studies have shown that the best teams maintained a higher percentage of ball possession during the matches, and that their game pattern was more stable (Lago-Peñas and Dellal, 2010). In addition, the local teams have more possession than the visiting teams (Lago and Martín, 2007), and the ball possession time is greater in the first part in the successful teams (Casal et al., 2017). In addition, the local teams have more ball possession than the visiting teams (Lago and Martín, 2007), and the ball possession time is greater in the first half of the match in successful teams (Casal et al., 2017). It has also been found that successful teams have significantly longer ball possessions than unsuccessful ones (Jones et al., 2004), and that the former maintain this ball possession in the mid-offensive zone, while the unsuccessful ones kept it in the middle defensive zone. The study of Amatria et al. (2019b), finds significant results that relate a high elaboration of possession (number of passes), with shooting actions (p < 0.043) and sendings to the area (p < 0.000). In addition, it also finds significant results that relate the ball possessions that begin in the own team’s field with goal actions (p < 0.023) and shot to goal (p < 0.000). Finally, Casal et al. (2017), collect that the probability of winning increases 1.72 times when the possession of the ball is done in the middle offensive zone.

There is much debate in scientific literature trying to relate the possession of the ball with match status. Different studies show changes in the behavior of the teams in response to the demands of the scoreboard. On the one hand, the works of Jones et al. (2004), Lago and Martín (2007), Lago-Peñas (2009), Lago-Peñas and Dellal (2010), and Barreira et al. (2011), collect that the teams that are losing on the scoreboard have longer possession periods, specifically every 11 min that the team is losing, increases its possession by 1%. Bradley et al. (2013), perform a simulation of possession, and affirm that if a team had a losing score (match status) during the 90 min of the match, the estimate of possession would be 66.97%, while if it were winning it would be 59.77%.

In contrast, the studies by Bloomfield et al. (2005), Taylor et al. (2008), and Casal et al. (2017) disagree with these results, and affirm that the longest possession time is carried out by the teams that are winning. Some of the possible causes of these differences could lie in the different playstyles of the teams and the type of competition (league championships and championships based on qualifiers).

Regarding the area of ball possession in relation to the match status, Lago-Peñas (2009) and Barreira et al. (2011) state that with a winning match status, teams have more possession in defensive zones, and a losing match status increases possession in the offensive third of the field. Almeida et al. (2014), and Santos et al. (2017) confirm that unsuccessful teams defend in more advanced areas of the field. On the other hand, the study of Casal et al. (2019), differentiate between successful and unsuccessful teams in the UEFA Euro 2016, and the duration of the ball possessions. They observe that unsuccessful teams have longer possessions when they are losing on the scoreboard, while in the successful teams the match status variable does not influence the ball possession time. In addition, at a predictive level they found that, in the case of successful teams, longer possessions in the offensive zone with the score in favor are performed and, in the defensive zone with a draw score. For teams that do not succeed, the possessions will be longer in the defensive zone with a draw score.

In view of the data, it is possible to verify that the situational match status variable modifies the behavior carried out by the male soccer teams during competitions. On the other hand, this variable has not yet been verified in women’s football. Therefore, the objective of this study was to know the behavior of the match status variable and how it modulates the possession of the ball in high level women’s football. For this, three types of analysis were carried out: first, a univariate analysis with the categorical and continuous variables selected; secondly, through chi-square tests and Fischer’s exact test, the aim was to study the relationship between the variables described, taking as reference the match status variable; finally, a multivariable technique based on decision trees was incorporated, proposing different success models.



MATERIALS AND METHODS


Design

Among the possible designs that observational methodology can present, a nomothetic, intersessional follow-up and multidimensional design was applied (Anguera, 1979). The systematic observation carried out has been non-participant and active, using an observational sampling “all occurrence.”



Sampling

In order to control the situational variables that could be affected by the match status between successful and unsuccessful teams, all matches corresponding to the FIFA Women’s World Cup 2015 have been analyzed. In this study, the unit of analysis is ball possession in high level football. Encounters were recorded from public images broadcasted on television, and through a post-event record, thus ensuring respect for behavior spontaneity, as well as the registration in its natural environment. According to the National Commission for the Proptection of Human Subjects of Biomedicaland Behavioral Research (1978) the use of public images for research purposes does not require consent.

The observation sample was a convenience sample (Anguera et al., 2001). Three thousand seven hundred and forty events have been collected corresponding to the observation of the 52 games that make up the world championship, specifically the group stage, round of 16, quarterfinals, semifinals, and the final. Of the total events, 780 have been discarded, corresponding to possessions that have ended in a draw. These matches are disputed in the direct elimination mode, which causes both teams to need offensive attack procedures to achieve a positive result.



Observational Instrument

Three national football coaches and football research experts designed an ad hoc observation instrument, consisting of a combination of field format and category system, as proposed by Anguera et al. (2018). The proposed observation instrument can be consulted in Table 1.


TABLE 1. Dimensions that are part of the ad hoc instrument and derived category systems.

[image: Table 1]


Data Notation

For criteria selection, different variables have been proposed empirically compared in previous works. The category definition for the Interaction Context (COI) variable can be consulted in Castellano (2000) and Castellano and Hernández-Mendo (2003). For the coding and registration of the Possession Zone and Match Outcome variables, the criteria proposed by Casal et al. (2017) were used. Regarding the match status variable, the proposal of Lago-Peñas and Dellal, 2010 has been used. For the registration and coding of the Move outcome variable, a modification of the proposal of Maneiro and Amatria (2018) and Maneiro et al. (2019a) has been made. Finally, the criteria used for the division of teams into two groups, successful and unsuccessful, has been the match outcome (win or lose), following the proposal of Lago et al. (2010) and Casal et al. (2017). In this way, all teams that won their matches were classified as successful and the teams that lost their matches as unsuccessful.



Procedure

There were four observers selected for data collection, three of them being PhDs in Physical Activity and Sports Sciences, national football coaches and with more than 5 years of experience in the use and application of observational methodology. In addition, one of the authors is a methodologist and expert in observational methodology, with years of experience and relevant publications in the field (Losada and Manolov, 2015).

Prior to the coding process, the observers were trained during eight training sessions (Manolov and Losada, 2017.), applying the consensual agreement criterion among observers and they were provided with a specifically designed observation protocol. Data quality control was carried out using the IBM SPSS Statistics 25 program by means of an interobserver concordance analysis by Cohen’s (1960) Kappa coefficient for each of the criteria, the overall value being very good (0.83) according to the scales of Fleiss et al. (2003). For the rest of the analysis, the Compare Groups library of the R program version 3.4.2 was used.



Statistic Analysis

To make the comparison between the “successful” and “not successful” groups in the women’s football teams, a first univariate analysis is started with the selected categorical variables, Half.time, Start.form, COI, Intention, ZC and Move.outcome, and the continuous MD, MO, Time.possession (in seconds) and pass (Tables 2, 4). To differentiate the groups “success” and “not success,” we used the variable Final.score, which has three categories w (victory), d (draw), and l (defeat). Of these, w (victory) was used to classify “successful” teams, and l (defeat) to classify “not successful” teams. It was checked if continuous variables followed a normal distribution, with the application of the Shapiro–Wilks test.


TABLE 2. Summary of results by groups of “match status.”

[image: Table 2]Subsequently, a bivariate study was carried out, by groups, to find out the relationship between the variables described above, taking Match.status as a reference variable. For the set of categorical variables, chi-square tests or Fisher’s exact test were applied as necessary. The analysis was complemented by calculating its frequencies and corresponding percentage. In the case of the continuous variable, the median and values of Q1 and Q3 were calculated (Tables 3, 5). For continuous variables, time was collected in seconds.


TABLE 3. Bivariate descriptive summary with the variable “Match.status” as reference and the rest of the significant variables, in unsuccessful teams.

[image: Table 3]Comparisons between pairs were studied applying post hoc tests, following a methodology described by Benjamini and Hochberg (1995).

As a final analysis, a multivariable technique based on decision trees was incorporated (Figures 1, 2). It is a non-parametric approach, that is, without supposed distributions. It has an easy control of lost values, and strongly asymmetric data without the need to resort to data transformation. It is a robust analysis of outliers and, in addition, allows the analysis of sequential decisions based on the use of associated probabilities. For this, the chi-square automatic interaction detector (CHAID) was used as a growth method, which consists of a statistical and multidirectional tree algorithm that scans data quickly and efficiently, and creates segments and profiles compared to the desired result. In each step, CHAID chooses the predictor variable that presents the strongest interaction with the explained variable (Maneiro et al., 2019c). The categories of each predictor merge if they are not significantly different from the predictive variable.
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FIGURE 1. Decision tree: unsuccessful teams graph.
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FIGURE 2. Decision tree: successful teams graph.




RESULTS

The analysis begins with a study in non-successful teams, to select those variables that show differences comparing to the variable “Match.status” in unsuccessful teams. In this case, variables that show significance are: “Half.time,” with p < 0.001 and “Intention” with p < 0.001 (Table 2).

The variables “MD,” “MO,” “Time.possession” and “Pass,” showed a p-value <0.001 in the Shapiro–Wilks test, indicating that they do not follow a normal distribution.

Secondly, the Pearson’s chi-squared test was carried out to find out if there are significant differences in ball possession between successful (n = 1,730) and unsuccessful (n = 1,230) teams. In this case, results show that there are significant differences (p ≤ 0.000) between both groups considered.

In the bivariate study, for the “unsuccessful” teams, the criterion variable Match.status has been taken as a reference, given the relevance observed in other studies. As remarkable results we can see that the Half.time variable shows significant differences between the categories ft and st (<0.001). These differences are observed between the pairs “lose–draw” (0.001), and “lose–win” (0.001). In the Start.form and COI variable, no significant differences were observed. Significant differences exist in the Intention variable (<0.001), found in the pair “draw–lose” (0.001). In applied terms, Match status significantly influences half.time and tactical intent. In the case of MD, MO, ZC, Time.possession, Pass and Move.outcome variables, no significant differences were found for the levels of the Match.status category (Table 3).

Finally, a multivariate analysis was carried out using decision trees for unsuccessful and successful teams, where all study variables were included (Figure 1).

The result obtained for unsuccessful teams was collected in the theoretical tree:

[1] root

|  [2] Half.time in ft

|  |  [3] COI in AA, AM, AR, MA, MM, MR, PA: dr (n = 514, err = 38.9%)

|  |  [4] COI in RA, RM: ls (n = 100, err = 44.0%)

|  [5] Half.time in st: ls (n = 616, err = 17.2%)

Number of inner nodes: 2

Number of terminal nodes: 3

The first root node Half.time has two possibilities. The first is the category ft the algorithm includes a second node formed by the COI variable. This in turn is divided into two terminal nodes. In a sample of 514 possessions, and with a 38.9% error, with a draw marker (60% of the chances of having the ball), they have possession of the ball in the middle (MA, MM, and MR) and forward (AA, AM, and AR) field lines.

A second terminal node, with a sample of 100 possessions, and with an error of 44%, with an unfavorable match state, the possessions of the ball are recorded mainly in the delayed lines (RA and RM). During the second half, teams have more ball possessions with an unfavorable score (almost 80%).

The second category st derived from the first root node Half.time collects a single terminal node, where with a sample of 616 moves and an error of 17.2%. More than 80% of possessions, teams operations with the state of the game losing.

In the case of successful teams in women’s football, the analysis begins with a study to select those variables that show differences with respect to the variable “Match.status” in successful teams. In this case, the variables that show significance are: “Half.time,” with p < 0.001, “MO,” with p < 0.001, the “ZC” with a p = 0.003 and finally, the “pass” with a p = 0.017 (Table 4).


TABLE 4. Summary of results by groups of ‘Match.status.’

[image: Table 4]In the “successful” female group, a Shapiro–Wilks was applied to the continuous variables “MD,” “MO,” “Time.possession” and “Pass” and a p-value <0.001 was obtained, confirming the lack of adjustment to normal distribution.

In the bivariate study, for the “successful” teams, as significant results in the variable Half.time significant differences (<0.001) exist, identified in the pairs draw–win (0.001) and lose–win (0.010). The MO variable presents significant differences (<0.001) and is manifested in the draw–win (<0.001), and lose–win (0.010) pairs. The ZC variable shows significant differences (0.003) and is found in the draw–win pair (0.007). The variable PASS presents a significant relationship (0.017), pertaining to the draw–win pair (0.041). In applied terms, it is possible to mention that the match status influences the ball possessions according to the match half (half.time), the zone of possession and the number of passes made.

Finally, the variables, “Start.form,” “COI,” “MD,” “MO,” “ZC,” “Time.possession,” “Pass,” and “Move.outcome” do not show significant differences between groups (Table 5).


TABLE 5. Bivariate descriptive summary with the variable “Match.status” as reference and the rest of the significant variables, in successful teams.

[image: Table 5]In the case of successful teams, the theoretical tree was the following (Figure 2):

[1] root

|  [2] Half.time in ft: dr (n = 945, err = 38.5%)

|  [3] Half.time in st: wn (n = 785, err = 25.5%)

Number of inner nodes: 1

Number of terminal nodes: 2

The first root node Half.time, presents two possible nodes. The first is the category ft that, with 945 cases analyzed, and with an error of 38.5% is a terminal node and shows that during the first half they have more ball possessions than in the second half. In addition, 60% of possessions occur with the match status tying, and 40% winning. A second terminal node, configured by the st category, where 785 plays have been registered with an error of 25.5%, shows that successful teams make more than 75% of possessions with the winning match status, and only 25% drawing.



DISCUSSION

The present work was proposed with the objective of knowing the behavior of the match status variable and how it modulates the behavior of certain variables or behaviors in successful and unsuccessful teams in women’s football. For this, the FIFA Women’s World Cup 2015 has been analyzed, where the most representative and highest quality teams and players have met. The main novelties or contributions of this work could be summarized in two: the study and analysis of a sport still lacking robust scientific literature, such as women’s football; and a new multivariate technique in the world of football research, such as decision trees, has been put to the test (Maneiro et al., 2019c).

A first general approach, the available results allow us to think that significant differences exist between successful and unsuccessful teams regarding the “match status” variable in the three analysis performed. To facilitate the understanding and interpretation of this section, the results discussion will be presented respecting the order of appearance of the statistical techniques used.

At the univariate level, it is possible to mention that the match status modifies the ball possessions depending on the match half (half.time) in unsuccessful teams (Table 2). This result can be interesting, since knowing in what part of the field produces an imbalance in the scoreboard (a goal) can provide information to the teams when it comes to managing ball possession. This same result was also corroborated for the successful or winning teams (Table 4). The strength of the significance of this variable for both groups of teams (<0.001), suggests that ball possessions based on half.time are significantly influenced by match status. This result corroborates the previous study by Kirkendall et al. (2002) and Casal et al. (2017).

Although no significant results were found in terms of the beginning of the possession of the ball, there was a clear tendency to recover the ball by means of transition and not through set pieces. This result is in the line of previous works (Kirkendall et al., 2002), which state that 62% of ball possessions that end in goal are after a recovery in transition.

On the other hand, the results suggest that the tactical intention to progress or preserve is also significantly influenced by the match status in unsuccessful teams. This is something of value from a tactical point of view, because one of the most important decisions that teams must make when recovering the ball is whether to keep the same, by means of a gradual construction of the attack, or to progress directly toward the rival goal (Casal et al., 2017; Amatria et al., 2019a). As long as they opt for one option or another, in unsuccessful teams this will have a very important impact on the ball possession depending on whether it is winning, drawing, or losing.

As for successful teams, in addition to the variable “Half time,” there are three variables that have a statistically significant relationship with the match status variable: “MO,” “ZC,” and “Pass.” The match status can explain that successful teams have a greater number of ball possessions during the match, and they spend more time keeping the ball in their offensive zone than in the defensive zone, in general, and completing a greater number of passes in it. These results contradict the study of Paixão et al. (2015), who find that the successful teams in men’s football use longer pass sequences when they are losing; and the study by Casal et al. (2019), states that the match status variable does not modify the behavior of successful teams in high-level men’s football. On the other hand, it corroborates the study by Jones et al. (2004) on successful teams and ball possession.

In practical terms, the zone of possession is more important than possession by itself. In this case, that successful teams maintain possession in the opponent’s field presents a possible triple benefit: on the offensive level, it places the attacking team in areas close to the opponent’s goal, thus creating shooting possibilities on goal (Collet, 2013); and on a defensive level, Almeida et al. (2014) report that the best teams in football defend away from their own goal and close to a rival goal. On the other hand, it is important to remember that the teams that maintain possession in the offensive zone, increase the probability of winning by 1.72 times (Casal et al., 2017). It is likely that in this case successful teams in men’s football and women’s football share this same tactical behavior.

At the applied level, possession in the opponent’s field also presents two possible tactical interpretations that teams can take into account: first, a style of play based on possession in offensive zones allows better management of individual and collective efforts, and also allows to be close to the rival goal. On the other hand, the abuse and overuse of the possession resource in the opponent’s field can cause a reduction of the spaces between the different lines and between the different rival players, something potentially damaging to the interests of the attacking team, which can be found with multiple elements (rival players) in a very short space-time, which can limit the creativity of the most talented players. Talent needs space-time to express itself, for that reason constant ball possession in a opponent’s field could compress and reduce this aspect. Although this has hardly been studied in male football, spatio-temporal management is a fundamental aspect in sports of collective, complex and semi-chaotic nature such as football. Theoretical studies have begun to emphasize this aspect in collective sports (Araújo and Davids, 2016).

Finally, the number of passes in ball possession has also been erected as a variable that is modulated by the match status. The elaboration degree of possession has been significant in winning teams. The match status can explain that successful teams make a greater or smaller number of passes in their ball possessions depending on whether they are winning or losing. This result refutes the one found by Paixão et al. (2015), and corroborates that of Amatria et al. (2019b), which affirm that successful teams have higher elaboration levels (number of passes). This may be due to the creativity and talent of players, where high levels of elaboration create uncertainty in the rival’s defense, while feeding back their own potentialities. Another possible explanation, making a transfer of male to female football, is found in the work of Casal et al. (2017), which show that higher-level teams have longer possessions, and also the odds of winning a match is 44.25% with possession in the middle offensive zone.

Consequently, possible higher degree of elaboration. Other authors argue that it is due to the style of play implemented (Clemente, 2018). Grund (2012), in a study on male football in the Premier League, observed that the greater the number of passes, the greater the chances of scoring a goal, specifically 20% more.

Secondly, the bivariate analysis has confirmed that winning or successful teams perform significantly more possessions of the ball than unsuccessful or loser teams. These results seem to coincide with previous studies in men’s football (Casal et al., 2017; Amatria et al., 2019a), although the results should still be taken with caution since the results are still inconclusive (Jones et al., 2004; Lago et al., 2010).

The bivariate analysis has also allowed to extract information about the variables considered for ball possession and how they are modified by match status. In view of the results in Table 3, the losing or unsuccessful teams make very few ball possessions when the match status is winning (n = 36). In contrast, a large majority of possessions of these teams are made with the match status losing (n = 740). It is not possible to discuss these results with men’s football, because the unsuccessful-match status interaction has not been studied. Instead, one possible explanation may lie in the low quality of the losing teams regarding the winning teams, which make them fit goals easily and find themselves most of the time losing in the partial score.

Regarding the variables that explain match status, the post hoc test allowed us to measure the difference between pairs and thus compare where significant differences exist. As regards unsuccessful teams, there have been two significant variables: “half time” and “intention.” With respect to “half time,” significant differences appear between the draw vs. lose (<0.001) and the lose vs. win (<0.001) results. In the first half time, unsuccessful teams produce a greater number of possessions with the result of a draw (77.8%), while in the second half time greater possessions are produced while losing (68.9%). In other words, the match status may explain that teams that do not succeed accumulate their ball possessions in situations in which they are drawing, especially in the first half, and losing, especially in the second half. Although the absence of works on women’s football does not allow these findings to be discussed, similar results are found with respect to men’s football (Lago and Martín, 2007; Lago-Peñas, 2009). The explanations are multifactorial: from the style of play adopted by the team, which may vary depending on the match status; or possibly it is due to the tactical contingencies proper to the game, where the losing team needs the possession of the ball to be able to draw or win, since the score is against them. On the other hand, as regards the lose vs. win differences, the few ball possessions that unsuccessful teams make with the match status (match status) winning (n = 36), are produced in the first half. In contrast, in the second half, most of the possessions are made while losing. When a goal is scored and a favorable score is produced, they can not be consistent and maintain the result. A possible explanation for this behavior lies in the low quality of players, which causes the inability of unsuccessful teams to maintain a favorable result. Other possible causes lie in the physical and mental fatigue of the second half, or the style of play.

On the other hand, the match status also modulates the “intention” variable. A first interpretation of the results (Table 3) is that regardless of match status (winning, drawing, or losing), unsuccessful female teams opt for an intention to progress (Maneiro et al., 2019b), to the detriment of keeping or speculating with possession of the ball. This confirms a clear offensive and attacking will. These results disagree with those of Fernández-Navarro et al. (2018). Match status can also explain the intention of unsuccessful teams to progress more than to maintain possession of the ball. This is a congruent behavior, since with the scoreboard drawing or losing, unsuccessful teams must deploy offensive tactical progression to win the game. On the other hand, the post hoc test allowed us to compare the significant differences between the “draw vs. lose” pairs with respect to the “intention” variable. Losing teams are drawing in the first half, and losing in the second.

Regarding successful or winner teams, in view of the results of Table 5, a first reading is that ball possessions are never made with the match status losing (n = 28), while a large majority are made while winning (n = 931). These results disagree with those of Lago and Martín (2007) and Lago-Peñas (2009) in men’s football, although these studies do not differentiate between successful and unsuccessful at the end of the game. A possible explanation could be found in the great difference between the best and worst teams. The teams of more level and quality have greater facility to reach a favorable scoreboard than teams of lower level, and this makes most of the possessions coincide with a favorable score. A possible explanation could be found again in that best players compete in the best selections and are concentrated in specific countries.

Regarding the differences between pairs (Table 5), the post hoc test allowed to know that the “Half.time” is modulated by match status (p < 0.001), specifically in the draw vs. win (p < 0.001) and lose vs. win (p = 0.010) pairs. For the draw vs. win pair, successful teams perform a large part of the possessions with a draw score in the first half (75% possessions in a draw), while the main differences are in the second half, where almost 63% of ball possessions occur while winning, corroborating the work of Casal et al. (2019). These results could in turn explain the pair lose vs. win (p = 0.010), where successful teams always have better results in the second half. Some of the possible explanations are again the player quality of the best teams. In the first half, the talent and creativity of the best players and teams is matched by those of the worst teams thanks to some aspects such as physical effort, motivation, order, and match tactics. These abilities, applied with concentration and criteria, can allow to equate and compete against the best teams in the first half. On the other hand, the physical and mental fatigue of the second part does not allow to maintain these high physical and tactical standards, so the quality and talent of the best players and teams is decisive.

On the other hand, the numerical variable “MO” has been significant, specifically in the draw vs. win (p < 0.001) and lose vs. win (p = 0.010) pairs, which indicates that the match status may explain that successful teams maintain the ball more time in the mid-offensive zone (opponent’s field), and also in situations where they are drawing in comparison with winning in the first half, and winning in comparison with losing, in the second half. This may be due to the tactical and speculative management of possession, using the ball as a mechanism to avoid being attacked by the rival team. Also, during the first half they need ball possession because they are not yet winning, and during the second half, the longest possession time coincide with a favorable scoreboard. On the other hand, it should be taken into account that according to various studies, 74% of women’s football possessions begin in the offensive sector; and that ball possession in this offensive zone is a predictor of success (Kirkendall et al., 2002; Casal et al., 2019, respectively).

The categorical variable “ZC” has been significant in the draw vs. win (0.007) pair. Specifically, successful teams, with match status drawing, carry out a possession without prioritizing their own or opponent’s field (51.4% −48.6%). On the other hand, when successful teams pass from drawing to winning in match status, these differences are significantly increased in favor of the opponent’s field (58.9% −41.1%). One of the possible reasons may lie in the game style (Lago-Peñas, 2009) of teams. Another possible explanation, as mentioned above, could lie in the space-time needs (Pan et al., 2012) of players in their relationship with teammates and the ball.

Considering the principle of space-time as a vital necessity for the development of a successful possession of the ball, and that this principle can be reduced by the rival’s tactics, it is possible to affirm that possession of the ball with the intention of attacking may require its development in own field, and that possession of a ball with a defensive character may develop in a opponent’s field. In the first case, it aims to provoke the appearance of spaces behind the rival team. In the second case, the rival team is kept away from own goal. Therefore, the zone of ball possession does not indicate by itself the intentionality of the game, but rather it is the very purpose of possession that indicates what objectives it pursues. In short, ball possession in one’s own field or opponent’s field can serve as an instrument of deception and theatricality, inducing false leads to the rival team and camouflaging the true tactical intentionality.

Finally, the results are presented after the application of two decision trees (Figures 1, 2). With respect to the objectives of the study, it is possible to affirm that at quantitative level, the number of ball possessions does not vary between the first and the second part. On the other hand, there are significant differences between the lines of the team that perform the ball possession. More concretely, unsuccessful teams with a draw marker (60% of the possibilities that they would have the ball), have the possession of the ball in the middle (MA, MM, and MR) and forward (AA, AM, and AR) lines of the field. Whereas with an unfavorable match status, the ball possessions are registered mainly in the delayed lines (RA and RM). During the second half, teams have more ball possessions with an unfavorable score (almost 80%).

One possible explanation is that the matches start with a draw and it is logical that there are more possessions with the match status in a draw. In addition, possession of the ball is done by the offensive and middle lines, indicating the offensive and attacking will of the unsuccessful teams in the first half. In contrast, it is possible to observe how in the second part of the match, and with the unfavorable result, the interaction contexts are not significant. This could be due to the physical wear and tear of losing teams, which are not able to maintain possession in advanced or offensive lines. Despite the absence of multivariate work to discuss these findings, the work of Kirkendall (2007), highlighted the physical difference between players. From this work, we also highlight the tactical and technical difference between the best and worst teams of the FIFA Women’s World Cup 2015. These teams must improve their vision of the game, choose appropriate tactics for their interests and significantly increase their sports performance.

As regards successful teams (Figure 2), they present quantitatively greater number of ball possessions in the first half than in the second half. In addition, 60% of the possessions during the first half are made with the score in a draw, and 40% with the favorable score. Meanwhile, in the second half, teams make more than 75% of the ball possessions with the score winning. At the applied level, these results are antagonistic with respect to the losing teams. Again, it is plausible to think that winning teams have greater physical, technical and tactical skills than losing teams. In addition, they manage to maintain high performance standards during both parts of the match.



CONCLUSION

The present study was intended to achieve a deeper knowledge, and with the adequate methodological and scientific support, on women’s football. For this, the variable “match status” has been taken as a reference variable, given its importance in scientific literature. It has sought to identify, characterize and differentiate different ball possessions between successful and unsuccessful teams of the past FIFA Women’s World Cup 2015. First, it has been shown that the number of ball possessions is a variable that presents differences statistically significant between successful and unsuccessful teams, and that this possession is strongly conditioned by the match status. The results have also shown significant differences between both groups of teams. Specifically, there are significant differences between winning and losing teams in terms of match status. Losing teams have more ball possessions in forward and middle lines with a draw during the first half, while in the second, a large percentage of possessions are made with an unfavorable match status. Instead, the successful teams have more ball possessions in the first part with a draw, while in the second it happens with a favorable match status.

Beyond these conclusions, women’s football is a phenomenon that is currently unstoppable and that is experiencing a great growth in recent years. This is allowing in turn to make women’s sport visible, to provide it with a professional structure and to propose tools and mobilize resources for its development. Therefore, it is essential that future research proposals revolve around this football, thus providing tools and scientific resources to coaches and players.
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The analysis of variability in sport has shown significant growth in recent years. Also, the study of space management in the game field has not been object of research yet. The present study pretends to describe the variability in the use of strategic space in high performance football. To do this, the spatial management of the Spanish men’s soccer team when it is in possession of the ball has been analyzed, during its participation in the UEFA Euro 2012 championship. Specifically, 6861 events have been collected and analyzed. Different zoning of the field have been used, and the location of the ball has been recorded in each offensive action. Using the observational methodology as a methodological filter, two types of analysis have been carried out: first, a General Linear Model was implemented to know the variability of the strategic space. Models with two, three, four and five variables have been tested. In order to estimate the degree of accuracy and generalization of the data obtained, the Generalizability Theory was implemented. Next, and in order to estimate the degree of accuracy and generalization of the data obtained, the Generalizability Theory was implemented. The results showed that the model that produces greater variability and better explanation is the four-variable model (P = 0.019; r2 = 0.838), with the inclusion of the variables match half, rival, move initiation zone and move conclusion zone. Next, an optimization plan was implemented to know the degree of generalization with the Rival, Start Zone (SZ) and Conclusion Zone (CZ) facets. The available results indicate that it is based on an adequate research design in terms of the number of observations. The results of the present study could have a double practical application. On the one hand, the inclusion of the game’s space management in training sessions will potentially conceal the true tactical intention. On the other hand, knowing the variability of the strategic space will allow to exploit areas of the optimal playing field to attack the rival team.

Keywords: game space, variability, generalizability theory, football, high performance, soccer


INTRODUCTION

Human behavior is inherently variable. From the evolutionary point of view, each individual is different in terms of genetic inheritance, previous experience and environmental factors (Polderman et al., 2015). These differences determine how each person observes and interacts with the surrounding environment.

Phylogenetically, any human being needs to be able to react adequately to the environmental changes that occur in their habitat. The existence of behavioral variability makes it possible to adapt to these changes (Veá, 1990). Duarte et al. (2012), named as interindividual variability. Interindividual variability is defined as the diversity presented by individuals of the same population in a given situation and at a given time, and which also produces a continuous supply of new solutions to behavioral challenges in front of other groups. On the other hand, Saw et al. (2016), define intra-individual variability as the differentiation of human behavior and responses to the same situation.

Interindividual variability is present in any complex system of nature. In microbiology, an example of adaptation to the environment is that of the amoeba dictyostelium. This amoeba, in a hostile environment with a low amount of nutrients, reproduces adaptive mechanisms of social cooperation and behavioral variability. It goes from an individual state to a socialized state, adapting to the environment and adopting a multicellular structure behavior until the environment becomes favorable again, recovering its individual state (Flowers et al., 2010). This ability to adapt, based on creative behaviors in response to newly encountered problems, will reduce the uncertainty, favoring the individual’s adaptation to the environment in which they live, creating a functional specialization (Wilson and Wilson, 2007).

From the point of view of the ecological dynamics of team sports, the environment in which many sporting events occur is also chaotic and unpredictable. It must be taken into account that each sporting event, each match or episode of confrontation in the area of sports is unique and unrepeatable. There are no two equal matches, nor two identical competitions. Therefore, the flexibilization of motor, technical, tactical and strategic behaviors, concretized in a wide inter and intra-individual variability (Moura et al., 2013; Casal et al., 2016; Maneiro et al., 2019b), will allow the emergence of solutions to changing and unpredictable environmental problems. Adaptation to the environment is essential (Seifert et al., 2016).

Despite its importance, studies on the analysis of variability in sports science seem scarce. Recent works have focused their efforts on measuring heart rate variability in competition (Moreno et al., 2013), in collective sports such as basketball (Bourbousson et al., 2010) or handball (Wagner et al., 2012). As well as in individual sports such as horse riding (Schmidt et al., 2010), cycling (Stanley et al., 2013) and athletics (Cazzola et al., 2016).

Regarding football, most of the works refer again to the variability of heart rate during the competition (Oliveira et al., 2013; Rave et al., 2018). Other works have analyzed the variability of the displacement of the soccer player (Castellano et al., 2011; Couceiro et al., 2014; Castellano and Blanco-Villaseñor, 2015). Other authors have focused their efforts on tactical variability (Okihara et al., 2004; Moura et al., 2013; Maneiro et al., 2017). The work of Frencken et al. (2012), discovered that the greatest physical variability ratios are associated with transcendental moments of the game, such as the goal or shot to goal. On the other hand, the study of Moura et al. (2015), which analyzed positional variability, affirms that the midfielders are the ones with the greatest variability, followed by side players. They conclude their study stating that the finalist teams have more physical variability than the others. On the other hand, the work of Clemente et al. (2019), analyzed the variability in small-sided games in training football and conclude that formats such as 3 × 3 demand higher technical variability ratios than other formats.

Although all these works have a special importance in the applied field, physical and tactical variability is only a small segment of the competitive reality. Soccer is also a sport where space management can be a determining factor, according to reference authors (Grèhaigne, 1992; Garganta, 1997).

The term space was studied in different scientific areas throughout the centuries. From the field of mathematics, Poincaré (1944) said that anyone who speaks of space should never do so in absolute terms, since it would be a meaningless word. The author referred to the fluctuating nature of space, its flexibility, its mobile nature.

In Sports Science, the conceptualization of space as part of the internal logic in sport has been collected among other authors by Parlebás (1981) and Hernández-Moreno (1994). Parlebás (1981) distinguishes two types of spatial situations where motor interaction occurs: (1) those in which the formal space is stable and standardized; and (2) those in which the formal space is a carrier of uncertainty. Hernández-Moreno (1994), includes time, regulation, strategy, technique, tactics and playing space as the main parameters that shape the structure of sports.

Some authors who have approached the study of space as a strategic element in high performance football have been; Harris and Reilly (1988), Grèhaigne (1992), Garganta (1997), Castelo (1999), Blanco-Villaseñor et al. (2000), Castellano and Hernández-Mendo (2000), Seabra and Dantas (2006), Castellano et al. (2009), Castellano et al. (2013), Amatria et al. (2019a, b), Gonçalves et al. (2019). Garganta (1997), one of the first authors to speak of effective playing space, defines it as conformational space, and states that “it is important to recognize that the concept of space and its ideomotor representation are not limited to the dimensions and physical marks marked on the playing field. The player constructs another self-reference playing space within the physical restrictions imposed by the regulation. This space is the conformational space. It is a configuration or information space, which results from its interaction with the other elements: ball, teammates, opponents, etc., depending on their perception, knowledge and action (Figures 2, 3)” p. 202.

Mombaerts (1996), affirms that the strategic space conditions and modifies the motor plane, the tactical development and the density of players, since they must “use the resources available in a time and space of a game.” On the other hand, Harris and Reilly (1988), speak of an individual and collective space within the regulatory physical space. More recent studies such as Gonçalves et al. (2019), confirm that teams prioritize some spaces over others based on the quality of the rival.

Taking into account everything said until now, to assess the possible existence of changes in how teams manage the game space, this paper aims to study the variability in the management of strategic space in high performance football. Considering the spatial variables to analyze the game action in football is a relevant proposal to explain the unstable balance of the complex dynamics of the game (Castellano et al., 2013), allowing to increase knowledge about spatial strategic requirements.

For this, the methodological filter will be observational methodology (Anguera, 1979), one of the methodologies that allows the integration of quantitative and qualitative data (Anguera et al., 2014). The application of the observational methodology will allow us to achieve the objectives set out in this work, which are: on the one hand, through a General Linear Model (GLM), we tried to know the variability in the use of space in high performance football; and, on the other hand, through the implementation of the Generalizability Theory (GT) (Blanco-Villaseñor, 1989; Scholotzhaver and Littell, 1997; Blanco-Villaseñor and Anguera, 2000), to estimate the degree of precision and generalization of the results obtained.

This study contributes to increasing the scientific literature on the variability of the game space. The results obtained could be used to assess how the strategic space evolves and, therefore, to have information to propose specific intervention strategies according to the objectives set by football coaches during the season regarding issues such as: planning strategies for training, tactical planning of the team, exploiting possible spatial weaknesses of the rivals or the recognition of potential useful playing spaces.



MATERIALS AND METHODS


Design

We used observational methodology and applied the observational design I/P/M, which stands for Idiographic/Point/Multidimensional. It was idiographic because we studied one team considered as a single unit, point because we studied a single competition (Anguera and Hernández-Mendo, 2013), albeit with an intrasessional follow-up, and multidimensional because we analyzed the multiple dimensions that constituted the ad hoc observation instrument used (Anguera et al., 2011). Observation was non participatory and governed by scientific criteria, and the level of perceptibility was complete. To foster methodological quality, an analysis of the different minimum basic elements necessary in Table 1 has been included (Chacón-Moscoso et al., 2018, 2019).


TABLE 1. Minimum basic elements.
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Participants

We used a convenience sample consisting of offensive actions by the Spanish national soccer team during its participation in the UEFA Euro 2012. 6861 multi-events were analyzed. Intersessional consistency throughout the competition was ensured by the fact that all the matches observed were played by the same team (with the same players and shirt numbers) and on the same sized field divided into identical zones. The data has been treated according to the Helsinki declaration.



Previous General Considerations

To prepare the observation instrument, part of this study relies on different criteria and categories included in previous works. The variables collated as significant in other works have been: Move initiation zone, Move conclusion zone (CZ), Players (Maneiro and Amatria, 2018; Maneiro et al., 2019a); Start sector, Finish sector, Start corridor and Finish corridor (Garganta, 1997; Castelo, 1999); the variables Match half and Phase are aspects included in the institutional regulations of the competition.



Observation Instrument

This instrument (Table 2) is a combination of a field format and category systems (Anguera et al., 2017). The divided field has also been used as shown in Figures 1–3. The category systems are nested within the field format and contain exhaustive, mutually exclusive categories (Anguera and Hernández-Mendo, 2013).


TABLE 2. Observation instrument.
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FIGURE 1. Pitch áreas. Source: Maneiro and Amatria (2018), and Maneiro et al. (2018).
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FIGURE 2. Pitch áreas: sectors. Source: Garganta (1997).
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FIGURE 3. Pitch áreas: corridor. Source: Modified from Garganta (1997).



Software Tools

The data were recorded using the free software tool Lince (v. 1.2.1; Gabin et al., 2012). The interobserver agreement analysis yielded a kappa value of 0.95 (Table 3).


TABLE 3. The interobserver agreement analysis for each criteria.
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Procedure

The hierarchy of observation units, ranging from molecular to molar, is formed by event (technical actions, play interruptions, and interceptions), sequence of play, and match. A sequence of play, or move, was defined as the series of events that occur from the moment the team being observed gains possession of the ball to the moment it loses it. The sum of sequences constitutes a match. The observation sample for the offensive actions by the Spanish national team during UEFA EURO 2012 contained 6861 events. Type IV data were collected, which means they are concurrent, time-based data.



Data Analysis

First, a GLM was applied from SAS for Windows 2010 (SAS Institute Inc., 2004), with the aim of analyzing the variability of the data collected. GLM is a flexible generalization of the ordinary linear regression that includes response variables that have error distribution models other than a normal distribution. The GLM arises from the need to quantitatively express relationships between a set of variables, in which one of them is called a dependent variable, and the remaining are called independent variables.

Next, and with the objective of ensuring that the sample used is reliable, accurate, valid and generalizable, the GT was implemented (Cardinet et al., 2010; Blanco-Villaseñor et al., 2014). The software used to carry out the Generalizability analysis has been SAS (Scholotzhaver and Littell, 1997) and EDU-G (Cardinet et al., 2010). Through the GT it is intended to analyze the different sources of variation that may be affecting the measure, as well as estimate the sampling error of the collected behaviors. The GT allows to search estimates of reliability and margins of error, since it is sufficiently globalizing to adapt to the particular conditions of each measurement object, in this case high performance football.



RESULTS

Of the total of 12 behavior-criteria, combinations have been made between them to see which of these combinations produce greater variability and better explanation.

Table 4 shows the variability values with only two variables, specifically IZ and CZ. As it can be observed, the values between the start zone and the CZ have statistically significant differences (P ≤ 0.0001), although their explanatory capacity is reduced (r2 = 0.416940). On the other hand, in the random model (Type I SS), where all the variables are chosen randomly, the variables IZ and CZ analyzed in isolation are significant, as well as the interaction IZ∗CZ (P ≤ 0.0001).


TABLE 4. Model with two variables.

[image: Table 4]Next, Table 5 shows the results with a model made up with 3 variables, specifically (R, IZ, and CZ). In view of the available results, the model is significant (P < 0.001), with an outstanding explanatory capacity (r2 = 0.728404). On the other hand, the three variables treated independently in the random model are significant by themselves (r = 0.0005; IZ = P < 0.0001; CZ = P < 0.0001), as well as the interaction IZ∗CZ (P = 0007).


TABLE 5. Model with three variables.

[image: Table 5]As shown in Table 6, if instead of 3, 4 variables are considered (Pha, R, IZ, and CZ), the results are even better. In this case, the model is again significant (P = 0.019), with a high explanatory capacity (r2 = 0.838). In addition, in the random model, the variables R (P = 0.0005), IZ (P ≤ 0.0001) and CZ (P ≤ 0.0001), are statistically significant by themselves, as well as the interaction IZ∗CZ (P = 0.0007).


TABLE 6. Model with four variables.

[image: Table 6]Finally, if we take into account the inclusion of 5 variables in the model (Table 7), such as Pha, R, IZ, CZ and Fin, and despite showing a high explanatory capacity (r2 = 0.855), the results are not significant (P = 0.0505). In turn, there are 3 variables that present statistical significance in the random model (r = 0.004; IZ = 0.0004; CZ ≤ 0.0001). In this case, although some tendency exists in some interactions (Pha∗R∗IZ, P = 0.053), it is not possible to refer statistically significant relationships.


TABLE 7. Model with five variables.

[image: Table 7]Next, the GT has been implemented with the objective of estimating the number of observational criteria analyzed, while trying to reduce the sampling error. First, the design was applied with 12 variables, of which we have selected 3 that present some variability (R, IZ, and CZ). This step is intended to estimate the number of levels or values that these three facets take, in order to generalize these behaviors.

As shown in Table 8, a high error value exists in the RIF facet (which is triple interaction), with a very high residual variability (31%). The IZ∗CZ interaction also has a high residual variability, a quarter of the total with 26.5%.


TABLE 8. Sample estimation for the evaluation of rivals, move initiation zone and move conclusion zone.

[image: Table 8]Taking each variable in isolation, the variable R varies 2.3%; IZ varies 3.4%; and CZ varies 13.9%.

Table 9 shows the optimization plan for the R, IZ, and CZ facets, taking the R variable as the instrumentation facet, and IZ and CZ as the differentiation facets (IF/R). The quotient G is presented at this point, as well as the number of observations in terms of cost/benefit for the R facet.


TABLE 9. Optimization plan for rivals, move initiation zone and move conclusion zone IC/R.

[image: Table 9]In the absence of an optimization model, the results show a reasonable degree of generalization of 0.83 with the 1727 observations collected. Instead, the optimization plan determined that 3456 observations would be necessary to obtain a generalizability of 0.91, considering 12 rivals.

Table 10 shows the optimization plan taking IZ as the instrumentation facet, and R and R and CZ as differentiation facets (RF/R). The quotient G is presented at this point, as well as the number of observations in terms of cost/benefit for the IZ facet.


TABLE 10. Optimization plan for move initiation zone, move conclusion zone and rivals RC/I.

[image: Table 10]In the absence of an optimization plan, the results show again a reasonable degree of generalization of 0.85 with the 1727 observations collected. On the other hand, the optimization plan determined that 2700 observations would be necessary to obtain a generalizability of 0.90, considering 25 starting areas.

Finally, Table 11 shows the results for the optimization plan taking CZ as instrumentation facet, and R and IZ as differentiation facets (RI/F). The quotient G is presented at this point, as well as the number of observations in terms of cost/benefit for the CZ facet.


TABLE 11. Optimization plan for move conclusion zone, move initiation zone and rivals RI/C.

[image: Table 11]In the absence of an optimization plan, the results show again a reasonable degree of generalization of 0.84 with the 1727 observations collected. On the other hand, the optimization plan determined that 2400 observations would be necessary to obtain a generalizability of 0.88, considering 25 starting areas.



DISCUSSION

The objective of this study was to know the variability in the use of strategic space in high performance football. For this, the spatial management carried out by the Spanish football team during UEFA Euro 2012 was analyzed. Although in previous studies the variability has already been analyzed based on different aspects, this is the first work to study the variability of strategic space in high performance football through systematic observation. For this purpose, two types of analysis were carried out: on the one hand, a multivariate analysis using a General Linear Model, where the spatial variability developed by the team was analyzed. On the other hand, in order to guarantee the reliability and generalization of the sample, the GT was implemented.

The first aspect that can be highlighted from the results obtained is that the Spanish football team presents spatial variability in its game. Four different models have been tested with the inclusion of 2, 3, 4, and 5 variables that had previously been significant. Of these models, the one that presents statistically significant results (P = 0.0193), with the best explanatory capacity (r2 = 0.8383), is the model that considers 4 variables (Table 6).

Analyzing the multivariate model available, it is possible to verify that the Spanish team performs a strategic management of the space when it is in possession of the ball, at different levels: the team varies the starting areas of the offensive actions with the ball compared to the finishing areas. In addition, it also presents variability and versatility depending on its rivals.

As in previous studies (Ric et al., 2017; Gonçalves et al., 2019), limiting or expanding the strategic space will demand different tactical responses from players. An example of this spatial plasticity is the tactical behavior of teams based on the ball (Riera, 1995). When attacking, the strategic space must be wide, causing the appearance of spaces. When defending, the behaviors must be antagonistic. The strategic space should be as little as possible, congesting the attacking team’s useful areas.

This spatial flexibility is not a loss of structural stability, but a sign of adaptability to the environment.

In this sense, it has been proven that physical variability is a significant variable in order to increase the number of goal shots or goals (Frencken et al., 2012). From this work, we also propose to increase the variability of the strategic space as a significant variable to achieve success. This will hide the true tactical intention, mislead, create false leads to the rival team. Theatricalization is a fundamental aspect in sport. As Garganta (1997) mentions, the space of action can not only be seen as a geometric structure, but as a modifiable framework of thought and action, where the functional space of the game is variable. From this work we talk about a functional plasticity.

Finally, in order to guarantee that the sample used is reliable, accurate and generalizable, the GT was developed (Blanco-Villaseñor et al., 2010; Gálvez-Ruiz et al., 2016; Hernández-Mendo et al., 2016). The results available in Tables 9–11 suggest that the work is based on an adequate research design in terms of the number of teams and matches analyzed, with the possibility of reducing the number of observations and having the same generalization accuracy in subsequent analysis.

It is important to note that in the absence of a model for the 3 variables considered (R, IZ and CZ), and with the available observations (n = 1727), the G values (generalizability values) are high, all above 0.83. This data is highlighted, since it emphasizes the robustness and solvency of the observations collected in the absence of an optimization plan.

More specifically, to establish a G index of 0.90 (with sufficient quality and to allow generalizing the results), the variables IZ and CZ would have to go from 16 categories to 25. In applied terms, this could be easily implemented, since recent works have corroborated a similar molecularization of the field, without losing practical functionality (Aranda et al., 2019). Other works have proposed a reduced number of zoning (Casal et al., 2017a, b). In economic terms, moving from 16 zones to 25 would increase the generalization of these variables by 0.05, from 0.84 and 0.85, respectively, to 0.90.

As regards the R variable, in the absence of an optimization plan, the G index is moderately acceptable (0.83 with 1727 observations). On the other hand, doubling the number of observations (n = 3456) would allow the validity and accuracy of the data to be increased by 0.08, from 0.83 to 0.91. It has been shown that teams perform strategic space management based on the quality of the rival (Gonçalves et al., 2019).

Finally, some of the weaknesses of this study are that they can only be applied to high-level men’s football. It would be interesting to know what space variability is like in high-level women’s football. On the other hand, it would be important to know how space management is carried out in teams that compete in regular championships, with more training time.



CONCLUSION

Football is a struggle for space to solve or cause positional imbalances that emerge from the interaction in the game, taking risks in attack by expanding spaces that the opponent must attend or, on the contrary, grouping to close and balance the defense (Castellano et al., 2013). The variable management of this space will allow the implementation of new game tactics, using the strategic space as a tool to achieve the proposed objectives.

The main conclusions of the present work could be summarized in: (1) the Spanish soccer team performs a variable management of the conformational space, both in the area of initiation of the offensive action as in the area where it finishes; (2) the rival team, and the part of the match in which it is located, are aspects that the team takes into account to prioritize some spaces or others in its offensive process; and (3) the results of the GT provide the results presented with sufficient quality and precision to be generalizable results.



PRACTICAL APPLICATIONS

The practical applications that derive from this study will allow football coaches to know and assess how space management training can be a variable that can help to achieve success in football. The constant professionalization of football, where players have high physical and technical performance, together with high tactical and strategic standards, leave little room for coaches and players to achieve successful routes to achieve victory. Therefore, the inclusion of spatial variability in training can be an alternative to achieve such success.
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Different international organizations and initiatives highlight the contribution of the traditional sporting games (TSGs) to favor the diversity of knowledge, values, and attitudes necessary for today’s society. TSG such as Marro trigger multimodal learning contexts (driving conducts, interpersonal and organic relationships), with great interest in the educational and sports initiation field. The purpose of two studies presented in this manuscript was to examine the 360° multimodal strategic intervention (decisional, relational, and organic) of two teams faced in a Marro game. For this study, a quasi-experimental design was used composed by a single test applied to two non-equivalent teams. Mixed methods were used with an observational methodology in Quadrant III: nomothetic, punctual, and multidimensional. Fourteen university students participated [mean (M) = 20.49, standard deviation (SD) = 2.18]. Three internal logic variables were studied: outcome, role, and subrole; and three variables referred to the dimensions of motor conduct: relationship, risk in the decision, and physical effort. A mixed ad hoc registration system was designed with acceptable margins of data quality. For Study 1, cross-tabulations and classification trees were applied, while for Study 2 strategic T-patterns were identified. The relevance of the scoreboard (p < 0.001; Effect Size = 0.386) and the realization of the role (p < 0.001; ES = 0.091) for the study of multimodal strategic chains in the Marro game were confirmed. The detection of regularities in specific interaction (Hunters against Hares) by Theme (p < 0.005) allowed for interpretation of the process of strategic conducts of both teams during the game. Knowing the strategic chains of playful coexistence among equals through a multimodal range of variables and approaches has revealed an unusual dynamic picture. The study provides scientific evidence for the physical education teacher on the dynamics of the game of Marro. The pedagogical application of these contributions must be made according to curricular interests.

Keywords: observational methodology, physical education, T-pattern analysis, motor conduct, motor praxiology, decision-making, motor interactions, physical effort


INTRODUCTION

According to the Kazan action plan (UNESCO, 2017), TSGs are a fundamental intervention area for the acquisition of basic life skills; cognitive, social, and emotional skills; values; and attitudes that define socially responsible citizens. In addition, TSG are also important facilitators for sustainable development, inclusive education of cultural diversity, and peace.

The TSG testify to the local culture that has been transmitted over time, and their originality lies in the fact that they are social manifestations, which are expressed through motor action: body language. These are authentic cultural showcases that contain values and distinctive factors of their society; hence, UNESCO recognizes TSG as intangible cultural heritage (Parlebas, 2001).

Despite this, the TSGs have an insufficient presence in the university curricula and in the physical education classes, when compared to Olympic sports. Scientific evidences confirm the magnificent contribution of TSG to educate in values as necessary as respect, equality, peaceful coexistence, sustainability, diversity, and mutual help (Lavega et al., 2016).

The TSGs are based on a democratic pact, on a social contract (Rousseau, 1973; Parlebas, 2001). This is the first social lesson they give. In order to play a TSG, all participants should respect the rights and prohibitions established by rules. The observation of the application of the rules affirms that each game has an internal logic or identity card that tests its participants through different ways of relating to other participants, space, materials, and time (Parlebas, 2017a).

There is a large repertoire of TSG in which participants must interact with their partners and adversaries. These sociomotor games require the actors to have a constant dialogue with other people, whether they are members of the same team or rivals. Through these games, participants learn to enjoy the pleasure of meeting others (Lavega et al., 2014b; Muñoz et al., 2017). From the approach of social psychology, personal connections and group dynamics have also been studied (Graupensperger et al., 2019). The same sign of valence (Heider, 1946) used in TSG, guides the relationships of solidarity (positive valence) or social conflict (negative valence) (Böhm et al., 2018) within a given society. Although it should be noted that the conflict prism from TSG is an abstraction of a different nature, of great importance to act in the education of values (Lee, 1988; Bredemeier, 1991; Gibbons et al., 1995; Hernández-Mendo and Planchuelo-Medina, 2012).

The TSGs, like sports, are motor situations that have a system of rules and establish a competition between the participants. However, in the TSG, there is no presence of an institution (national or international federation). It is the players themselves who agree on the rules to be followed.

Under these conditions, each TSG has an internal logic. That is, it activates a different motor and social adventure, associated with original and varied rules according to the time and geography in which they are played. Therefore, they constitute an exuberant playful diversity (Parlebas, 2001) useful for physical education.

The learning caused by TSG is aimed at acquiring the motor competence that offers testimony through motor conducts of knowing, knowing how to do, knowing how to be, and knowing how to act (Parlebas, 2017a). That is, one learns to agree, to cooperate, and to respect others through motor action. For this reason, participants find themselves in real, not imaginary, scenarios of contextual learning that allow the different dimensions of their personality to be put into action. It is about multimodal learning contexts (Ward et al., 2017). Within each motor action (a pass, a displacement, a jump) can be found a physical effort (organic dimension), decision (cognitive dimension), emotion (affective dimension), and communication (relational dimension).

For each person, this multimodal unitary intervention (which we could call 360°) is different. These are motor conducts in which the external meaning (the observable part of motor execution) and the internal meaning that the person gives to his motor intervention are linked (Parlebas, 2001).

The research by Brasó and Torrebadella (2017) indicates that Marro is a game with possible antecedents in ancient Greece, known in many European countries with different denominations: Barres or Le jour e la nuit in France, Prisoner’s Bars or Prisoner’s Base in England, Giorno and notte, Paladini, Barrierre, or Barre in Italy, Tag und nacht or Das Mattmachen in Prussia and Germany, and Marro, Regate, Hurto del cuerpo, Rescat, or Riscat in Spain. These authors affirm that throughout history, this game has been practiced by people of different ages and social classes. It reached its full popularity in the fifteenth and sixteenth centuries among young people in rural and school contexts. Its incorporation into the school is very clear from the seventeenth century. Later, in the nineteenth century, this game, same as other TSGs, followed a process of pedagogization and school institutionalization.


Marro Game Rules

Although it can be played in different ways, in this case, two teams with the same number of players, placed in a protected area (Home) behind a line at one end of a rectangular field, face each other. Each player who leaves Home may chase and capture (as a Hunter) all opposing players (playing as Hares) who have left before him/her. In these circumstances, a player can play the role of Hunter before his/her Hares. However, they should know that if an adversary leaves his/her Home after him/her, the latter will have “Marro” on him/her and will become a Hunter, so that he/she will become a Hare. In that case, the person must decide whether to continue chasing any of his/her Hares or flee from his/her Hunter.

When a player catches a Hare, he/she takes it to the Prisoner area, on a side 1.5 m away where it will be placed forming a chain (holding hands) with the rest of his/her team’s Prisoners. If a player away from Home (Hunter or Hare) manages to touch a Prisoner of the chain, all those who are forming the chain are free, although they can be captured again by any adversary before returning Home. In some ways of playing, the team that first captures all opponents or the team that, after a game time (e.g., 8 min), has the highest number of captured Prisoners from the opposing team wins.



The Internal Logic of Marro Encourages Decision Motor Conducts

While knowing the code of rules of the game is necessary, it is not enough to reveal the regularities that the Marro game contains. Although each player makes their own decisions, there is an underlying order that is the same for all actors, regardless of their age, gender, or cultural background.

The theory of motor action or motor praxiology (Parlebas, 2005) has universal or operational models that represent the basic structures (Levi-Strauss, 1963) of the operation of a game. There are seven universals that reveal the underlying order that contains the internal logic of any game. To study decision-making, two key universals are identified: the network of changes of sociomotor roles and the network of changes of sociomotor subroles.


The Network of Changes of Sociomotor Roles

Through this model the importance of appropriate decision-making in the game of Marro could be identified. A role corresponds to the potential motor conducts referred to as the limitations, rights, and prohibitions prescribed for one or more players by the rules of the game (Parlebas, 2001). In the Marro, there are three roles: Home (being in the protected area), Field Player (alive), and Prisoner.

Unlike team sports, players’ decisions are conditioned by an excellent management of the relationship with time, since the “moment” of leaving creates the possibility of having Marro (being a Hunter) or receiving Marro (being a Hare) over rivals. In addition, it may be that a player is potentially a Hunter (for a rival Hare) and a Hare (for a rival Hunter who has left afterward) at the same time. In these circumstances, players will decide what role they will play in each game sequence.

The systematic observation of the game has allowed us to identify three strategic roles associated with the role of a live player:


–Hunter: player who has Marro on opponents who have left “before” Home.

–Hare: player who has left Home “before” one or more opponents.

–Neutral: player whose decisions do not have an intention directed to the other participants.
Through observation, it also identifies another strategic role in situations of disagreement:

–In Conflict: when two or more players stop playing to discuss any disagreement during any sequence of actions they have shared.



The dynamism of the game is associated with the transition from one role to another, depending on the choices each player makes. Representation based on graph theory (Berge, 1958) identifies roles through points and role changes through lines. Loops or lines on the same role show that given a possible change from one role to another, some players may remain in that same role.



The Network of Changes of Sociomotor Subroles

Each role contains different subroles considered as the minimum unit of action loaded with strategic significance.

The internal logic predetermines the possible changes between subroles allowing each player, according to their strategy, to make different decisions corresponding to the transition between different subroles. This, in turn, involves the transition between different roles. The systematic observation of this game has identified the following subroles:

Home (Hom)


–On hold (CEE): Player who is in the Home zone in a passive attitude: standing, with crossed arms, with no intention of leaving.

–On alert (CEA): Player who is in the Home zone in an active attitude, moving, running, feinting.

–Leaving (CSL): Player leaving the Home zone.



Hunter (Hun)


–Menacing (ZAM): Hunter who stands (without moving) but in an active attitude, feinting, ready to attack.

–Tracker (ZPS): Hunter who is chasing (running).

–Catcher (ZCT): Hunter that is at the moment of capturing.

–Conveyor (ZTL): Hunter who is moving his/her victim to the Prisoners’ area.

–Go to save (ZIS): Hunter who is in the process of going to save but is not doing it yet.

–Rescuer (ZSV): Hunter who is currently saving his/her fellow Prisoners.



Hare (Har):


–On alert (LEA): Hare that stands (without moving) but in an active attitude, feinting, prepared to avoid being attacked.

–Provoker (LPV): Hare that is catching the attention of Hunters. Fundamentally on the first play of the game.

–Runaway (LHD): Hare escaping persecution or the threat of Hunters.

–Protector (LPT): Hare that protects his/her fellow Prisoners and commits suicide.

–Enter Home (LEC): Hare that passes from the living area to the Home area.

–Rescuer (LSV): Hare that, in his/her flight from the Hunter, goes to the Prisoners’ area of his/her team to try to save them.



Neutral (N)


–On hold (NEE): Neutral player (in the living area) that is wandering, standing, or moving, waiting to make another more influential decision in the game.

–Returning Home without threat (NRG): Neutral player (mainly Hares) who is returning Home quietly because he/she no longer feels a threat from Hunters. That return can be walking or running.



Prisoner (Pri)


–Go to prison (PIP): Hare that is captured and moved to the prison of the rival team.

–On hold (PEE): Prisoner who waits, with whatever attitude, to be released to adopt a new role in the game.



Conflict (F)


–In conflict (EC): Players who, for whatever reason, do not play. The stoppage of the game can be partial (players who are in conflict, but the rest are still playing) or total (the entire game is paralyzed). Whether it is total or partial, it will be categorized “in conflict” until the moment the game is restarted with the motor decision that is taking place at that moment of restarting the game.



Adopting a subrole involves deciding a level of risk in the intervention. Considering the consequences of being able to be captured or not, the subroles can be classified as (see Table 1): conservative (passive and risk-free decisions), risky (can be captured), and neutral (in the live role it is an active decision (e.g., back Home); in the Prisoner role, it means not having an alternative choice).


TABLE 1. Relation of roles, subroles, and their level of risk and decisional relationships.
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The Internal Logic of Marro Encourages Conducts of Interpersonal Relationship

The Marro game is a miniature society (Parlebas, 2001) in which players share interpersonal relationships. The relational order of the game can be revealed by two universals:

The motor communication network reveals the underlying relational structure (Parlebas, 2002), that is, the type of motor relationships that are to be activated.

Marro players are related through two options of motor interaction (Parlebas, 2002): (a) motor communication or positive communication corresponding to a transmission motor relationship explicitly provided by the rule and which, in the case of Marro, occurs with the transmission of a positive sociomotor role (touching fellow Prisoners to release them); and (b) the countercommunication or negative communication referred to as motor interrelation of opposition between adversaries and which, in the case of Marro, corresponds to the transmission of a negative role (touching an opponent to turn him/her into a Prisoner).

The motor communication network represents players through points (Figure 2) by roles (Figure 1). The continuous lines that unite them show the relationship of cooperation (solidarity) between the players, and the discontinuous ones correspond to the relations of opposition (rivalry). The Marro game corresponds to a team duel (two “collective actors” who describe a zero sum, according to game theory, since what is won on the one hand is lost on the other), symmetrical (equal number of players and roles), exclusive (each player can only be a companion or adversary of the other participants), and stable (remains on the same team during the entire game). The network is complete because each pair of vertices is connected to an edge of positive or negative relationship (Parlebas, 2002).
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FIGURE 1. Network of sociomotor role changes in Marro.
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FIGURE 2. The motor communication network in Marro game.


Goal interaction network is a subset of the motor communications network because it only examines the interactions that “outcome” success or failure in the game (Parlebas, 2001). In the case of Marro, each success is associated with capturing an opponent (each Prisoner involves adding a point, opposition relationship) and also releasing the partners (it implies leaving the rival’s outcome to zero, cooperative relationship). Unlike sports, whose brand interaction network is of opposition – since they only score points through rivalry relationships (scoring goal or basket on the opposite zone) – the Marro game retains a mixed goal interaction network: success is achieved by looking for both partners and opponents.

The twenty subroles or possible decisions of the Marro game have also been grouped according to whether these subroles indicate a relation with partners or with adversaries. Observation has identified neutral relationships (being at Home, being in prison) and conflict (when discussing a disagreement) (Table 1).



The Internal Logic of Marro Causes Motor Conducts of Different Physical Effort Intensity

This game corresponds to a team duel in which the intervention of any player is conditioned by a constant decision-making during the development of the game. As in other games or team sports, the other participants carry out messages associated with unforeseen events, an informational uncertainty that translates into an acyclic and intermittent strategic intervention. In these conditions, players must maintain different intensities of physical effort with intermittent motor actions of high intensity interspersed with moments of recovery and pause (Bangsbo, 2000). In addition, that intensity can change according to the outcome (score), the team’s strategy, and the decision-making of each player, as well as their possibilities, their way of understanding the internal logic of the game, and their sports history or motivation (Apostolidis et al., 2003).



The Need to Go Further

The review of the specialized literature confirms that the investigation of traditional games in educational contexts is scarce compared to the proliferation of studies on sport (cf. Navarro and Triguero, 2009). The motor praxiology is a discipline that focuses the attention on TSG as an object of study and that has generated a considerable amount of research on the effects of the TSG on emotional, relational, cognitive well-being, and decision-making of the protagonists (cf. Lavega et al., 2016).

From the observational methodology, studies focusing on traditional games have been essentially based on one or two dimensions of study, using different statistical strategies (generalized linear models, classification trees) (i.e., Lavega et al., 2014a). As far as we know, no previous study has been performed in order to interpret with a rigorous methodology an integrated view of the intervention of players in a TSG from a systemic point of view: decisional, relational, energetic, and various analysis approaches, that is, a 360° approach.

In the present study, this approach is a requirement imposed to propose a new and unknown integral approach for the study of team strategies in games or in team sports. The lack of approaches based on T-pattern analysis or predictive models to identify hidden strategic regularities is a new challenge. Therefore, it is about trying to reveal part of the interactive process that occurs during a game and facilitate the verification of evidence to be applied in the educational field or sports initiation.

Based on this theoretical framework, the article focuses its interest on identifying the 360° multimodal strategic development processes (decisional, relational, and organic) of two teams that play under the regulatory framework of the Marro game.




MATERIALS AND METHODS


Design

The study followed an associative strategy (exploring the functional relationship between variables) and corresponded to a comparative predictive design based on group comparison (Ato et al., 2013). For this study, a quasi-experimental design was used composed by a single test applied to two non-equivalent teams. The study design (observational methodology) was nomothetic, punctual, and multidimensional (Anguera et al., 2011). It was nomothetic, because two collective units (teams) composed of players were studied. When a single concrete action was performed, it was considered punctual. A mixed system of field format and E/ME category system was used. Therefore, it would be a multimethod study (Teddie and Tashakkori, 2010; Anguera et al., 2014; Anguera et al., 2018).



Participants

In this study, 14 players (seven per team) participated (10 male and 4 female, age range = 18–26 years, Mage = 20.49 years, SD = 2.18) of the first course of physical activity and sport sciences at the University of Lleida, enrolled in the Theory and Practice of Motor Game. The distribution between women and men maintained the same proportion as in the class group, with a predominance of the masculine gender over the feminine one. The studied participants who developed a game of Marro were chosen at random. This reduced number of players is justified by the large amount of data (number of observations) recorded and analyzed during 480 s. The sum of 480 s accumulated by each player in interaction with their peers and rivals draws the performance, for each variable, within their respective team.

All participants signed an express authorization authorizing their filming (Declaration of Helsinki). In addition, the study was review and approved by the Ethics Committee for Clinical Research of the Catalan Sports Council [07/2019/CEICEGG].



Procedure and Materials

Six variables were used in the study. The relationships between variables and categories are described below. Three variables corresponding to the internal logic of the game:


(i)“Dynamic Score (Outcome).” The following coding was used for the different outcomes (scores): draw (ZE), +1 (ON), +2 (TW), +3 (TH), +4 (FO), +5 (FI), -1 (NO), -2 (NT), -3 (OH), -4 (NFO), -5 (NFI).

(ii)“Role”: understood as categories of rights and prohibitions that players have that allow them to take subroles or minimum decision units (Table 1). Of the six possible decision scenarios: strategic roles (HUN), Hare (HAR), Home (HOM), Prisoner (PRI), in conflict and neutral, special attention was paid to the roles of Hunter and Hare, since they originate different strategic options in the different dimensions: cognitive (subrole), decisional risk (conservative, neutral, and risky), relational (looking for a partner or adversary), and organic (sedentary, light, moderate, and vigorous).

(iii)Subrole decision. Twenty decision subroles were identified (see Table 1).



Three variables linked to the dimensions of motor conducts:


(i)“Relation.” N: neutral, when ambivalent or indistinct (N); relationship with the opponent (A); relationship with the partner (C); and when there is a conflict of interest between the players (X).

(ii)“Decision Risk.” Risky decisions (RI), neutral decisions (NE), and conservative decisions (CO).

(iii)“Energy” is an indicator of the intensity of physical effort made by the players based on the data extracted from the accelerometer record. The cut-off points proposed by Troiano et al. (2008) to categorize the energy variable in effor t intensity: Sedentary (S): 0–2 CPS (No. of frequencies per second); Light (L): > 2–34 CPS; Moderate (M): > 34 to 100 CPS; Vigorous (V): > 100 CPS.




Phase 1: Playing in Practice and Authorizations

The Marro game was carried out by the regular teacher of the area during his regular class schedule, in a 42 m × 25 m artificial grass outdoor sports court.

Since none of the participants knew Marro, the game was explained in a previous class, it was put into practice for several minutes to favor its understanding, and tests were made for its filming at the same time as doubts raised by the players were solved. Once all doubts were dispelled, participants were invited to play after 2 days in this experience. Before starting the game, the participants performed a series of exercises adapting to the intensity of the physical effort of the game.

To make the recording, two Sony DCR-SX21 model cameras located at both ends of the game track were used. The recording time was continuous, without interruptions, until completing about 480 s. All shots were recorded far enough to ensure the anonymity of the players.

Triaxial accelerometers (ActiGraph GT3X + accelerometer; ActiGraph LLC, Pensacola, FL, United States) were used to record the intensity of the effort. The accelerometers were placed laterally at the waist of the players and fastened with an elastic band. Accelerometers were programmed to record movement at a frequency of 60 Hz.



Phase 2: Registration Tool and Data Quality

For the analysis of the data from the filming, an ad hoc registration tool was designed with exhaustive and mutually exclusive categories (Chacón-Moscoso et al., 2019). This allowed the use of ludograms (Parlebas, 2001) to record the driving strategy of the players in the different dimensions, corresponding with: sequence of roles and subroles, decisional risk, relationships, and physical effort assumed by a player in each second during game development.

The mixed system created for this purpose was used because it takes advantage of a field format and a category system. On the other hand, there was the flexibility of the field format adapted to new and unexpected playful events of the game, from categories initially identified deductively, according to the theoretical bases used. Categories were also exploratory or inductively identified as a result of the observation made by the observer’s team. The rigor of the category system was guaranteed by relying on the theoretical foundation of the science of motor action (Parlebas, 2001, 2017a).

The data were sequential (Chacón-Moscoso et al., 2019) since in each observation there could only be a single category. The type of parameters was secondary since the data were derived from a registry of primary indicators (role, subrole, and energy) that subsequently gave rise to different categories of risk, relationship, and energy intensity.

To address the quality of the data, different methodological strategies were followed. First, the observers had at least 2 years of experience in the observational methodology and its application. All of them were members of the GIAM research group, interested in the motor action. The observation tool was described and agreed by GIAM following the subroles (categories) and roles (criteria) of the Marro game.

After using the registration tool, it was implemented with different modifications and improvements, in order to ensure the quality of subsequent registrations.

The monitoring game action made by the observers was focal, that is, player by player. Thus, an independent record of each player was obtained. When the mixed system of consensual and definitive registration was reached, an observer manual was prepared, describing the categories (determination of roles and subroles) with the respective degree of freedom of the categories.

Next, although five observers were trained, just two of them were selected to code all players from both teams for the whole duration of the game, intra- (coder 1_coder 1) and interobserver (coder 1_coder 2) reliability by applying the Generalizability Theory (Cronbach et al., 1972; Ysewijn, 1996; Cardinet et al., 2010; Blanco-Villaseñor et al., 2014; Hernández-Mendo et al., 2016).

A match of the Marro game in which 14 players participated was analyzed: Two teams of seven players each and a duration of the game of 8 min. The results showed that the variability of the instrument was associated with the categories (93.7%) and with the categories/observer interaction (6.3%). The overall analysis of the relative and absolute G coefficient (0.98) revealed that the accuracy of the results was optimal.



Phase 3: Preparation of Two Databases for Analysis

All observed events are associated with a series of seconds between which that variable or that set of variables is activated in each player. Thus, the union of these players in their respective organizations forms the team unit.

The data collection had two procedures:

The observational procedure, carried out by a team of five observers allowed the recording of data of the variables outcome, role/subrole, risk in the decision and relation from the visualization of the videos, and the second-to-second record of the ludic events developed by the players.

The data recorded by the accelerometers (energy variable) were downloaded and analyzed using the ActiLife 6.0 software (ActiGraph, Pensacola, FL, United States). The data were integrated in periods of 1 s obtaining 480 s per participant. The intensity of the effort expressed quantitatively by means of the magnitude vector in counts per second was transformed into a categorical variable using the cut-off points indicated above.

Each player intervened for 480 s, coinciding with the number of rows in Microsoft Office v.2010 Excel, also used to transform the magnitude of movement variable (quantitative) into categorical (sedentary, light, moderate, or vigorous).

In order to carry out Study 2, the database was prepared to apply the package Theme (2017) software, with the aim of detecting T-patterns strategic Marro360°chains. Thus, those sequences of repeated variables were eliminated so that, on the one hand, the database became lighter and faster to analyze and, on the other, greater dynamics of the variables were achieved.

Through the programming language Phyton v 3.7, a script or command file was designed to eliminate the sequences of repeated variables (more than once in a row). That is, each time a type combination appeared (ZE, APS, A, RI, M) it was included for the analysis, but if this same combination was repeated next, then it was eliminated. Thus, the cumulative duration (number of seconds) of the sequences was available, and type IV data were obtained (Sackett, 1978). This procedure was applied exclusively for T-pattern analysis. It is of crucial importance to recognize that the internal logic of the game establishes a dynamic of action in which leaving before or after the adversary identifies a “when” of the playful event, with direct impact on the outcome (capturing an adversary or saving a Prisoner). This temporal dynamic guides the driving strategies of the social fabric that is the Marro game.



Phase 4: Data analysis


Phase 4.1: Data analysis in study 1

This study corresponds to a mixed methods design (Chacón-Moscoso et al., 2019). Using the IBM SPSS Statistics, v. 25 (2017) statistics analysis tool. Cross-tabulations (Pearson’s Chi-square test) were carried out with special attention to adjusted residuals (ARs) > 1.96 or < –1.96 (Gómez et al., 2019), and decision trees. For both analyses, levels of statistical significance were started (p < 0.05). The effect sizes were calculated using the Cramer’s V test. The interpretation was based on: 0.10 = small effect, 0.30 = medium effect, and 0.50 = large effect (Cohen, 1988). In order to elaborate the most representative figures of the Hunter and Hare roles, the sets of variables equal to or greater than 2% in the blue and red teams were selected. This selection was represented exclusively in Figures 7, 8, with a total of 1,072 occurrences (70.4%) in both roles and teams.

To determine the interaction between the variables, the multivariate QUEST classification technique (Quick, Unbiased, Efficient, Statistical Tree) was used. This was a fast-running binary procedure compared to other models already used in TSGs (Pic et al., 2019) to execute the ramifications. The tree used was due to a supervised learning algorithm, used in artificial intelligence to know the predictive capacity of the model when analyzing the performance of both teams.

The following requirements were assumed for the construction of the QUEST model: (i) a restriction of five levels of maximum tree depth, (ii) minimum cases (=100) in parent Node, and minimum cases (=50) in child Node, (iii) significance level for splitting nodes (p < 0.05); and (iv) the validation was approached by means of split sample, being used (randomized) 80% of the cases for the training, and 20% in the final test.



Phase 4.2: Data analysis in study 2

Following the mixed methods (Chacón-Moscoso et al., 2019) and a quasi-experimental approach, the implications of the temporal dimension in the Marro game, together with the ambition to apply a 360° approach of whole variables, made the use of a multivariate technique known by THEME (Casarrubea et al., 2015, 2019a, Aiello et al., 2020) pertinent. THEME is an algorithm that reveals temporal regularities, selected when examining the chains of variables, including in the analyses of the temporal distribution of events. Therefore, according to Magnusson (2000, p. 94–95) “if A is an earlier and B a later component of the same recurring T-pattern, then, after an occurrence of A at t, there is an interval [t + d1, t + d2] (d2 ≥ d1 ≥ d0) that tends to contain at least one occurrence of B more often than would be expected by chance.” The search parameters of T-patterns included for the assessments were significance levels (p < 0.005) and a minimum of four occurrences. A comparison was made between the results obtained (real data) with their randomization to validate the analyzes proposed (Brill and Schwab, 2019).






RESULTS


Results: Study 1


The Outcome (Score) of Both Teams

Differences were found in their respective outcomes (p < 0.001; ES = 0.386). Both teams shared most of the game the ZE(0) draw outcome (blue and red: n = 1,288; 19.2%). Blue was mainly with ON (+ 1) outcome (n = 672; AR = 5.9; 10%) and NT (–2) (n = 504; AR = 15.1; 7.5%). The red team participated mostly with the score NO (–1) (n = 672; AR = 5.9; 10%) and TW (+ 2) (n = 504; AR = 15.1; 7.5%). The TH (+3) outcome was developed exclusively by the red team (n = 266; AR = 15.1; 4%).



Comparison of Outcomes Exclusively in the Hunter and Hare Roles

Significant differences were found when selecting two determining roles in Marro game (p < 0.001; ES = 0.353).

The red team obtained a higher number of records (n = 841; 55.3%) than the blue team (n = 681; 44.7%). The greatest differences in order, following the AR, were under an NT (–2) outcome in blue team (n = 104; AR = 7.2; 6.8%) and red team (n = 38; AR = –7.2; 2.5%).

In the second position, with a TW (+ 2) outcome the red team registered the following values (n = 134; AR = 6.9; 8.8%), different from the blue team (n = 33; AR = –6.9; 2.2%). Similar ARs were found OH (–3) exclusively in the blue team (n = 37; AR = 6.8; 2.4%) versus the red team (n = 0; AR = –6.8; 2.4%). The outcomes were favorable to the blue team, following the AR in ON (+ 1) (AR = 2.0) and ZE (0) (AR = 1.5) while higher outcomes by the red team were observed in NO (–1) (AR = 3.4) and TH (+ 3) (AR = 6.5).


Roles in both teams

The Marro’s game lasted for 6,720 s (resulting from the intervention of 14 players during 8 min). All observation periods were concatenated, player by player. Based on the characterization offered through the six strategic roles (p < 0.001; ES = 0.091) (Home, Hunter, Hare, Prisoner, Conflict, and Neutral), the two teams were mostly at Home (n = 2669″; 39.7%; red n = 1340″; AR = 0.7; 20.1% and blue n = 1320″; AR = –0.7; 19.6%), then Prisoner (n = 1197″; 17.8%; (blue n = 693″; AR = 6; 10.3% and red n = 504″; AR = –6; 7.5%), neutral (n = 1103″; 16.4%; (blue n = 571″; AR = 1.3; 8.5% and red n = 532″; AR = –1.3; 7.9%).

When attention was paid to the Hunter and Hare roles it was found that the intervention in the Hunter (HU; n = 970″; 14.42%) and Hare (HA; n = 522″; 8.23%) roles was developed during 1,522 s (22.65%). Significant differences were found in the intervention of the two teams in the role of Hunter and Hare. The red team spent more time in the role of Hunter (red n = 526″; AR = 2.9; 7.8% and blue n = 444″; AR = –2.9; 6.6%) and also in the role of Hare (red n = 315″; AR = 3.5; 4.7% and blue n = 237″; AR = –3.5; 3.5%).



Subroles in both teams

The game mainly showed decisions at Home (CEA, on alert n = 2,355″; 35%), Prisoner on hold (PEE, n = 906″; 13.5%), Hunter chasing (ZPS n = 631″; 9.4%), Neutral on hold (SEN n = 575; 8.6%), Returning Home without threat (NRG n = 528″; 7.9%) and Hare fleeing (LHD n = 423″; 6.3%). Finally, Prisoner go to prison (PIP n = 291″; 4.3%). Subsequently, in conflict (EC n = 229″; 3.4%), at Home (CSL leaving n = 221″; 3.3%), Hunter conveyor (ZTL n = 162″; 2.4%), at Home (CEE on hold n = 93″; 1.4%), and Hare on alert (LEA n = 74″; 1.1%).

Differences were found between the subroles of the Hunter-Hare roles (p < 0.001; ES = 0.155) of both teams. The subroles over 5% of the total and two ARs (positive or negative) were selected. Thus, the most used subroles were ZPS (n = 631″; 41.5%), with lower frequencies the blue team (n = 290″; AR = 0.8; 19.1%) than the red team (n = 341″; AR = –0.8; 22.4%).

The red team (n = 238″; AR = 0.5; 15.6%) exceeded the blue team (n = 185″; AR = –0.5; 12.2%) in LHD (27.8%) and similar records in both teams using ZTL (10.6%) were found in the red team (n = 82″; AR = –1.3; 5.4%) and blue team (n = 80″; AR = 1.3; 5.3%). In the last subroles selected by percentage in both ZAM teams (n = 77″; 5.1%), being in red (n = 37″; AR = –1.3; 2.4%) was similar to the blue team (n = 40″; AR = 1.3; 2.6%). Based on the differences, in terms of AR, in LPV (n = 19″; 1.2%) the red team exceeded (n = 19″; AR = 3.9; 1.2%) the blue team (n = 0″; AR = –1.2; 0%). However, the results were reversed in LPV since the blue team (n = 24″; AR = 2.7; 1.6%) exceeded the red team (n = 12″; AR = –2.7; 0.8%).

Still regarding the Hunter and Hare roles, no especially relevant differences were found when examining the level of risk of the players’ decisions (p < 0.068; ES = 0.59). Although it could be reported that more neutral decisions were found in the blue team (n = 104″; AR = 2.1; 6.8%) than in the red team (n = 98″; AR = –2.1; 6.4%).



Motor relationships in both teams

Statistically, the teams were different (p < 0.001; ES = 0.070) although both mainly showed neutral relations (n = 5,079″; 75.6%). Subsequently, the relations were oriented toward the adversary (n = 1,344″; 20.0%). There were few conflicting relationships (n = 229″; 3.4%). Relationships toward team partners were very scarce (n = 68″; 1.0%).

In neutral relations, the blue team surpassed the red team (blue n = 2,636″; AR = 5.5; 39.4%; red n = 2443″; AR = –5.5; 36.4%). The red team showed more relations with the adversary (blue = 605; AR = 4.1; red = 739 AR = –4.1), more conflict relations (blue n = 95; AR = —2.6; 1.4%; red n = 134; AR = 2.6 2.0%), and also more relationships with teammates (blue n = 24; AR = –2.4; 0.4%; red n = 44; AR = 2.4; 0.7%).

By segmenting records with Hunter and Hare roles exclusively, no significant effects could be found (p = 0.249; ES = 0.043), and the differences disappeared.



Physical effort in both teams

Based on all roles, the following statistical relevance was found (p < 0.001; ES = 0.051). The participation in the Marro game involved a mostly moderate energy (n = 2,302″; 34.3% of the time recorded) and also vigorous (n = 1,957″; 29.1%). Sedentary (n = 1,333″; 19.8%) and light interventions (n = 1,128″; 16.8%) reached lower values. The two teams showed similar sedentary conduct values (blue: n = 672″; AR = 0.3; 10.00%; red: n = 661″; AR = –0.3; 9.8%).

The blue team showed a mostly moderate conduct (blue: n = 1,219; AR = 3.5; 18.10%; red: n = 1,083″; AR = –3.5; 16.1%). The red team was more vigorous (blue: n = 952″; AR = 1.4; 14.2%; red: n = 1005″; AR = –1.4; 15.0%) and light (blue: n = 517″; AR = –3.1; 7.7%; red: n = 611″; AR = 3.1; 9.1%).

Exclusively in the Hunter and Hare roles, there were no significant differences in the level of effort between teams (p = 0.359; ES = 0.046).



Predictive capacity of variables on the conduct of both teams

Through the decision tree, the predictive capacity of the internal logic variables (Outcome, Role) and the different dimensions of the participants motor conducts (risk in the decision, type of relationship, level of physical effort) were studied (Figure 4).
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FIGURE 3. Temporary events and regularities in a sequence of game (taken from Casarrubea et al., 2015). The elimination of superfluous events on a timeline is the procedure applied in Figures 5, 6A,B. The bottom-line disorder hides a specific order based on events and time distances (top line).
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FIGURE 4. Classification tree (QUEST) to identify the predictive capacity of different variables that explain the Strategic Conduct of the Blue and Red Teams.


The roles included for the analysis were Home, Prisoner, Hunter, and Hare. The last two roles were associated with great variability in decision options, relationship, and level of physical effort. The proportion of cases correctly classified was 64.1%, the estimated risk of misclassification (0.359), and the standard error of classification (0.015) were calculated.

At all levels of the tree, some variables of the internal logic of the game appeared, such as the outcome (in the first three) and the role (in the last three). In addition, in the first three predictive levels, the outcome was the first explanatory variable.

In the fourth level, in addition to the Role, the variable Relationship was found. At the last level, Role and Energy variables emerged again. The risk type variable in the decision was not found as an explanatory variable of the conduct of the two teams. Most of the data (69%) corresponded to the prediction on the outcome ZE (0), no (–1), TW (+2), and TH (+3) (node 2).




Draw Outcome (ZE; Node 11 and Following)

The predictive variables were associated with the Role, which distinguished the intervention in Prisoner (node 17) and the role of Hare (node 22), in both cases more present in the red team than in the blue team. In contrast, the Hunter role was slightly higher in the blue team (node 22).



Unfavorable Outcomes

With the NO outcome (–1; node 12 and following). It appeared as a novelty that at Home, Hunter, and Hare roles (node 20) predicted the type of physical involvement of the teams (nodes 23 and 24), which distinguished light (node 23) from the rest of intensities of effort (node 24). In these cases, the red team was superior to the blue one. With the rest of unfavorable outcome (score), no more predictive variables were identified.



Favorable Outcomes

With the ON outcome (+ 1, next node 4) the same prediction of the role (distinction of the role of Prisoner from the rest) was originated to identify the strategic conduct of both teams. However, the roles HOM, HUN, and HAR predicted the relationship variable, differentiating the neutral relationship (node 15, higher in the blue team) from the adversary and partner relationship (node 16, slightly higher in the red team). With the rest of the favorable outcomes (scores), no more predictive variables were identified.




Results: Study 2

The results shown below respond to three complementary approaches. In the first two sections, the number of T-patterns found exceeded the proposed randomization, and this approach would be validated. Free interaction between Hunters and Hares as a whole during the game (section “Strategic Temporal Regularities in the Hunter and Hare Roles in the Marro Game”) was between Hunters and Hares of both teams (section “Interaction Between the Hunters of a Team and the Hares of the Rival Team”) and finally, the strategic forms between Hunters and Hares in their own team (section “Areas of Multimodal Strategic Chains”). This specificity approach, by studying the most decisive roles within the dynamics of the game, is unprecedented.


Strategic Temporal Regularities in the Hunter and Hare Roles in the Marro Game

Figure 5 shows the roles of Hunter and Hare while playing. Two large groups of strategic chains were observed:
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FIGURE 5. Dendrogram of temporal regularities between Hunters and Hares.



(a)Draw outcome and superiority, two points favorable


a.1Draw outcome. The first subgroup corresponded to the draw outcome. Two chains were identified (ze, zps, a, ri, m; ze, zps, a, ri, m), after that double sequence it was followed (ze, lhd, a, ri, v).

a.2With favorable outcome (+ 2): (tw, zps, a, ri, v tw, zps, a, ri, v).



(b)Draw outcome (score)


b.1The first subgroup was composed of two strategic chains (ze, zps, a, ri, v ze, lhd, a, ri, v).

b.2The second subgroup was composed of two chains. The first was made up of two strategic chains (ze, zps, a, ri, m; ze, zps, a, ri, v): the sequence of strategic regularities 360°could be expressed as follows: ((((ze,zps,a,ri,m ze,zps,a,ri,m) ze,lhd,a,ri,v)(tw,zps,a,ri,v))((ze,zps,a,ri,v ze,lhd,a,ri,v)(ze,zps,a,ri,m ze,zps,a,ri,v))).







Interaction Between the Hunters of a Team and the Hares of the Rival Team

This section considers the interaction of the Red Hunters with the Blue Hares (Figure 6A) and of the Blue Hunters with the Red Hares (Figure 6B).
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FIGURE 6. (A) left; (Red Hunters-Blue Hares) and (B) right; (Blue Hunters-Red Hares). Dendrogram of the temporal regularities the interaction between the hunters of a team and the hares of the rival team.


In general, in both dendrograms, there was some regularity in the use of ze, zps, a, ri, v (Draw-Chasing-Risky-Rival-Vigorous), but each team offered its own particularities. Specifically, to the left of the image, an unfavorable outcome in three units belonged to blue team with Hares trying to escape from adversary (Chain C1). This first chain was associated with the red team through two chains related to the Hunter in pursuit actions in a draw, and in moderate effort (C2) and vigorous (C3). In turn, the strategic chain (C2) and chain (C3) were closely linked.

On the other hand, the right side of the image revealed less variability than the previous dendrogram, given that only “Energy” presented changes. Thus, the strategic chain (ze, zps, a, ri) invariably appeared in the strategic sets, while the intensity of the effort changed between (C1) and (C2) from light to vigorous, respectively.



Areas of Multimodal Strategic Chains

In addition to the analyses performed, Figures 6, 7 were constructed to identify the frequency areas of 360° multimodal strategic chains of each team in the Hunter and Hare roles.
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FIGURE 7. Marro360° strategic chains used by the two teams in the role of Hunter.


Figure 7 shows the strategic chains most used by the teams (=2% intra-role: Hunter) in the game of Marro360°.

The Marro360°chain (ze, zps, a, ri, v) was the most used by the Hunters of both teams. Although the blue team surpassed (n = 81) the red team (n = 61), however, while the blue team obtained the second position (n = 45) (on, zps, a, ri, v), it was instead the strategic set (n = 54) (tw, zps, a, ri, v) achieved by the red team in the same second position. Within this last strategic set, the blue team was inferior (n = 11). Contrary to what happened with the Hare role, it was not possible to verify the exclusivity toward one of the teams, that is, both obtained some frequency.

However, the most used strategic chain in the second position by the blue team was registered with the On outcome (+ 1, n = 45) (on, zps, a, ri, v), while for the red team its second chain was identified with the outcome Tw (+ 2, n = 54, tw, zps, a, ri, v).

In general, regarding the differences between both teams, it could be seen that the red team was more active in the Hunter role (n = 40). These differences were found primarily in five sets equal to or greater than 12 units. While three sets of variables were found in the blue team (n = 12; nt, zps, a, ri, v) (n = 13; ze, zps, a, ri, v) (n = 13; ze, ztl, a, ne, m), two sets were identified in the red team (n = 20; no, ztl, a, ne, m) and (n = 43; tw, zps, a, ri, v).

Figure 8 shows the strategic forms of both teams. The sets of variables (frequencies) most used by the teams (=2% intra-role: Hare).
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FIGURE 8. Marro360° strategic chains used by the two teams in the role of Hare.


The more characterizing Marro360° strategic chains differed by teams. While the blue team (n = 41) used the first position (on, lhd, a, ri, v), in the red team it occupied the second position (n = 43). These few differences increased when comparing the two most used Marro360° strategic chains (ze, lhd, a, ri, v) by the red team (n = 70) against the blue team (n = 40). Other strategic forms Marro360° didn’t appear in the red team (n = 14) (ze, lpv, a, ri, m).

As in the Hunter role, the most active Hares were found in the red team (n = 54). When selecting the differences equal to or greater than 12 units, four sets were found, three favorable to the red team (n = 14; ze, lpv, a, ri, m) (n = 28; tw, lhd, a, ri, v) (n = 30; ze, lhd, a, ri, v) and one to the blue team (n = 13; nt, lhd, a, ri, v).





DISCUSSION

This research has responded to the objective of the two studies to determine the Marro360° multimodal strategic intervention (decisional, relational, and organic) of two teams that face each other in a Marro game based on the outcome and the roles of the game.

By participating in any TSG (and also in a sport), players try to respond to the problems proposed by the internal logic of that activity (Parlebas, 1988, 2001, 2017b) through motor conducts that testify to a decisional, relational, and energetic intelligence. Therefore, the effect of two independent variables from the game were studied: the score and the subroles associated with the Hunter and Hare roles on the dependent variables represented by Marro360° strategic chains. Each of these chains was simultaneously integrated by the type of response according to the decision risk (risk in the decision), the relationship, and the energy intensity (Reimers et al., 2018). It is unavoidable to mention that the methodological approach used by the present study became feasible, since the integration of different variables (dynamic score, role, subrole, relation, decision risk, energy) was addressed.

From this perspective, the study has revealed how two teams with antagonistic interests, subject to the same rules of the game, reveal a specific collective intelligence, through the analysis of individual motor responses (individually considered variables) but, above all, complex strategic chains Marro360° (decisional, relational, and energetic) capable of characterizing the participation of each team.

Knowing the internal logic of the game has led us to follow a consistent design of mixed methods (observational) (Camerino et al., 2012; Preciado et al., 2019), which has allowed expert observers to build a consensual registration system, viable in practice and reliable. Thus, the experiences of the teams have been recorded from a rigorous and ecological approach, capable of capturing the interactive spontaneity (Parlebas, 1988) of the context (Guerreiro et al., 2019). According to Marro’s internal logic, the timeline of events (Hancock and Block, 2012; Timoszyk-Tomczak and Bugajska, 2018) acquires special relevance unlike other traditional games or sports in which the temporal relationship is not so crucial to modify the outcome. The deep knowledge of the internal logic of Marro makes it possible to state with severity that the ability of teams to calculate and manage time is a distinctive feature of the motor conducts of the participants.

The Marro360° strategy of the game reaches its zenith in making decisions for the Hunter and Hare roles because they are the ones who can unbalance the scoreboard (capturing opponents or saving teammates). The study identifies the frequency of strategic chains for these roles (Figures 7, 8), as well as their temporal recurrence through dendrograms. The observation of each player, also explored in other ecological contexts of traditional and sports games (Araújo et al., 2014), has enriched the understanding of the strategic conduct of both teams.

The ambition of this study has been to address the analysis of the process of formation of Marro360° strategic chains in both teams from a multifaceted approach to the motor conducts of their players. This has been possible thanks to the use of mixed methods that have also been effective in other studies (Johnson et al., 2007; Anguera et al., 2018; Casal et al., 2019).

In a first overview of the game, the different types of statistical analyses (cross tables, classification tree, and the first dendrogram: Figure 5) show that the draw outcome (ZE) is a relevant variable of the strategic framework in the Marro game. In situations of equality on the outcome is when both teams generate greater numbers of T-patterns (Casarrubea et al., 2016, 2019b). This finding suggests a clear pedagogical transfer: teachers should teach students how to manage Marro360° strategies with the draw outcome, both at the start of the game and during the confrontation.

In this global perspective of the game, in the dendrogram, two key outcomes were observed: in a draw (ZE) and favorable outcome + 2 (TW) with the emergence of T-patterns (Casarrubea et al., 2018; Magnusson, 2020) of Marro360° in terms of temporal chains (((((ze, zps, a, ri, m ze, zps, a, ri, m) ze, lhd, a, ri, v) (tw, zps, a, ri, v tw, zps, a, ri, v)) ((ze, zps, a, ri, v ze, lhd, a, ri, v) (ze, zps, a, ri, m ze, zps, a, ri, v)))). These chains integrate the risky subroles (ri) Hunter-chasing (zps) and Hare-fleeing (lhd) of high rivalry relation directed to the adversaries (a), associated with a moderate-to-vigorous energy intensity (m-v).

This photograph of the temporal regularities of the game of Marro360°, although it did not distinguish the teams, shows the teacher the complexity of the strategic time management that emerged from the game, that is to say, the class group. However, we went further trying to interpret the Marro360° strategic intervention of both teams during the game. This challenge was specified when both teams participated in the roles of Hunter and Hare.


Marro360° Intervention of the Red Hunters on the Blue Hares (Figure 6A)

It should be noted that, in the Marro game, the Hunter and Hare roles are essentially operational procedures (Parlebas, 2019) that are decisive for modifying the outcome, although playing these roles does not imply winning the game directly. By including the outcome variable in the analysis, through crossed tables, differences in the outcome (p < 0. 001) of both teams were observed when participating under Hunter and Hare roles. With the outcome on disadvantage NT (–2), both teams show an unfavorable situation, although with a different proportion: blue team (n = 104; AR = 7.2; 6.8%) and red team (n = 38; AR = –7.2; 2.5%). When the outcome was favorable TW (+2), the red team (n = 134; AR = 6.9; 8.8%) exceeded the blue team (n = 33; AR = –6.9; 2.2%). In addition, in the dendrogram two T-patterns (Magnusson, 2020) were detected when the blue team intervened before an unfavorable outcome (ON = –1, lhd = flee, a = rival, ri = risky, v = vigorous). This chain was predictive (T-prediction) and more present in the blue team than in the red one, as shown in the second dendrogram (Figure 6A) (n = 5, length = 3), which confirms a situational advantage (Gómez et al., 2017) for the red team. This dendrogram was relevant since it offers a greatest complexity of temporal regularities between red team Hunters and blue team Hares, with similar analyses used in previous studies (Pic et al., 2018). Although other T-patterns were found in 70% of the records (as in Figure 6A), none of the following strings in the example were predictive (n = 5, length = 3) [tw, zps, a, ri, v (nt, lhd, a, ri, v tw, zps, a, ri, v)].

In relation to the role of Hunter, the results show that the red team exceeds the blue in frequency of strategic Marro360°chains. For the red Hunters, the Marro360°chain that best represents them is given with the outcome in advantage for an additional 2 points (TW = + 2, zps = Hunter-chasing, a = rival, ri = risky, v = vigorous). In addition, the classification tree has shown that the TW (+2) outcome was a key variable to predict the difference in the strategic behavior of both teams (node 13, red: n = 88; blue: n = 20).

On the other hand, despite the constant variability of the outcome in this game, the second-most frequent Marro360°chain of the red team was identified with an unfavorable outcome (NO = –1, ztl = Hunter-transfer, a = rival, ne = neutral, m = moderate).

Therefore, although it can be affirmed that, in general, in the role of Hunter the red team was superior to the blue one, it is also true that, in some sections of the game, the blue team acquired superiority over its rival. This test confirms once again the originality of this study against other precedents, when trying to reveal the process of the game, that is, the analysis of the strategic use of time in the sociomotor dynamics that originate the plays in the Marro game.



Marro360° Intervention of the Blue Hunters on the Red Hares (Figure 6B)

The third dendrogram (Figure 6B) showed little variability when blue Hunters faced red Hares. Marro360°chains appeared with the tie outcome (ZE), and only the energy intensity variable (light or vigorous) was modified [ze, zps, a, ri, l (ze, zps, a, ri, v ze, zps, a, ri, v)].

The interpretation of this finding may lead to several reflections. First, it is likely that from the moment the blue team Hunters vary their outcome they change the way they act and, therefore, no other combinations or outcome were observed. Sometimes, players start the game little concentrated or, facing too much novelty, they are less active as shown by the intensity of light energy. However, they become active quickly (vigorously) to get to hunt rival Hares.

As to why no T-patterns have been found between the red Hares and the blue Hunters, as was the case with the analogous dendrogram (Figure 6A), although with great caution, we are inclined to consider that surely these Hares offered more variety of responses than the answers offered by blue Hares since, if the blue team Hunters have been temporarily regular, some temporary regularity should also have been revealed. On the other hand, it could also be due to the great predominance of the blue team in Hunters, since a search was made of all the T-patterns (length = 3), and only the participation of the red team (Hares) was found in a dendrogram of all six found.

This finding suggests a direct transfer to the educational field: the educator should educate toward the coding and decoding of strategic messages. That is, teachers should stimulate in their students the creation (coding) of varied, unpredictable strategic messages that hinder the detection of Marro360°chains. In parallel, students should be encouraged to detect (decode) temporary regularities in the strategic action plan of the opposing team.

An unexpected finding in this game has been the non-detection of Marro360°chains aimed at saving partners, even though the Marro game allows one to gain an advantage on the outcome by saving teammates or capturing opponents. It has been observed that both teams used primarily regularities with opposition relations (capture) in the face of intra-team cooperation. The reason may be due to a poor strategic approach. It could be thought that the majority of the participants have a “sports footprint” as a result of their background in team sports in which victory is achieved through motor relations projected exclusively on the opponent (insert the ball into the goal or rival zone).

The theoretical procedures and the methodological design of mixed methods employed have allowed us to identify the strategic intervention of both teams, as well as finding T-patterns (Magnusson, 2000) based on outcome. This multifaceted vision allows an interpretation of the process followed during a game in the confrontation of two teams. The two groups were different because their 360° strategic chains were uneven. The risk in the subrole, the type of relationship, and the intensity of energy used have been different in both teams. Situational variables (Gómez et al., 2017) asks for managing time as a faithful ally and focusing on the dynamics of the interactive collective process (Gonçalves et al., 2016; Parlebas, 2019) of the intervening teams.

It has been observed that the red team was more active than the blue team in the roles of Hunter and Hare, which could explain its superiority. However, that reading should be done with caution, since, being a game with such a variable outcome, the momentary advantage could be changed to an unfavorable situation. It seems reasonable to interpret that when the Hare of any team intensified its activity, it was due to an emergency not chosen in that situation, in which the rival team had a domain or advantage over the subsequent options in the Marro game.

Deeply understanding the keys of the Marro game without referring to its temporal dimension would be a complex task, provided that the interactive process is considered relevant for the study of the game. Leaving Home “after” an adversary grants a strategic advantage. In addition, the time to make decisions is reduced, and the decision options are numerous and changing (Parlebas, 2010). Thus, choosing the right time to change roles (leaving Home, moving from Hunter to Hare, deciding whether to chase or flee, save or capture) is a key aspect of multimodal strategic intervention. There is scientific evidence that shows that Marro’s game relationships go from binary strategic relationships (Parlebas, 2019) in players aged 7–8 to relationships that increase in complexity (Morin, 1990) in adults. While a player is chasing an adversary (binary relationship), he/she is being chased by another rival (tertiary relationship), which in turn can be harassed by a partner (quaternary relationship).

Among the most notable limitations, the increase in participants would be advisable to know the aprioristic strategic plans of the players before starting the game, and their subsequent comparison would be a future line of suggestive exploration by research groups, as well as the used of test-posttest designs to find out specific T-patterns for each player. On the other hand, studying the emotional state of the players, as well as the personality traits of the participants, would offer great opportunities to get to know the player better and thus establish better curricular plans in the future. In this study, the scarcity of specific literature used mostly in discussion, responded to the small group of papers in line with the objectives of the study. Therefore, it was complex to establish direct comparisons with other groups and research studies.

The study reveals direct transfers in the educational field. The traditional game in general, and the Marro game in particular, offer an extraordinary setting to develop fundamental learning of physical education (Parlebas, 2017a, 2019). Educating strategies based on the outcome, especially when teams draw, trying to identify in the opposing team temporary T-patterns of multimodal 360°chains, as well as avoiding being predictable for rivals, are some pedagogical examples that emerge based on this experience.




CONCLUSION

The most relevant strategic chains in the Marro game have been specified from different variables and approaches. It is a game that made driving conducts of decision, relationship (Heider, 1946) (positive and negative valences), and physical effort emerge, which activate multimodal learning of motor skills in its participants (Parlebas, 2017a; Ward et al., 2017). Through Marro the participants developed values of coexistence necessary for current society, recognized by different official international initiatives of UNESCO (e.g., Kazan 2017 action plan, 2030 Agenda, Berlin Declaration, and the International Charter of EF, AF, and Sport).

This study has deepened on a 360° multimodal vision, rather unknown in studies around TSGs and sports. The variables and strategic forms (multimodal chains of Marro360° variables) used by two teams depending on the outcome, aligned with the temporal transience (T-patterns) and the sociomotor dynamics of the process rather than the final result, revealed the educational potential of this game (Parlebas, 2019). The internal logic of the Marro game asks the protagonists to intervene in a systemic (multimodal) way, activating at the same time the decision, the relationship, and the intensity of energy according to their strategic interests (Lavega et al., 2016).

The analysis made by using the classification tree confirmed the great relevance of the outcome and role variables and, to a lesser extent, energy and relation, as predictive factors of the conduct in both teams. More specifically, the Hunter and Hare roles were decisive for the study of Marro, since the dominance of the red team over the blue team nested on favorable outcomes, but also on the role, with greater exposure and development of the most decisive roles. This suspected predominance was intensified when the Hunters in the blue team and the Hares in the red team generated a dendrogram with a more favorable outcome (score) for the team of the Hares (belonging to the red team). However, in the homologous dendrogram, no T-patterns were identified for Hares in the red team (Figure 6B). This finding could be related to the high decision variability of the role of Hare in the red team, or due to the scarcity of actions by Hunters belonging to the blue team and/or their limited strategy. Therefore, playing is not neutral. The physical education teacher has evidence on (multimodal) development in the game of Marro360°. Knowing hosted information about players and strategic roles (decisional, relational, and organic) can help teachers make better decisions in their daily tasks.
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This study aimed to analyze the elite badminton players’ on-court movements related to contextual variables (game, round, and match status). A total of 18 matches of the Jakarta 2015 World Championship (1,273 points and 5,710 play actions) were examined by univariate and bivariate analyses. Significant differences were found when comparing the players’ on-court movements related to game, round, and match status (p < 0.05). All movements were executed more frequently in game 2, with the exception of diagonal large backward left (DLBL), diagonal short backward left (DSBL), diagonal short backward right (DSBR), and longitudinal short backward (LSB). The results obtained related to the round showed that longitudinal large backward (LLB) was the most frequent footwork in R1/16 and R1/2, diagonal short forward left (DSFL) was the most frequent one for R1/4, and transversal short right (TSR) was the most used movement for the final round. According to match status, no movement (NM) was the most common situation before hitting the shuttlecock at any moment during the match. This study shows how contextual variables modulate the elite players’ on-court movements. This information could be valuable for coaches and players, allowing them to better understand the players’ behavior in a competition, which could be used to design more specific training tasks and prepare match strategies in order to improve the players’ performance in competitions.

Keywords: observational methodology, match analysis, motor behavior, situational variables, badminton


INTRODUCTION

Badminton is one of the most popular racket sport in the world (Phomsoupha and Laffaye, 2015). Practice increased after inclusion in the 1992 Olympic Games and after the scoring system changed, making it a faster and more exciting sport (Chen et al., 2011). It requires athletes to be in good physical shape to perform fast and sudden movements such as jumps, landings, and changes of direction (Shariff and Ramlan, 2009; Kuntze et al., 2010; Phomsoupha and Laffaye, 2014) to hit the shuttlecock from different positions (Phomsoupha and Laffaye, 2015) and perform different kinds of shot (Cabello, 2000). To determine the game demands, researchers need to analyze precisely the different match movements and movement patterns (Hughes et al., 2009). Going into detail about knowledge of performance factors is crucial for methodological approaches and for a more general understanding of sport sciences (Drust, 2010).

Badminton is a highly explosive and intense sport (Kuntze et al., 2010; Reilly et al., 2013), and players require very fast footwork to reach the shuttlecock and back to the center of the court (Phomsoupha and Laffaye, 2014). However, researchers have showed little attention to the performance factors related to the players’ on-court movements. In other racket sports, scientific knowledge of the players’ footwork is more extensive. For example, in table tennis, Pradas et al. (2012) indicated that table tennis players perform technical gestures at maximum speed together with brief and swift traveling steps to constantly change direction, as it occurs in badminton. Malagoli Lanzoni et al. (2007) defined the different types of steps used by table tennis players and their frequency. Malagoli Lanzoni and Lobietti (2009) confirmed that the step most often used was the one step, even for players form different levels (Malagoli Lanzoni et al., 2013a). Malagoli Lanzoni et al. (2013b) found out that one step was the step most often used by males (31.9%), while stroke without step was the one most often used by females (43.6%). In tennis, some studies have analyzed the direction of the players’ movement (Weber et al., 2007), indicating that a tennis player performs 72% of his movement along the baseline, 17% forward, and 8% backward. Hughes and Meyers (2005) analyzed the movement of tennis players and reported that 67% of all movement was initiated with a split step, which is typically timed to coincide closely with the opponent’s ball contact.

In badminton, as far as we know, only three recent studies about footwork were found. Abdullahi and Coetzee (2017) determined the relationships between singles match strokes and foot movements in male badminton players who participated in the African Badminton Championship, indicating that, on average, the foot movements per match were chasse step (174.6), shuffle (161.7), split-step (61.6), half lunge (52.20), forward lunge (46.1), and scissors kick (38.3). Valldecabres et al. (2017) analyzed the gender differences in the players’ behaviors during the final singles matches of the 2015 Badminton World Championship, focusing on time events, shots, and court movements. They indicated that hitting the shuttlecock without any previous displacement predominates over the rest of the foot movements for both genders. In addition, this study showed that more than 50% of the successful court movements correspond to diagonal. Similarly, it has been shown that, 20% of the time, the players hit the shuttlecock without making any previous movement, which, in turn, is the least successful movement pattern in both finals. Previously, Kuntze et al. (2010), through a video-based pilot study, stated that almost 15% of all the players’ displacements during competitive singles matches were lunges, so they were the most frequent movements in badminton.

Besides that, when the players’ performance is evaluated, researchers should take into account that the competition context is a key factor that can modify it. Several works have analyzed the match based on the game and the competition level in badminton. Recently, Primo et al. (2019) analyzed the interactive effects about the success of the challenge according to the contextual variable identifying that the success of a challenge is affected by who and when the request is made so that the players could improve their strategic plans that involve selecting the most appropriate moment to request the hawk-eye. Chiminazzo et al. (2018) identified that the play-off phase showed higher total time, rest time, points played, and shots per rally when compared with the group stage. The frequency of serve, net, smash, and total shots were also significantly higher in the play-offs. Torres-Luque et al. (2019) found out game differences regarding timing factor in single and double matches from play-off and group phase. Gómez et al. (2019) analyzed timing and technical performance differences between elite men and women’s badminton players and observed gender differences during games 2 and 3 as the match progressed. Abián-Vicén et al. (2013) analyzed 20 singles matches from the Beijing 2008 Olympic Games and did not find timing variable differences between games 1 and 2.

No previous badminton work that analyzes the badminton game performance based on match status variable (draw, lose, and win) has been found, but it has been explored in other sports such as football. According to Casal et al. (2017), the match status influences the players and the teams’ behaviors. These authors analyzed the effects of a match status on corner kick performance indicators in 95 matches played during the final stages of the 2012 UEFA European Championships and the 2010 FIFA World Cup. The results showed that, when a corner kick is taken during the last 30 min of the match, teams that are losing would place six or more attackers in the shooting area, while teams that are drawing would place two to five attackers in this area. In the same situation, the teams that are drawing would place one to two defenders at the goalposts, while the winning teams would place none. For that reason, we hypothesized that similar findings could be found in badminton where players can modulate their behavior depending on their match situation.

To the best of our knowledge, there are no previous studies that analyze the interaction of contextual variables (game, round, and match status) on the players’ on-court movements. For that reason, the purpose of this study was to analyze the elite badminton players’ on-court movements related to contextual variables (game, round, and match status). This information could be used to design more specific and quality training tasks. Furthermore, knowing how contextual categories determine the players’ footwork would be valuable for coaches and players, allowing them to prepare match strategies related to game, round, or opponents’ play level in order to improve their performance in a competition.



MATERIALS AND METHODS


Design and Sample

A systematic observational methodology, with a non-participant observer and in a natural context, was applied since it was considered as the most suitable for its characteristics of natural context, spontaneity, and perceptiveness (Anguera, 1979; Blanco and Anguera, 2003). This work is designed to match the IV quadrant: nomothetic observational design (plurality of units), intersessional following (more than one session throughout the time), and multidimensional (simultaneous and concurrent different answer levels are considered in the observational tool) according to Anguera et al. (2001).

A sample of 18 men’s single matches from the 2015 Jakarta Badminton World Championship was randomly selected and analyzed (1,273 points and 5,710 play actions), with 10 from round 1/64, three from round 1/16, two from round 1/4, two from round 1/2, and one from the final round. Neither round 1/32 nor round 1/8 matches were selected because of the method used to randomize the sample1. These players were the best in the world at the time of the analysis.

All videos were taken from the official website of the International Badminton Federation2. According to the Belmont Report (1978), the use of public images for research purposes does not require informed consent.



On-Court Movements and Contextual Variables

The variable “court movement” is defined as the movement trajectory executed by the observed player, taking into account the starting zone and the ending zone. The badminton court was previously divided into 12 identical dimension zones or quadrants (Z1, …, Z12) (Figure 1). The starting zone refers to the quadrant where the observed player is when the opponent hits the shuttlecock, and the ending zone refers to the quadrant where the observed player hits the shuttle back to the opponent’s court.


[image: image]

FIGURE 1. (A) Badminton court divided into 12 identical zones. (B) Example of a diagonal short forward right movement. (C) Example of a transversal large left movement.


The players’ on-court movements are classified according to the Badminton Observational Tool previously validated by Valldecabres et al. (2019). They are defined taking as reference the plane in which it is executed – longitudinal (L), transversal (T), and diagonal (D); the distance traveled – short (S), large (L), and no movement (NM); and the direction of the movement, taking as a reference the starting position with respect to the net – left (L), right (R), forward (F), and backward (B). The blend of all the criteria mentioned above results in the next code list: DLBL – diagonal large backward left, DLBR – diagonal large backward right, DLFL – diagonal large forward left, DLFR – diagonal large forward right, DSBL – diagonal short backward left, DSBR – diagonal short backward right, DSFL – diagonal short forward left, DSFR – diagonal short forward right, LLB – longitudinal large backward, LLF – longitudinal large forward, LSB – longitudinal short backward, LSF – longitudinal short forward, NM – no movement, TLL – transversal large left, TLR – transversal large right, TSL – transversal short left, and TSR – transversal short right. Figure 1 shows the court zones and DSFR and TLL movements as examples.

The on-court movement’s comparative analysis has been carried out with the serve actions removed because they are executed from a static position as established by the game rules.

Also, as a contextual variable, match status was noted as win (when the player is ahead on score), lose (the player is behind in the score), and draw (when the game is a tie). The other two contextual variables are game and round. A previous study has shown different demands according to championship stage, so it should be interesting to see if the on-court movement patterns change during the championship (Chiminazzo et al., 2018; Torres-Luque et al., 2019). In this study, only the first and the second games of each match were considered. The third game of three games was discarded to keep the analysis in concordance with the data being compared to.



Procedure

The matches were recorded from TV emitted images and were registered and analyzed post-event by three experienced badminton coaches by using the previously validated tool of Valldecabres et al. (2019). LINCE software program (Gabin et al., 2012) was employed for visualizing the recorded matches and registering the qualitative data (game, round, and match status). KINOVEA v.0.8.27 was used to draw the 12 court zones and register the on-court players’ footwork on the 12-zone stencil (see Figure 1), and IBM SPSS Statistics v.23 (SPSS Inc., Chicago, IL, United States) was used for statistical analysis.

Prior to data collection, the observers were trained following the protocols of Losada and Manolov (2015) during 10 sessions using the consensual agreement method among observers as described by Anguera (1990) so that recording was only done when agreement was produced. Inter- and intra-observers’ reliability for match analysis was assessed using Cohen’s Kappa criterion (Cohen, 1960). Intra-observer reliability was completed by the observers, coding five random matches selected from the data sample. Following a 5-week period, to avoid any possible negative learning effects, the matches were recorded and the two data games were compared. Inter-observer reliability was performed by coding of one random match by two observers. Based on the reference criteria proposed by Fleiss et al. (2003), the intra-observer and the inter-observer agreement in the present study can be considered as “almost perfect” (Table 1).


TABLE 1. Inter- and intra-observers’ Cohen’s Kappa reliability results.
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Statistical Analysis

Two different analyses were carried out. First, a univariate analysis was executed to show absolute and relative frequencies and the mean and standard deviation (SD) of the players’ on-court movements related to each contextual variable observed (game, round, and match status). This analysis allows describing the players’ on-court movements referring to match contextual variables. Furthermore, the players’ on-court movements were analyzed separately in trying to determine if the players’ behaviors were modulated by the contextual variables observed and if those relations were statistically significant. The following associations were tested using one-way chi-square (χ2) test to determine the association between different situational variables (independent variables) and the dependent variable (players’ on-court footwork): (1) players’ on-court movements within each game, (2) player’s on-court movements within each competition round, and (3) players’ on-court movements in relation to match status. Statistical significance was defined as a p-value < 0.05.



RESULTS

Table 2 shows the descriptive analysis of the players’ on-court movements per game. All movements were executed more frequently in game 2, with the exception of DLFL, DSBL, DSBR, and LSB. DSBL (53.4%) was the commonest one during game 1, while TLL (60.4%) showed higher values on game 2. Furthermore, the players’ on-court movements were associated with game (χ2 = 0.075, p = 0.027).


TABLE 2. Players’ on-court movements per game.

[image: Table 2]When analyzing the players’ movements related to the direction traveled, it could be seen that the on-court footwork follows a similar pattern in both games, with diagonal court movements as the most frequently used and longitudinal movement as the least frequently used. In addition, significant differences between games have been found (χ2 = 0.047, p = 0.011). Diagonal and NM showed higher values in game 1 than in game 2; meanwhile, longitudinal and transverse were more often used in game 2. Analyzing the distance of gathered on-court movements, short court movements were the commonest ones and NM were the least frequently used in both games. However, these results were not statistically significant (χ2 = 0.025, p = 0.206).

Table 3 shows the analysis of the players’ on-court movements per round. It could be observed that the highest values for all kinds of on-court movement were found in the final round, except DLBR that was more frequent in R1/2 (7.2%), DSFL that was frequently used in R1/4 (7.6%), and LLB (13.3%) and NM (6.8%) that were more frequent in R1/6. Significant differences between the players’ on-court footwork related to that of the championship round have been found (χ2 = 0.081, p ≤ 0.001).


TABLE 3. Players’ on-court movements per round.

[image: Table 3]Focusing on the plane and the distance of gathered on-court movements, it could be observed that in the first round (1/64) of the championship, NM was the commonest situation when hitting the shuttlecock. In the middle rounds, the players regularly performed longitudinal court movements, while in R1/2 and in the final round, the mostly used footwork was that of diagonal movements. Statistically significant differences were found for all variables (χ2 = 0.057, p < 0.001). Regarding the analysis of distance covered by gathered on-court movements, significant differences between rounds could be identified (χ2 = 0.057, p < 0.001). Specifically, in rounds R1/64 and R1/16, NM is where the players often hit the shuttle. In R1/4, short footwork was the commonest displacement, while in R1/2 and in the final round, large movements were the most frequent player movements.

Analyzing the players’ on-court movements per match status (Table 4), it can be observed that DLBL, LLB, LLF, LFS, and TSR were the most frequently performed movements when the player is down on the scoreboard, while DLBR, NM, TLL, and TSL were the most frequently executed movements when the player is winning the score. There was a significant association between the players’ on-court movements and the match status (χ2 = 0.070, p < 0.000).


TABLE 4. Players’ on-court movements per match status.

[image: Table 4]Table 4 also shows that whatever the match status was, diagonal movements were the most frequently used, while longitudinal movements were the least performed by the badminton players, and these differences were statistically significant (χ2 = 0.036, p = 0.048). Diagonal and transverse movements were more frequent when the player is ahead on the scoreboard, while longitudinal and NM movements were more executed when the player is behind on the scoreboard. On the other hand, a comparative analysis of the gathered on-court movements related to distance covered by players per match status showed different patterns, although statistically significant differences have not been found (χ2 = 0.012, p = 0.816). Large footwork was more frequent when the players were winning, NM movements were commonly used when they were losing the score, and short ones were the most frequently executed when the players were drawing.



DISCUSSION

Data referring to the players’ on-court movement categories per game provide statistically significant results (χ2 = 0.075, p = 0.027). The most frequently executed movements mentioned above are commonly used in the defensive players’ strategy in terms of shots (Cabello, 2000) or when it is not possible to get a good hit of the shuttlecock but with enough time to send it to a place far away from the opponent. The onset of game 2 on a fatigued state would be the reason why the players are not able to perform good footwork along the court (Girard and Millet, 2009), combined with weak positional play, which result in losing the court position or executing forced hits (Lees, 2003). Moreover, the players get a reduction on force and powerful capacity on a fatigued state, so the fatigued players could tend to perform “natural hitting,” which could be defined as the most natural joint movement instead of trying to make a more precise and technical one (Enoka, 2008).

Comparing plane gathered on-court movements per game shows statistically different patterns (χ2 = 0.047, p = 0.011), which could be due to the increase of net and lob shots in game 2 because of the onset of fatigue. It produced a lower diagonal footwork by not allowing the ability to repeatedly perform sprints and strokes (Girard et al., 2008) where the players approach the net, so in game 2, the players’ need to do fast lineal (longitudinal and transverse footwork) movements to hit the shuttlecock. These results are close to those obtained by Valldecabres et al. (2017). However, there are some differences that could be explained because these authors analyzed all shots, without discarding serves. Moreover, their sample corresponds to both genders when it is known that the players’ behavior differs between men and women (Abián-Vicén et al., 2013). On the other hand, NM shows lower values for game 2, which could be due to the onset of the players’ fatigue or the technical modifications affected by fatigue, which would imply the execution of very slow on-court movements or not as fast as needed along the court for them to recover the defensive position (Girard and Millet, 2009).

The comparative analysis of the players’ on-court movements per round shows different behavioral patterns when compared across championship rounds (χ2 = 0.081, p = 0.001). In particular, in Table 4, it could be seen as different on-court frequency varies between rounds and, in each one of them, different on-court footwork patterns were performed. In R1/64, the most frequent footwork was NM, perhaps because the athletes did not seek an aggressive game since they were identifying the strategies of the opponent.

In terms of results according to footwork plane, diagonal movements were the most performed whatever the round was (p = 0.001), which coincides with the results of Valldecabres et al. (2017). Perhaps this result was obtained due to the fact that they are players of high technical level and, that said, they always try to anticipate the shuttle, always moving diagonally to hit it and thus reducing the opponent’s response time. In addition, the analysis of distance covered by gathered on-court movements per round showed statistically significant differences (χ2 = 0.057, p = 0.001), indicating that NM was the lowest value percentage for the final round. That could be explained by the players’ technical and tactical skills, which forced the opponent to carry out a greater number of court movements.

Analyzing the players’ on-court movements per match status, it could be seen that the players’ footwork pattern is influenced by this variable (χ2 = 0.070, p = 0.000). At all moments during the match, NM was the most common situation before hitting the shuttlecock. That seems to confirm our hypothesis mentioned above: the new badminton playing style implies hitting the shuttlecock back to the opponent’s body instead of doing it to the further opponent’s corner as per the proposal of Cabello (2000). This strategy would reduce the chance of hitting the shuttle back. Other on-court footwork commonly used were DLBR and DSBR because sending the shuttlecock far from the opponent is part of badminton’s internal locus, while TLL was the least frequently used movement because it is an easy return for the opponent, shifting from offensive to defensive phase. In addition, it has been checked that most of the footwork were performed when the scoreboard was in draw, except DLBL, LLB, LLF, LFS, and TSR that were predominantly performed when losing the score or DLBR, NM, TLL, and TSL that were commonly used when winning in the scoreboard.

Data obtained for plane gathered on-court movement according to match status showed significant differences (χ2 = 0.036, p = 0.048), which was similar to the results of Valldecabres et al. (2017). It was verified that diagonal footwork was the most frequent at any scoreboard result. It is considered as a natural way of playing badminton because the players need to widen the court to recover the offensive strategy, independent of the scoreboard. This may be due, as Cabello (2000) states, to the badminton internal locus, which consists of sending the opponent to the far side of where he is waiting for the next shot, making diagonal movements regardless of the scoreboard. In addition, it has to be noticed that longitudinal and NM footwork were performed mainly when the player was down on the score, perhaps due to a not technically good shot which prevents one from performing skilled maneuvers. On the contrary, when the players were up on the scoreboard, the players performed higher transversal and diagonal footwork.

A comparative analysis of the distance gathered on-court movements depending on match status showed a greater value for large footwork when the player was leading the match. It could be assumed that the winning players are capable of making a greater number of long court movements, indicating that they are fitter to reach that court area which the opponent has sent the shuttlecock to. The obtained results confirmed the initial hypothesis and the situational variables analyzed to modulate the players’ on-court behavior.

One of the main limitations of this study is that only the 2015 World Championship was studied, so it would be necessary to broaden the sample by analyzing a larger number of matches corresponding to the National Leagues in order to extrapolate the findings. In addition, game 3 could add valuable information about the players’ behavior under a fatigued state and should be analyzed in future works. The differences shown by the statistical analyses give information about the players’ strategy changes all through the championship; however, it is still not clear where these differences come from. A deeper analysis on this line should be performed in future lines to know about the variances. Finally, it is important to mention that the interaction of the on-court players’ footwork results shown previously could not be compared with that of other studies due to the absence of related information.



CONCLUSION

The game behavior differences of high-level players (best players in the world at the moment when this research was carried out) focusing on game, round, and match status have been studied. In general, all movements were executed more frequently in game 2, while different on-court movements were observed depending on the round, and according to match status, NM was the most common situation before hitting the shuttlecock at any moment during the match. The main conclusion taken from the results is that the contextual variables analyzed (game, round, and match status) have significant correlations with the on-court movements executed by elite badminton players during the championship matches, which demonstrates that the players may modify their behavior due to fatigue or a change in their strategy. With this information, the players could improve their endurance to get to the end of the match with less fatigue, which could result in a better championship score. The information shown above could provide a deep understanding of the players’ game behavior. Therefore, coaches and players could use it as a source document in order to design more specific training tasks and match strategies that will enhance the players’ performance in competitions.
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Combine measurement variable

Definition and measurement protocol

Height without shoes
Weight (kg)
Wingspan

Standing Reach

Body fat Percentage

Hand Length (cm)
Hand Width (cm)
No Step standing vertical Jump (cm)

No Step Vertical Reach (cm)

Maximum Vertical Jump (cm)

Maximum jump reach (cm)
Bench Press
Lane Agility

Three-quarter court sprint (s)

Height is measured in feet and inches using a physician scale, while the player is not wearing shoes.

Body weight is measured using a physician scale

The tip of the left hand to the tip of the right hand is measured in feet and inches using a measuring tape, while the player is
stretching the arms horizontally.

The player is standing straightly and reaching both arms up, making them vertical to the floor, while their longest tip of their
hands to the floor is measured using a measuring tape.

Body fat percentage is assessed by measuring the skinfold thickness of pectoral, abdomen, and quadriceps using a skinfold
caliper.

The length from the bottom of player’s palm to the tip of the middle finger measured with a measuring tape.

The length from the tip of player’s thumb to the tip of the small finger measured with a measuring tape.

Without running, the player starts with both feet flat on the floor and jumps vertically as high as possible and taps the Vertec
device. And then the difference between the standing reach and the no step vertical reach measured is measured.

The height of Vertec device a player reaches when executing no step jump.

With running, the player jumps vertically as high as possible and taps the Vertec device. The player can take any number of
steps as long as the approach distance is between the free-throw line and a 15-foot (4.6 m) arc, and can choose either a
one-foot or two-foot takeoff. The difference between the standing reach and the maximum jump reach is measured.

The height of Vertec device a player reaches when executing maximum vertical jump.

The total number of completed repetitions a player has while performing 83.9 kg bench press with a standard, proper technique.
A cone is placed at each of four corners of the lane. Starting from the left corner of the free-throw line, the player runs forward
to the baseline, side-shuffle to the right corner of the lane, backpedal to the right corner of the free-throw line, and side-shuffle
to the left to go back to the starting point. Then, the player changes the direction, side-shuffle to the right corner of the
free-throw line, runs forward to the baseline, side-shuffle to the left corner of the lane, and backpedal to go back to the starting
point. The score is the time to cover the distance measured in seconds.

Two cones are placed at corners of the lane along the baseline, and other two cones are placed at the corners of the opposite
free-throw line. The player sprints from the baseline to the three-quarter length of the court as fast as possible, and their time is
measured.
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Position PG SG SF PF C
Result Drafted Undrafted Effect Drafted Undrafted Effect Drafted Undrafted Effect Drafted Undrafted Effect Drafted Undrafted Effect
N range: 85-183 54-501 Size 120-270 82-588 Size 86-252 48-387 Size 108-269 74-576 Size 70-183 45-377 Size
Variables (unit) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
Height (cm) 186.3 (5.4) 183.9(5.4) *0.45 1925(4.5) 1899 (4.3) **0.58 198.1 (5) 196.8 (5) *0.26 203.5(3.9) 201.6(3.6) *0.50 207.9(3.9) 206.5(4.3) **0.34
Weight (kg) 85.4 (6.8) 81.8(7.3) *0.50 91.1(6.5) 87.7 (8) =019 97 (6.9) 94.4 (85) *0.16 105.9(8.2) 102.3(9.5) *0.19 111.5(8.9) 110.2(12.4) 0.06
Wingspan (cm) 198.0 (7.3) 193.4(6.8) **0.65 204.5(6.2) 199.9(6.3) **0.74 209.9 (6.6) 207.6(6.6) **0.34 2166 2132®.1 049 2214708 21Z7(8.1) ™0D55
Standing Reach (cm) 247.8(8.2) 244.6(8) **0.40 256.4(6.7) 252.6(6.6) **0.57 264.1(7.6) 263.3(7.2) 0.10 272 (5.5) 269.4(B7) *04B6 2782(B4) 276263 *032
Body Fat (%) 6.1 (1.8) 7.4 (25) *0.27 6.5 (2) 7.1 (2.6) **0.16 6.8 (1.8) 76(25) *0.19 8.2 (2.9 8.8 (3.4) 0.08 8.8 (3.7) 10.2 (4.1) *0.34
Hand Length (cm) 21.2 (1.0) 21.1(1.5) 0.08  21.9(0.9) 21.6 (1.3) 028 224() 225 (1.4) 010 228(.1) 23 (1.4) 0.09 236(1.3) 234115 0.12
Hand Width (cm) 229 (1.4) 22507 0.28 236 (1.6) 23.4 (1.6) 0.08 23.9(1.6) 24 (1.3) 0.09 244(1.8) 24.3(1.9) 0.04 252(1.7) 25.2 (2.0) 0.02
Standing Jump (cm) 76.5 (7.8) 72.4(8.4) *0.50 76.2(7.0) 73.2(9.0) *0.18  74.9(7.7) 70.6 (9.9) *025 73.7(7) 70.7 (8.7) *0.19  70.8(7.7) 65 (8.3) **0.73
No Step Reach (cm) 324.0(9.6) 317.7(10) **0.64 332.8(8.4) 326.2(9.7) *0.73 339.1(8.7) 334.4(9.8) **0.50 345 (6.7) 340 (9) *0.30 348 (7.1) 3411 (8.7) **0.39
ax. Jump (cm) 91.9 (8.7) 86.6 (10) **0.57  90.8 (8.1) 88 (10.3) **0.15  88.6 (8.4) 83.6 (10) **0.63 85.5(7.5) 82.8(9.1) *0.17  81.1(8.6) 75.8 (8.6) **0.62
ax. Reach (cm) 339.5(9.7) 332.1(11) *0.71 347.5(8.6) 341.3(10.2) *0.66 350.9 (27) 347.6 (10) 0.16 3566.7 (7.3) 352.2(9.1) *0.27 358.1(7.4) 3525(8.7) **0.33
Bench press (rep.) 9.1 (4.5) 9.7 (5.2) 0.14 9.7 (4.8) 10.6 (6.4) 0.18 10.5 (6.0) 11.0 (6.5) 0.10 129 6.2) 12.9 (6.4) 0.01 12.0 (6.0) 12.2 (6.7) 0.04
Lane Agility (s) 11.1(0.45) 11.4(0.57) **0.28 11.2(0.47) 11.5(0.68) **0.27 11.3(0.49) 11.6 (0.85) **0.20 11.6 (0.54) 11.9(0.71) **0.20 11.9(0.63) 12.3 (0.68) **0.61
Sprint (s) 3.2 (0.1) 3.3 (0.16) **0.34 3.2 (0.13) 3.3 (0.19) **0.20 3.3(0.13) 3.4 (0.20) **0.21 3.3 (0.15) 3.4 (0.18) **0.20 3.4 (0.17) 3.5 (0.20) **0.54

PG, point guard; SG, shooting guard; SF, small forward; PF, power forward; C, center; M, Mean; SD, Standard deviation; rep., repetition; Italics are effect sizes for Man-Whitney U test. Legend: *p < 0.05; **p < 0.01.
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Variables (unit) PG

Height (cm) —0.58"
Weight (kg) —-0.29
Wingspan (cm) —0.58*
Standing Reach (cm) —0.55%
Body Fat (%) 0.54*
Standing Jump (cm) —-0.10
No Step Reach (cm) —0.53"*
Max. Jump (cm) -0.30*
Max. Reach (cm) F
Lane Agility (s) 0.20
Sprint (s) 0.28
Wilks’ lambda 0.81
Chi-square (x2) 34.49
Significance <0.001
T];Z) 0.07**
r2 0.19**
Reclassification (%) 68.3

SG SF
—0.74%  0.26
—-020 —0.04
—0.69*  0.46*
—0.68" N/A

0.44%  —0.67*
—0.11 0.28
—0.64% 053"
-0.18 0.48*

F NA

024 -0.18

013  —0.11

0.87 0.94
31.15 9.44
<0.001  0.398

0.05*  0.02*

0.13%  0.06*
66.4 59.9

PF

0.38*
0.33*
0.42%
0.44%
N/A
0.38"
F
0.33"
F
—0.46"
—0.38*
0.83
76.89
<0.001
0.06*
0.17*
68.4

(¢

0.55"
N/A
0.44*
0.32*
—0.35*
0.41%
F
0.36"
F
—0.31*
0.09
0.81
27.86
<0.001
0.07*
0.19%
71.4

#Structure coefficient > 0.30|; *small effect; **moderate effect; N/A denotes the
variable that was not used in discriminant analysis according to the results of
Table 1; F denotes the variable failing the tolerance test (minimum level = 0.001).
Standing Jump, No Step standing vertical Jump; No Step Reach, No Step Vertical
Reach; Max. Jump, Maximum Vertical Jump; Max. Reach, Maximum jump reach;

Sprint, Three-quarter court sprint.
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Ratios to compare

Direct observation
72/94 =0.76
Observational design
21/94 = 0.22
Observational instrument
54/94 = 0.57

Coding with software
44/94 = 0.47

Frequency parameter (only)
78/94 = 0.83

Control qualty of data
64/94 = 0.68

Only descriptive statistics
6/04 = 0.06

Only descriptive statistics
6/94 = 0.06

Indirect observation

22/94 =023

Not observational design
78/94 = 0.78

Not observational instrument
40/94 = 0.42

Coding without software
50/94 = 0.53

Order parameter

16/94 =0.17

Not control quality of data
30/04 = 032

Data analysis (not descriptive)
74/94 = 0.79

Detection of regularities.
15/94 =0.16

p-value

<0.001

<0.001

0.04

0.41

<0.001

003
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FO/SC Some software  Frequency
FC/SC Some software  Frequency
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Domain C: results

Data analysis and
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Category

Goals
Bal Possession
Corner

Winning, draw, losing
Passes

Home and away
Distance and speed
1x1 Duel

Fouls and cards
Penalty

Free kick

Attackers

Defenders
Classfication

Tactios

Transition

Formation

Articles order number

1,4,6,6,11, 12,16, 17, 21, 22, 23, 24, 25, 29, 39, 40, 42, 43, 46, 58, 61, 63, 64, 72, 76, 84, 85, 86, 91, 92, 93.
2,6,7, 10, 11, 12, 13, 15, 16, 24, 25, 26, 29, 32, 48, 50, 53, 55, 62, 63, 68, 69, 83, 85, 86, 90.
4,5,14,16,20, 21, 25, 27, 29, 44, 48, 53, 58, 61, 63, 64, 68, 69, 71, 77, 78, 84, 91, 92, 93.
1,3,17, 18,19, 20, 21, 29, 30, 47, 48, 52, 53, 58, 61, 68, 73, 76, 77, 84, 90.

5,6,7,14,15, 16, 24, 44, 47, 48, 51, 55, 58, 72, 73, 77, 78, 86, 92, 93.

1,13, 16,29, 33, 40, 41, 44, 47, 48, 51, 52, 63, 64, 90.

8,9, 15, 29, 35, 36, 37, 38, 45, 63, 67, 81, 87, 88, 89.

6,7,11,12,18, 41,55, 61, 65, 78, 88, 92, 93.

16, 26, 29, 44, 48, 53, 65, 80, 83, 87.

4,5, 14, 85,77, 88,92, 93.

14,568, 78,91,92,93.

3,17,18,20, 58, 73.

3,18, 20, 68, 69.

3,20, 68, 69.

17,76, 74,92

19,72, 90.

15,88, 89.

Quantity

31
26
25
21
20
15
15
13

©w s s ®

%

32.98
27.66
26.60
22.34
21.28
16.96
16.96
13.83
9.57
851
6,38
6.38
5.32
4,26
426
3.19
3.19





OPS/images/fpsyg-10-02077/fpsyg-10-02077-t005.jpg
Number References

1 Almeida et al., 2014

2 Andrade et al., 2012

3 Arda etal, 2014

4 Armatas and
Yiannakos, 2010

5 Armatas et al., 2009

6 Barbosa et al., 2014

7 Barreira et al., 2014

8 Barros et al., 2007

9 Bradley et al,, 2009

10 Braz and Marcelino,
2013

1" Buraczewski et al.,
2013

12 Busca Safont-Tria
etal, 1996

13 Camerino et al., 2012a

14 Carey et al., 2001

15 Carling, 2011

16 Caséis et al., 2011

17 Casal etal., 2014

18 Casal etal., 2016

19 Casal et al., 20152

20 Casal etal., 2017

21 Casal et al., 2015b

22 Castaiier etal., 2016

23 Castaiier etal., 2017

24 Castelio et al., 2015

2 Castellano and
Hernandez-Mendo,
2000

26 Castellano and
Hernandez-Mendo,
2002a

27 Castellano and Alvarez,
2013

28 Castellano et al., 2013

29 Castellano et al., 2011

30 Castellano et al,, 2012

31 Castellano et al., 2009

32 Cavalera et al., 2015

33 Clemente, 2012

34 Collet, 2013

35 Di Salvo et al., 2010

36 Di Salvo et al., 2007

37 Di Salvo et al., 2008

38 Di Salvo et al., 2009

39 Fleury et al., 2009

40 Gémez-Ruano et al.,
2012

Pl Holienka and
Farkasovsy, 2017

42 Hughes and Franks,
2005

43 James et al., 2002

a4 Lago-Ballesteros and
Lago-Pefias, 2010

45 Lago-Peiias and
Anguera, 2003

46 Lago-Pefias and
Lago-Ballesteros, 2011

a7 Lago-Peiias et al.,
2010

a8 Lago-Peiias and
Martin, 2007

49 Lago-Peiias and Delll,
2010

50 Lago-Pefas et al.,
2003

51 Lago-Pefas et al.,
2009

52 Lago-Pefias et al.,
2010

53 Lago-Peiias et al.,
2011

54 Leite, 2013

55 Losada, 2012

56 Machado et al., 2013

57 Maneiro et al., 2017a

58 Maneiro et al., 2017b

59 Moraes et al., 2012

60 Njororai, 2013

61 Novaes de Souza
stal, 2012

62 Pino et al., 1998

63 Planes and Anguera,
2015

64 Pollard, 2006

65 Ramos and Oliveira,
2008

66 Rampinini et al., 2007

67 Ricetal, 2016

68 Sainz de Baranda and
Lopez-Riquelme, 2012

69 Séinz de Baranda
etal, 2011

70 Sanchez etal., 2009

7 Sanchez-Flores et al.,
2012

72 Santos et al., 2016

73 Sarmento etal., 2011

74 Sarmento et al., 2017

7% Scoulding et al., 2004

76 Sgro et al., 2016

77 Sgro et al., 2015

78 Shafizadeh et al., 2013

79 Siegle and Lames,
2012

80 Siva et al., 2009

81 Silva et al., 2005

82 Soroka, 2014

83 Stanculescu et al.,
2014

84 Szwarc, 2008

85 Taylor etal., 2008

8 Tenga et al., 2010¢

87 Tenga et al., 2010b

88 Thomas et al., 2006

89 Tiemey et al., 2016)

EY Vigne et al., 2010

91 Vogelbein et al., 2014

92 Wallace and Norton,
2014

9% Yiannakos and
Armatas, 2006

94 Zurloni et al., 2014

Domain A

Observational
method

Direct observation

Direct observation

Direct observation

Direct observation

Direct observation

Direct observation

Direct observation

Direct observation

Direct observation

Indirect
observation

Direct observation
Indirect
observation

Direct observation

Direct observation

Direct observation

Indiirect
observation

Direct observation

Direct observation

Direct observation

Direct observation

Direct observation

Direct observation

Direct observation

Direct observation

Direct observation

Direct observation

Direct observation

Direct observation

Direct observation

Indiirect
observation

Direct observation
Direct observation

Indirect
observation

Indirect
observation

Direct observation

Direct observation

Direct observation

Direct observation

Indirect
observation

Indirect
observation

Direct observation

Direct observation

Direct observation

Indirect
observation

Direct observation

Indirect
observation

Indirect
observation

Indirect
observation

Indirect
observation

Direct observation

Direct observation

Direct observation

Indirect
observation

Indirect
observation

Direct observation

Direct observation
Direct observation

Direct observation

Indirect
observation

Indiirect

observation

Indiirect
observation

Direct observation

Direct observation

Indirect
observation

Direct observation

Direct observation

Direct observation

Direct observation

Direct observation

Indirect
observation

Direct observation

Direct observation

Direct observation

Direct observation

Direct observation

Direct observation

Direct observation

Direct observation

Direct observation

Indirect
observation

Direct observation

Direct observation

Direct observation

Direct observation
Direct observation

Direct observation

Direct observation
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Domain B: method

Observ. Instrument
design
Observation Recording
Not FF/CS [Field MATCH VISION
format combined  STUDIO
with category
systems]
Not CS [Category  Video (from TV)
System)
N/SM FF/SC Video (from TV)
Not Scoreboard Video
SPORTSCOURT
Not Scoreboard Video
SPORTSCOURT
VSM FF/CS SDIS-GSEQ
NSM  FF/CS SoccerEye
Not Distances Automated tracking
system
Not Categories (Does ~ Computerized
not meet the tracking system
category system  (Stadium Manager,
requirements)  ProZone)
Not Zonas Video
Excel
Not cs Not
Not CB (Catalog of Video
behaviors]
N/P/M FF/CS MATCH VISION
STUDIO
Not c8 Video
Not Categories Computerized
tracking AMISCO
Not cB Not
NFM  FF NAC SPORT ELITE
42
NFM  FF/CS NAC SPORT ELITE
42 and LINGE
N/SM  FF/CS Video
Not FF/CS Video
NSM  FF NAC SPORT ELITE
42
VEM FC/SC(OSMOS)  LINCE
NF/M  FC/SC(OSMOS)  LINCE
Not cB Video (from TV)
Excel
SDIS-GSEQ
Laglog  FO/SC Video
SDIS-GSEQ
Laglog  FC/SC(SOCCAR) Video
Not cB Video
Distances EXCEL
Computerized
tracking AMISCO
Not Distances AMISCO Pro
Not Distances and CS  Amisco
Not cs
Not cs Video EXCEL
NFM  FO/SC Video LINGE
Not cB Not
Not cs Video
Duration STATA
Not c8 Semi-automated
image recognition
system (Prozone)
Not Categories Computerized
Rating scale tracking AMISCO
Distances
Not Rating scale Video
Not Distancesand ~ Semi-automated
some behaviors  image recognition
system (Prozone ®)
Not Indicators Excel
Not c8 Not
Not c8 Not
Not CB Scoreboard  Video
Not CB Scoreboard  Video computerized
System (Noldus
Observer Video Pro)
Not cB Not
Not FF Video
Not BC Not
Not 8C Not
Not BC Not
Not B8C Not
VF/M FF Video
SDIS-GSEQ
Not Categories Computerized
Rating scales tracking AMISCO
Not Categories Computerized
tracking AMISCO
Not 8C Not
Not Scoreboard Archive data
NFM  FO/SC MATCH VISION
STUDIO
NFM  FF/SC SoccerEye
NSM  FO/SC Video
N/SM  FO/SC Video
Not Categories Video
Not Archive data
Not Categories Video
Not SC Video
Rating scale
NFM  FF/SC MOTS
LINCE
Not Scoreboard Not
Not BC Video
Not Categories Video
Semiautomatic
system PROZONE
Not Categories SPIPro
GPSports
Not cs Video
DARTFISH
TEAM PRO
Not cs Not
Not Scoreboard archived data
Not cs Video
OBSERVER
Not cs Video
Excel
Not FF Not
Not cs Video
Not cs Video
NOLDUS
OBSERVER
VIDEO PRO
Not Indicators Video
LONGOMATCH
Not BC Video
LONGOMATCH
Not BC Video
Technical data SPORTS
PERFORMER
SOFTWARE
Not FF/CS Video
Not BC archived data
Distances
NFM  BC Video
SDIS-GSEQ
Not BC Video
Semiautomatic
system FIFA's.
Castrol Performance
Not Categories Video
Not BC Video
Not Categories Video
NOLDUS
OBSERVER
VIDEO PRO
Not BC Not
Not BC Video
FINAL CUT PRO
Not Rating scale Not
Not BC Not
Not BC Video
Not BC German PAL
Scoreboard MathBall software
Not FF/CS. SportsTec Australia
Not BC Video
Distances SPORTSCOURT
N/P/M BC LINCE

Record  Quality of data
parameter
Freq Kappa
Freq Kappa
Freq Kappa
Consensual agreement
Freq Kappa
Freq Kappa
Correfation coefiicient
Order Kappa
Consensual agreement
Order Kappa
Freq Not
Freq Variation coefficient
Freq Not
Duration
Freq Not
Freq Agreement coeficient
Order Kappa
Freq Agreement percentage
Freq Not
Freq Kappa
Freq Kappa
Freq Kappa
Freq Kappa
Freq Kappa
Duration
Freq Kappa
Order Kappa
Order Kappa
Order Not
Order Kappa Consensual
agreement
Kendall
Pearson
Spearman
TG
Order Kappa
Correl.
TG
Freq Not
Freq Kappa
Freq Not
Freq Kappa
Freq Consensual agreement
Order Kappa
Freq Not
Freq Not
Duration
Freq Not
Freq Not
Freq Not
Freq Coefficient of variation
Freq Not
Freq Kappa
Freq Not
Freq Percentage agreement
Freq Agreement percent
Freq Kappa
Order Consensual agreement
Kappa
Freq Kappa
Freq Kappa
Freqand  Not
duration
Freq Kappa
Order Kappa
Consensual agreement
Freq Kappa
Freq Not
Freq Kappa
Freq Not
Freq Kappa
Order Kappa
Freq Kappa
Freq Kappa
Freq Kappa
Duration
Freq Kappa
Freq Third observer when
disagreement existed
Freq Correlation coefficient
Order Kappa
Freq Not
Freq Not
Freq Not
Duration
Freq Not
Duration
Freq Kappa
Freq Kappa
Correlation coeficient
Freq Not
Freq Kappa
Consensual agreement
Freq Kappa
Order Inter- and
intra-agreement
Freq Kappa
Freq Agreement
Duration
Freq ICC coefficient
Freq Correlation coeficient
Freq Not
Freq Kappa
Duration  Correlation coefficient
Freq Not
Order Kappa
Freq Not
Freq Not
Freq Not
Freq Agreement coeficient
Freq Not
Freq Kappa
Freq Not
Freq Not
Freq Kappa
Freq Kappa

and duration a de Cronbach

Freq Inter e intra (binomial
Duration  test)

Freq Cortelation coefficient
Order Kappa

Domain C: results

Data analysis and results

Descriptive analysis
Multivariate logistic regression

Descriptive analysis
Shapiro-Wilk test

Mean comparation
Descriptive analysis
Chi-square

Logistic regression (SPSS)
Descriptive analysis
Chi-square

Descriptive analysis
Chi-square

Lag sequential analysis.

Lag sequential analysis.
Descriptive analysis
Kruskal- Wallis test
ANOVA

Descriptive analysis
Normaliy test

ANOVA

Tukey's post-hoc tests
Descriptive analysis
D'Agostino-Pearson test
ANOVA

Tukey test

Descriptive analysis
Mean comparison

Descriptive analysis
TPatterns

Descriptive analysis
Correlati
Descriptive analysis
Normality test
ANOVA

Bonferron test
Effect sizes

Descriptive analysis
Kruskal-Wallis test
Discriminant analysis

Descriptive analysis
Chi-square

Logistic regression
Descriptive analysis
Chi-square

Logistic regression
Descriptive analysis
Chi-square

Logistic regression
Kruskal-Walls test
Welch test

Logistic regression
Chi-square

Logistic regression
Proportions comparison
Lag sequential analysos
Polar coordinates
T-Patterns detection
Polar coordinates
Descriptive analysis

Lag sequential

analysis (SDIS-GSEQ)
Lag seqiencial analysis
(SDIS-GSEQ)

TG
Lag sequential

analysis (SDIS-GSEQ)
Descriptive analysis
Kolmogorov-Smimov test
Levene test

Lineal regression
Correlations

Descriptive analysis

Mean comparison

ANOVA

Bonferron test

Effect size

Descriptive analysis
Mauchly’s test of sphericity
General linear model
Repeated measures ANOVA
Descriptive analysis

Dunnett post-ho test
Discriminant analysis

Multidimensional scaling
Correspondence analysis
TPatterns

Descriptive analysis
ANOVA
Kolmogorov-Smimov test
Levene test

Odds ratio
Correlation
Logistic regression

Descriptive analysis
Mean comparison
Size effect
Descriptive analysis
ANOVA

Tukey test

Descriptive analysis
Pearson correlation
Mixed linear modeling
Bonferron test

Descriptive analysis

Mixed linear model
Factor analysis (using principal
components and
varimax rotation)

Binorial test
Mann-Whitney test
Mean comparison
Regression analysis
Chi-square

Descriptive analysis
ANOVA

Lag sequential analysis

Descriptive analysis
Kolmogorov-Smimov test
Mean comparison (t and
Mann-Whitney)

Structural cosficients
Descriptive analysis
Kruskal-Walls test
Chi-square

Discriminant analysis

Determination coefficient
Regression analysis

Descriptive analysis
Variation coefficient
Regression analysis

Descriptive analysis
Lag sequential analysis
Descriptive analysis
Lineal regression

Descriptive analysis
Lineal regression
Descriptive analysis
ANOVA

Discriminant analysis
Structural cosflicients

Descriptive analysis

Descriptive analysis
ANOVA

Log-linear analysis
Correspondence analysis
Lag sequential analysis
Descriptive analysis
Chi-square

Descriptive analysis
Chi-square

Logistic regression
Descriptive analysis
Chi-square

Descriptive analysis

Kolmogorov-Smimov test
Levene test

ANOVA

Newman-Keuls test
Friedman test

Descriptive analysis
Chi-square
Gomparison proportions

Descriptive analysis
Regression analysis

Descriptive analysis

Descriptive analysis
Normality test
Sphericity test

ANOVA

Bonferroni post-ho test

Hierarchical principal
components
Kruskal-Walls test
Descriptive analysis
Chi-square

Phi coefficient

Cramer statistic
Descriptive analysis
Chi-square

Mean comparation
ANOVA

Descriptive analysis
Chi-square

Binomial test (Poisson)

Descriptive analysis
Kolmogorov-Smimov test
Kruskal-Walls test

T-Patterns

Chi-square
Logistic regression
Chi-square

Mann-Whitney test

OTP Ratio
ANOVA

Logistic regression
Descriptive analysos
Shapiro-Wilk test
Kruskal-Walls test
Discriminant analysis

Time-series analysis

Descriptive analysis
ANOVA

MANOVA
Spearman
corelation

Lag sequential analysis

Efficacy index
Efficiency index
Descriptive analysis
Mean comparison
Descriptive analysis
Means comparation

Descriptive analysis

Log-linear analysis
Logit analysis

Descriptive analysis
Logistic regression

Descriptive analysis
Logistic regression
ROC curve

Descriptive analysis
Chi-square

Descriptive analysis
MANOVA

Descriptive analysis
ANOVA

Descriptive statistics
Kruskal-Walls test
Mann-Whitney test
Point-biserial correlation
Regression analysis
Trend analysis

Descriptive analysis
Chi-square
T-Patterns.

Comments

Criteria are called variables.
They use independent and
dependent variables.

Dimensions are called variables

Data downloaded from the
web http://pt fifa.com/index.
html

Data provided by Televisio de
Catalunya

Data downloaded from the
www.sdifutbol com website
Dimensions/behaviors are
named variables
Observation is called
“notation system”

Dimensions are called variables

Dimensions are called variables

Dimensions are called variables

Dimensions/behaviors are
named variables They use
independent and
dependent variables

Dimension “distance” s called
“variable”

‘Semiautomatic registration
System

Data downloaded from the
web: http://fifa.com/worldcup/
index.html

Behaviors are named
indicators

Dimensions/criteria are

named variables

Data downloaded from the
web (http://www.ifa.com/
worldeup/archive/
southafrica2010/index.html)
Observation is called “notation
analysis”

Behaviors are named variables,
they also call them indicators
The terms independent and
dependent variable are used
Some data was downloaded
from websites:
hitp:/www.uefa.com/
memberassociations/
uefarankings/club/index.html
hittp//wwwfita.com/
worldranking/rankingtable/
index.html!

Data downloaded from the
web hitp://www.cbf.com.br
Data downloaded from the
web www.sdifutool.com
They use independent and
dependent variables
Observation is called
“notation system”

Authors consider it indirect
observation

Observation is called "notation
system”

Data downloaded from the
web www.sdifutbol.com
Dimensions/behaviors are

Dimensions/behaviors are
named variables
Observation is called
“notation system”

Data downloaded from the
‘web www.sdifutbol.com
Dimensions/behaviors are
named variables
Observation is called
“notation system”

‘They use independent and
dependent variables
Observation is called
“notation system”

‘They use independent and
dependent variables
Dimensions/behaviors are
named variables

Dimensions/behaviors are
named variables

They use independent and
dependent variables
Dimensions/behaviors are
named variables

Criteria are named variables

Data downloaded from the
‘web www.fifa.com

Dimensions are named
variables

Data provided by Central
Digital de Dados-GFPA
Dimensions are

named variables

Data downloaded from the
web hitp://wwwfita.com/
worldoup/statistics

Data downloaded from the
webs:
Esporte.uol.com.br/futebol/
campeonatos/brasileiro/,
globoesporte.globo.com,
wwwyoutube.com

Data downloaded from the
webs: www.soccerway.com,
wwwrsssf.com and the
Rothmans Footbal Yearbook
independent and dependent
variables are used

Observation is also called
“notation system”

Data downloaded from the
web wwwlfp.es

‘The observation instrument
consists of categories

and subcategories. Interplay
sequentially is implicit.

Observation is called
“notational system”

Behaviors are named
indicators

Observation is called “notation
system”

Behaviors are named
indicators

The denomination of
independent and dependent
variables is used

Behaviors are named
indicators

Behaviors to be observed are
called ‘technical indicators’
Data downloaded from the
web: www.globo.com/
globoesporte

Observation is called “notation
system”

Behaviors to be observed are
called “parameters”

Observation is called “notation
system”

Criteria/behaviors are named
variables

Control sample was used
Dimensions/behaviors are
named variables

They use independent and
dependent variables

Data downloaded from the
web: www.soccerbase.com
Itis combined with an
experimental method

Also, itis a correlational study
Observation is called
“notation system”
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G-study Option 1 Option 2 Option 3 Option 4 Option 5

Lev. Univ. Lev. Univ. Lev. Univ. Lev. Univ. Lev. Univ. Lev. Univ.
R 6 INF 6 INF 6 INF 6 INF 6 INF 6 INF
| 16 INF 16 INF 16 INF 16 INF 16 INF 16 INF
(o3 16 INF 16 INF 15 INF 20 INF 25 INF 30 INF
Observ. 1rar 1727 1440 1920 2400 2880
Coef_G rel. 0.84 0.84 0.81 0.85 0.88 0.97
rounded 0.84 0.84 0.81 0.85 0.88 0.97
Coef_G abs. 0.81 0.81 0.78 0.82 0.85 0.96
rounded 0.81 0.81 0.78 0.82 0.85 0.96
Rel. Err. Var. 0.03 0.03 0.03 0.03 0.02 0.00
Rel. Std. Err. of M. 0.17 0.17 0.18 0.16 0.14 0.07
Abs. Err. Var. 0.03 0.03 0.04 0.03 0.02 0.01
Abs. Std. Err. of M. 0.19 0.19 0.20 0.18 0.16 0.07
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G-study Option 1 Option 2 Option 3 Option 4 Option 5

Lev. Univ. Lev. Univ. Lev. Univ. Lev. Univ. Lew. Univ. Lew. Univ.
R 6 INF 6 INF 6 INF 6 INF 6 INF 6 INF
1 16 INF 18 INF 20 INF 25 INF 30 INF 40 INF
C 16 INF 16 INF 16 INF 16 INF 16 INF 16 INF
Observ. 1727 1944 2160 2700 3240 4320
Coef_G rel. 0.85 0.87 0.88 0.90 0.92 0.94
rounded 0.85 0.87 0.88 0.90 0.92 0.94
Coef_G abs. 0.85 0.86 0.87 0.90 0.91 0.93
rounded 0.85 0.86 0.87 0.90 0.91 0.93
Rel. Err. Var. 0.03 0.03 0.03 0.02 0.02 0.01
Rel. Std. Err. of M. 0.18 017 0.16 0.15 0.13 0.12
Abs. Err. Var. 0.04 0.03 0.03 0.02 0.02 0.01
Abs. Std. Err. of M. 0.19 0.18 0.17 0.15 0.14 0.12
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G-study Option 1 Option 2 Option 3 Option 4 Option 5

Lev. Univ. Lev. Univ. Lev. Univ. Lev. Univ. Lew. Univ. Lew. Univ.
R 6 INF 6 INF 10 INF 12 INF 15 INF 20 INF
| 16 INF 16 INF 16 INF 16 INF 16 INF 16 INF
C 16 INF 16 INF 16 INF 16 INF 16 INF 16 INF
Observ. 1727 1727 2880 3456 4320 5760
Coef_G rel. 0.83 0.83 0.89 0.91 0.92 0.94
Rounded 0.83 0.83 0.89 0.91 0.92 0.94
Coef_G abs. 0.82 0.82 0.89 0.90 0.92 0.94
rounded 0.82 0.82 0.89 0.90 0.92 0.94
Rel. Err. Var. 0.07 0.07 0.04 0.03 0.03 0.02
Rel. Std. Err. of M. 0.26 0.26 0.20 0.19 0.17 0.14
Abs. Err. Var. 0.07 0.07 0.04 0.04 0.03 0.02
Abs. Std. Err. of M. 0.27 0.27 0.21 0.19 0.17 0.15
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Components

Source SS df MS Random Mixed Corrected % SE
R 41.00 5 8.20 0.02 0.02 0.02 2.3 0.02
1z 91.00 15 6.07 0.03 0.03 0.03 3.4 0.02
cz 218.00 17 12.82 0.1 0.11 0.1 13.9 0.04
RI 154.00 75 2.05 0.10 0.10 0.10 13.2 0.02
RC 121.00 85 1.42 0.07 0.07 0.07 9.7 0.01
IC 369.00 255 1.45 0.20 0.20 0.20 26.5 0.02
RIC 301.00 1275 0.24 0.24 0.24 0.24 31.0 0.01
Total 1295.00 1727 - - - - 100% -
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GLM_Pha_r_1Z_CZ fin
GLM Procedure

Class level information

Class Levels Values
Count 7 1234567
Pha 4 1234
R 6 123456
1z 16 10 100 110 120 20 30 40 50 51 60 61 70 71 80 81 90
Ccz 16 10 100 110 120 20 30 40 50 51 6061 70 71 80 81 90
Number of read observations 745
Number of used observations 745

Source DF Sum of squares Mean square F-Value Pr>F
Model 613 1522.540045 2.483752 1.26 0.0505
Error 131 257.666667 1.966921 - -
Total correct 744 1780.206711 - = =

R-square Coef Var MSE Root Count mean

0.855260 41.44545 1.402470 3.383893
Source DF Tipo | SS Mean square F-Value Pr>F
Pha 3 11.6259345 3.8753115 1.97 0.1216
R 5 35.1915127 7.0383025 3.58 0.0046
pha’r 5 27.4120714 5.4824143 2.79 0.0200
1z 15 88.0734803 5.8715654 2.99 0.0004
pha*lZ 36 80.5466934 2.2374081 1.14 0.2950
R* 1z 69 132.8969170 1.9260423 0.98 0.5310
pha*r*lz 59 163.9567500 2.7789280 1.41 0.0533
1674 17 194.3856203 11.4344483 5.81 <0.0001
pha*CZ 34 48.8157768 1.4357581 0.73 0.8561
R*CZ 70 126.1932656 1.8027609 0.92 0.6525
pha*r*CZ 53 102.4955448 1.9338782 0.98 0.5162
12*CzZ 119 283.7891622 2.3847829 1.21 0.1407
pha*lz*CZ 65 99.6954530 1.6337762 0.78 0.8676
R *1z*Cz 43 97.2951962 2.2626790 1.15 0.2709
pha*rlz*Cz 0 0.0000000 - - —
Fin 1 3.8095238 3.8095238 1.94 0.1664
pha*fin 2 7.6452031 3.8226016 1.94 0.1473
R *fin 5 10.1081208 2.0216242 1.08 0.4040
pha*r*fin 4 3.8574421 0.9643605 0.49 0.7429
1Z*fin 7 4.4425793 0.6346542 0.32 0.9426
pha*lZ*fin 1 0.3037975 0.3037975 0.15 0.6950
R *1Z*fin 0 0.0000000 - - -
pha*r*1Z*fin 0 0.0000000 - - -
CZ*in 0 0.0000000 - = =
pha*CZ*fin 0 0.0000000 - - s
R *CZ*fin 0 0.0000000 - = =
pha*r*CZ*fin 0 0.0000000 - - —
1Z*CZ*fin 0 0.0000000 - - =
pha*lZ*CZ*fin 0 0.0000000 - — -
R *1Z*CZ*fin 0 0.0000000 = = =
pha* R *1Z*CZ*fin 0 0.0000000 - = -
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Figure 1. Microzones where attacks begin. Upper panel 2015/2016 season; Middle panel

2016/2017 season; Lower panel 2017/2018 season.
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Home

Offensive variables Top3  Bottom3  ES (90%CI)
Shooting accuracy (%) 162 81 415052
Offsides (umber) 6448 4T£12 246075
Corners (number) 16£15 106415 223(059)
Passing accuracy (%) 8315 7343 233(044)
Passes (number) 11712+1998 83794795 1.88(038)
hots (umben) 38454 243425  165(039)
Rate of turnover (%) 214 3143 186(038)
Penalty kicks (number) 513 3x2 068047
Rate ofin-game godls (%) 837 7446 1.12(049)
Received fouls (lumber) 26024 25030  0.07 (053)
Tumovers (number) 24026172 2583141 0.99(042)
Free kick goals (number) 177 266 1.12(042)
Crosses (number) 426107 44563  0.24(037)

Away

Top3. Bottom3 S (90%Cl)
15£3 8x2  276(049)
5014 42£10  1.48(049)

10818 7817 140 (0.48)
815 7243 170041
109862065 7814:+837  1.72(0.38)
W54 183428  830(044)
28+5 31£3  136(037)
3£2 2+1  108(050)
83x7 74£12 118(069)
287531 260£36 091(052)
2420+152 2882177 025(051)
2612 26£6  006(0.63)
U272 32464 022(043)

Top3

16£2
128417
239£27
825

22698 + 4036
504 +102
245
84
83x7
547 £42
4822 +301
17x7
768 + 168

Total

Bottom 3

81
8920
184426
7243
16193 4 1560
427247
313
43
746
51861
4965 +279
1642
767 118

ES (90%C1)

4.15(052)
2.25(0.60)
214 (061)
2,04 (0.42)
181 (038)
176 (039)
163 (037)
124 (053)
1.12(043)
0.72(0:59)
046 (0.44)
0.10(0:36)
0.06(0:39)

The effect size (ES) has been calculated for the diference between the top 3 bottom 3 teams when playing at home, away and overall. Data are mean & SD for the ata

at the end of ihe season.
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Defense variables Top3
Corners against (number) 6914
Shots conoeded (number) 167430
Effectiveness against shooting conceded (%) 92

Recoveries (number) 1015 60
ellow cards (number) 3710
Fouls comitted (number) 236438
Penaty kick conceded (number) a1

Red cards (number) 1a1

Freo kick goals received (%) 21210
Goals recaived in game (%) 79410

Home

Bottom 3 ES (90%Cl)

9517
23123
12£3
929491
558
274£29
21
21
20%8
808

166 (0.43)
179 (0.38)
121 042)
1.49 064)
136 (0.38)
0.98(0.40)
099 (054)
0.8 (0.56)
0.14 (0.44)
0.2 (042)

Top3.

8715
216+32
82
98573
5112
206+ 44
22
142
20+8
808

Away.

Bottom3 S (90%Ci)

12416
202£29
1443
87187
578
273+24
4x2
1£1
2157
797

2.11(0.42)
2.03(0.40)
1.92(0.44)
161055
061 (0:37)
084 0:37)
0.71(052)
0.02(0.50)
0.07 0.49)
0.17(0.45)

Top3.

156 24
38357
92
2000 122
8820
47278
32
2:2
20£7
807

Total

Bottom 3

219:£28
52348
182
1800 169
1314
547 £ 48
62
31
20%5
805

ES (90%C1)

2.16(0.43)
204 (0:39)
187 (0.42)
1.69(061)
117 038)
095 (0.38)
091 (0.44)
028 (0.43)
0.10(0:39)
001 (0.41)

The effect size (ES) has been calculated for the difference between the top 3 - bottom 3 teams when playing at home, away and overal. Data are mean & SD for the data

at the end of the s8ason.
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Figure 1. Microzones where attacks begin. Upper panel 2015/2016 season; Middle panel
2016/2017 season; Lower panel 2017/2018 season.
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Criterion Categories

Opening (OPE)
Direct attack (DIA)
Indirect attack (INA)

Anticipated
counterattack (ACA)

Tactical action Simultaneous
counterattack (SCA)

Posterior counterattack
(PCA)

Block (BLO)

Dodge (DOD)
Cut (CUT)

Categorical core

Movement to get control of the distance with the opponent or bridge the gap between both competitors.
Offensive action without previous movement ending with an impact on the opponent’s body.**

Offensive action with previous movement such as a step, skip, opening, guard change, kicking trajectory modification,
etc., ending with an impact on the opponent’s body.**

Action that starts during the opponent’s attack. The athlete kicks the attacker during the preparatory phase (guard)
and/or initial phase (when the opponent’s knee is being raised).**

Action that starts at the same time as the opponent’s attack. The athlete kicks at the same time as the opponent. Thus,
the counter attacker kicks at the end of the attacker’s initial phase (leg raised) or during the impact momentum (impact
phase) of the attacker’s kick.**

Action that begins after the opponent’s attack (during the descending phase, or when attacker’s leg touches the
ground). The athlete kicks at the same time as the opponent. This action (sometimes) includes a previous backward
displacement to dodge the opponent’s attack.**

Defensive actions to avoid the impact of a kick by placing one arm or leg between the protector and the leg of the
opponent.*

Defensive movement to avoid being kicked by the opponent.*

Defensive forward movement to avoid being beaten by a close opponent, and to prevent the attacking action from
being completed.*

*This action does not have a scoring objective. ** This action is performed with the purpose of scoring.





OPS/images/fpsyg-10-02188/cross.jpg
3,

i





OPS/images/fpsyg-10-02188/fpsyg-10-02188-g001.jpg
Level 1- Taekwondo
athlete A

Simple attack
OPE

D!

A

HH

Level 2- Taekwondo
athlete B

Defense
BLO
CcuUT
DOD

Counterattack

ACA
SCA

PCA

Defense-
Counterattack

Level 3- Tackwondo
athlete A

Attack

OPE

DIA

INA

Defense

C

H%

DOD

Defense- Counter-
counterattack





OPS/images/fpsyg-10-02188/fpsyg-10-02188-g002.jpg
Lol 1-Tosksondo
anleto 4
(Sinple aact)

Leve2- Tackwondo
alee
Deforseor
couneraract)

DOD






OPS/images/fpsyg-10-02188/fpsyg-10-02188-g003.jpg
Love 2
Tashvondo
preey

Lovi3-
Tashwondo
et
Ghsackor

ACA

sca

PCA






OPS/images/fpsyg-10-02089/fpsyg-10-02089-t003.jpg
[v—
= onmna
o amesmans
a3 szmumani
ae omsom-on
s vemomen
Ge o
o ooz

e T T T

O penetraton .

et oo
- onemen
om  owromeran
o rennmsay
om susomeren
o v
om  amesm s





OPS/images/fpsyg-10-02089/fpsyg-10-02089-t004.jpg
oo o5

‘Searing ppcrnnty v, 00 peneirsson

[iehee)
s oneman

ourpasar

v s

Seaing apportnty v. 00 pmevaton.
sy
o
o amremesr
o e
om  ompmrzn

R T T T R e e

ssorersn

so po onisr





OPS/images/fpsyg-10-02089/fpsyg-10-02089-t005.jpg
[e—

o)

Croumm

e

om0

Py o
At

auyotappoon

s e
v a0
Ommo ey am
vy

ouy oo
e ass

‘Scuring appornty . otensie

[riea—
- onmsnen
wm osmp@nzm
e csesiows
Gm orpee
ws camausomr
coor frepererel
e o
e ooz
G ovepsmie
ez o
o jreysese
s oo

D ~rroroem = oy e iy P

s )
s onesen
o wpwsaon
1 pwseon
o ipwram
om  amsnsmy
om  omspwrize
bm cmouss
oz npemin
[ etere)
ome vnpem
om  amnssar





OPS/images/fpsyg-10-02089/fpsyg-10-02089-t006.jpg
o e
e
et

Seoreg opporimty . 20 seoreg

ooy e s
- onpsca
o e
o sz
o omvesrimy
ot ety
0w omsmaxoser
o jrprer=it
ome  swess
o T
o fretretes
om  cameesian
o e

Seorng oppareaity . ne sesng
S va——"

“ onmmen
om oo
s frieed
oo Sorp w0
o oo
oar ausponsmy
s Tz
om  ompmaasur






OPS/images/fpsyg-10-02077/fpsyg-10-02077-t003.jpg
Number

882

&

References
Almeida et al., 2014

Andrade et al., 2012
Ardetal., 2014

Armatas and Yiannakos,
2010

Armatas et al., 2009
Barbosaet al., 2014
Barreira et al., 2014

Barros et al., 2007

Bradley et al,, 2009
Braz and Marcelino, 2013
Buraczewski et al., 2013

Buscé Safont-Tria et al.,
1996

Camerino et al., 2012a

Carey et al,, 2001
Carling, 2011

Casis et al., 2011
Casal etal., 2014

Casal et al.,, 2016
Casal et al., 20152

Casal et al., 2017
Casal et al., 2015b

Castarier et al., 2016
Castafier et al., 2017

Casteldo et al.,, 2015

Castellano and
Hernandez-Mendo, 2000

Castellano and
Hernandez-Mendbo, 2002a

Castellano and Aivarez,
2013

Castellano et al., 2013
Castellano et al., 2011
Castellano et al., 2012

Castellano et al., 2009

Cavalera et al., 2015

Clemente, 2012

Collet, 2013

Di Salvo et al., 2010
Di Salvo et al., 2007
Di Salvo et al., 2008

Di Salvo et al., 2009
Fleury et al., 2009
Gémez-Ruano et al, 2012
Holienka and Farkasovsy,

2017
Hughes and Franks, 2005
James et al., 2002
Lago-Ballesteros and
Lago-Pefias, 2010

Lago-Pefias and Anguera,
2003

Lago-Pefias and
Lago-Ballesteros, 2011

Lago-Peiias and Dellal,
2010

Lago-Pefias and Martin,
2007

Lago-Pefias and Della,
2010

Lago-Pefias et al., 2003
Lago-Pefias et al., 2009
Lago-Pefias et al., 2010
Lago-Pefias et al., 2011
Leite, 2013

Losada, 2012

Machado et al., 2013
Maneiro et al., 2017a
Maneiro et al., 2017b
Moraes et al., 2012
Njororai, 2013

Novaes de Souza et al.,
2012

Pino et al., 1998

Planes and Anguera, 2015
Pollard, 2006
Ramos and Oliveira, 2008

Rampinini et al., 2007

Ric etal., 2016

Sainz de Baranda and
Lopez-Riquelme, 2012

Séinz de Baranda et al.,
2011

Sanchez et al., 2009

Sanchez-Flores et al., 2012

Santos etal., 2016
Sarmento et al., 2011

Sarmento et al., 2017

Scoulding et al., 2004
Sgro et al,, 2016

Sgro et al., 2015
Shafizadeh et al., 2013

Siegle and Lames, 2012
Silva et al., 2009

Silva et al., 2005
Soroka, 2014
Stanculescu et al., 2014

Szwarc, 2008
Taylor et al., 2008

Tenga et al., 2010a

Tenga et al., 2010b
Thomas et al., 2006

Tierney et al,, 2016.
Vigne et al., 2010
Vogelbein et al., 2014
Wallace and Norton, 2014

Yiannakos and Armatas,
2006

Zurloni et al., 2014

Aim of the study

‘The match location, status, quality of opposition on regaining
possession, and zone of ball recovery.

Time of ball possession.

Characteristics of the comer kicks and proposal of an
explanatory model.

Characteristics of goal scoring patterns.

Characteristics of the goals scored.
Offensive game methods, in fast attack.
Evolution the attacking pattern.

Distances covered by Brazlian soccer players and compare
the resuils to the European players.

High-intensity running by soccer players.
Developing models for maintaining ball possession in games.

Frequency and effectiveness of selected tactical and technical
actions by footballers from winning and losing teams.

Offensive individual tactics in soccer.

Reveal the hidden yet stable structures which underlie the
interactive situations that determine the dynamics of play.

The pattern of foot use in a sample of 36 players.

The influence of opposition team formation on physical and
skill-related performance.

Tactical performance of winning teams and losers.
The corner kicks and the efficacy.

The efficacy of defensive transitions play in elite football.
Identify variables the corner kick and propose un model.

Possession time the ball and the zone in which it develops,
reflected the results the match.

Predict the result of offensive transitions and the variables that
intervene in them.

Motor skils used by Lionel Messi.
Play of Cristiano Ronaldo and Lionel Messi.

Evaluate the offensive behaviors.

Transitions in game action.

Patterns of behavior or stable transitions that exceed the
probabilties marked by chance.

Strategic use in the defense of the interaction space.

Strategic use in the use of the ball and space.
Work-rate profile of a team of elite soccer.

Characteristics statistics between winning, drawing and
losing teams.

Team interactions, collaborative strategic behaviors.

Patterns that show that changes in tertiary performance
come out, may be related to changes in primary ones.

Performance parameters and characterize the most
successful teams.
The possession of ballin soccer.

Characteristics the sprinting the different playing positions.

The independent and interactive effects of possession
strategy.

The high intensity running activity completed by elite soccer
players.

Compare match performance in professional soccer players.
Verify the timing of the scores and gol.

Soccer statistics that show results related to the area.
One-on-one game situations in football.

Comparing successful and unsuccessful teams.
Areas, possession the boll, winning, draw, and losin.
Identify specific performance indicators.

Interaction between the members of a footbal team.
The profiles high-intensity running.

Game-related statistics allow to discriminate winning, drawing
and losing teams.

Possession of the ball in soccer.

Identify strengths that can be further developed, and
weaknesses that might be improved.
The successful offensive actions in soccer.

Effect of the location of the match, the level of the opponent
and the score.

Location of the match, level of the opponent, possession of
the ball and the score.

Identify performance indicators.
Characteristics statistically the gol.

Relationship between interaction contexts and the zones.
marked by the position of the ball.

Characteristics the pattern in the play offensive.
Statistics of comer kicks.

Characteristics of corer kicks and proposal of an effective
model.

Characteristics of goals.

The pattern and trends of the goals scored
Tiempo de incidencia, el origen y el lugar de los goles.

Defensive action.

Relevance of different game phases whit boll stopped.

Geographical variations a contributing factor to home
advantage.

Characteristics all the goals.

The influence of the opposing team, seasonal variations and
the influence of frst half activity the time.

Tactical patterns and the timescales of variables.
The comer kicks and the effect in the match.

The comer kicks and the efficacy.

Change in point system on home advantage.

The transcendence of the comer kick.

The amplitude of circulation of the ball and its variations of the
corridor.

Demonstrate the potential of the software THEME 5.0, in the
actions of counter-attack of the FC Barcelona.

Examined the influence of tactical and situational variables on
offensive sequences during elite football matches.

Characteristics of the Passes

Possession strategy, pitch location, and game period on the
offensive actions performed by the winning teams.

‘The scoring opportunities and offensive and defensive
strategies.

Characteristics of performance in successive matches for
élite soccer teams from Europe.

Game interruptions of league soccer and the tactical.

Technical indicators that determine the performance of the
teams.

The behavioral patters of the offensive process in soccer.
Compare the effectiveness of footballers.

Statistically significant parameters on the evolution soccer
matches.

Simplified model of one-to-one play in soccer.
Meatch location, quality of opposition, and match status.

Offensive effectiveness, such as scoring opportunities and
shots at goal.

Tactics on goal scoring by assessing opponent interactions.
Points system on horme, advantage, tarjetas, penaltys

Movement patterns across the 5 most common playing
formations.

Profile of players in a top-class team.

The time required to recover ball possession-which was
operationalized as defensive reaction time.

Framework of potential causative mechanisms for pattems of
play.

Reveal the hidden yet stable structures which underlie the
interactive situations that determine the actions of attack in

play.
Characteristics of goals.

Observed events
28 Matches. Champions League. 2011-2012.

7 Matches. World 2010.

564 corner kicks performed. Along the 2010 World Cup
in South Africa.

84 Matches. World Cup 2006.

240 Matches. Greek SuperLeague. 2006-07.
12 Matches. Real Madid 2010-2011.

21 national selections: 17 european teams, 3 from South
America and 1 from Asian (1982-2010).

The trajectories of 55 players of First Brazilian Division.

28 Matches English Premier League 2005-2008.
64 Matches. 2010 World Cup.
8 Matches. Eurocopa 2008.

Michael Laudrup

5 National League matches and 5 Champions’ League
from the 2000-2001 season

16 teams. 1998 World Cup.

45 Matches. French League 1; 2007-2008, 2008-2009,
and 2009-2010.

380 Matches. Spanish League 2008-2009.

124 Matches. 2010 World Gup (64); Eurocopa 2012
(81); Champions League 2010-2011 (29).

804 Quarterbacks. World Cup 2010.
124 Matches. 2010 World Gup (64), Eurocopa 2012
(31), and the Champions League 2010-2011 (29).

12 Matches. Eighth-finals, quarterfinals, semifinals and
final of the 2016 Eurocopa France.

7 Matches. Eurocopa 2008.

108 Goals from Messi.
181 Goals from Lionel Messi (83) and Cristiano Ronaldo
(©8).

647 Matches from 6 national soccer teams participating
of the finals on 2006 World Cup and 2004- and
2008-Euro Cup.

10 Matches. 1998 World Cup.
10 Matches. 1998 World Cup.
6 Matches. Spanish League. 2005-06.

6 Matches. Spanish League 2005-06.
434 Individual samples. Spanish League. 2005-06.

177 Matches. 2002 World Cup (59), World 2006 (59)
and World 2010 (59).

13 Matches of the 1998 World Cup and 9 Matches of
the 2004 World Cup.

19 Matches. ltalian League 2012-2013.

208 Matches. 2010 World Cup.

299 Matches. Premier League, the ltalian, French Ligue
1, Bundesliga, Spanish La Liga from 2007-08 to
200910, UEFA Champions League (2007-08 to
2009-10) and the Europa League (2009-10).

67 matches. European Champions League and UEFA
Cup (2002-2006).

30 Matches. Spanish Premier League (20) and
Champions League (10).

62 Goalkeepers. Monitored over 109 matches. English
Premier League 2008-2004 to 2005-2006.

563 Matches. English Premier League.
115 Matches. Brazilian Cup 2007.

1900 Matches. Spanish League 2008-04 to 2007-08.
10 Matches. Clasificacion the Eslovaquia.

64 Matches. World Cup 1990 (italy) and FIFA World Cup.
1994 (USA).

21 Matches. British professional soccer (12) and
European matches (9)

380 Matches. Spanish League 2005-2006.

6 matches. Real Club Deportivo de A Coruiia, in Spanish
League and Champions League (2000-01).
380 Matches. Spanish League 2008-2009.

380 Matches. Spanish League 2008-2000.
170 Matches. Spanish League 2008-2009.
380 Matches. Spanish League 2008-2000.

Matches. of the Real Club Deportivo de Coruiia,
2000-01

27 Matches. Spanish League 2005-20086.
27 Matches. Spanish League, 2005-2006.

288 Matches. Champions League. 2007-2008,
2008-2009, and 2009-2010,

772 Matches. 19 Football World Cups from 1930 to
2010.

10 Matches. FC Barcelona (Espaiia) 2008-2009.

28 Matches. 2010 World cup.
31 Matches. Eurocopa 2012,
64 Matches 2014 World cup.

1092 goals from Brazilian Football Championship (Serie
A).in 2000,

64 Matches. World 2010.

380 Matches. Brasilian Championship of Football, serie
A, year 2008.

336 off-side situations during the European National Cup
in England in 1996.

19 Matches. FC Barcelona and Real Madrid CF in
Spanish league 2011/ 2012.

All Matches from 52 football nations of UEFA.
1998-2003.

All goals accomplished during EuroCup 2004.

34 offcial soccer Matches: 6 UEFA European
Champions League Matches, 3 National Gup games,
and 25 National League Matches.

20 professional male soccer.
64 Matches. 2006 World cup.

64 Matches. 2006 World cup.

27 Seasons from 1980-1981 to 2006-2007, with 86
professional Spanish football teams from the First and
Second Divisions.

333 Corner throws in 35 Matches 1994 World Cup,
2010 World Gup, 2008 UEFA EURO, 2012 UEFA EURO
and 2011 America Gup.

7 Matches. 2010 World cup.
12 Matches. 2009/2010 of FC Barcelona.

68 Matches. Spanish la Liga (0 = 20 and 568), talian
Serie A (0 = 12 and 199), German Bundesliga (n = 12
and 328), English Premier League (1 = 12 and 269) and
the Champions League (1 = 12 and 330).

6 Matches. 2002. World Cup.
31 Matches. Eurocopa 2012.

16 Matches. Eurocopa 2012.
38 Matches. Eurocopa 2012.

16 Matches. Bundesliga.

All Matches. Brazilian Soccer Championship League
2008.

11 Matches. 2002 World cup.
31 Matches. Eurocopa and Champions League. 2012.

54 Matches: Rumania 1° Liga (20), Eurocopa (16),
Champions League (18).

6 Matches. 2006 World cup.

40 Matches of the 2002-2003 and 2003-2004
professional British football team.

26 Matches. Spanish League 2005-2006.

163 Matches. Norwegian League 2004.

Red cards, yellow cards, and penalties of games played
during the 2000-01, 2001-02, and 2002-03.

11 Matches. 2014-2015 Football League season in
England

30 home matches of a top-level Italian professional club
in the 200-2006 season

308 Matches. Bundesliga. 2010-2011.

1966 World cup. 2010 World cup.

32 Matches. Eurocopa and Champions League.
2006-2007.

19 Matches of the Italian League and Champions
League. 2012-2013.
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Country Frequency % (n =94)

Spain 32 34.04
Brazi 11 11.70
UK 7 745
Spain and Portugal 7 7.45
Brasil and Portugal 3 3.19
Poland 3 3.19
Germany 2 213
Spain and Austria and ltaly 2 213
Spain and France and Tunisia 2 2.13
Spain and Italy and Iceland 2 2.3
Greece 2 213
Norway 2 213
Portugal 2 213
Australia 1 1.06
UK and Denmark 1 1.06
Siovakia 1 1.06
Spain and Austria and UK 1 1.06
Spain and Iceland 1 1.06
Spain and Italy 1 1.06
Spain and Macedonia and Portugal 1 1.06
Spain and UK 1 1.06
Spain and USA 1 1.06
France 1 1.06
France and Italy 1 1.06
Italy 1 1.06
Italy and Sidney and Zurich and Rome 1 1.06
Japan 1 1.06
Romania 1 1.06
UK and Canada 1 1.06
UsA 1 1.06
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Journal

Journal of Sports Sciences
Revista de Psicologia del Deporte

Apunts. Educacion Fisica y Deportes

European Journal of Sport Science

International Journal of Performance Analysis in Sport
International Journal of Sports Medicine

Frontiers in Psychology

Journal of Human Kinetics

Journal of Physical Education and Sport

Journal of Sports Science and Medicine
Perceptual and Motor Skills

RBFF-Revista Brasieira de Futsal e Futebol
Revista Andaluza de Medicina del Deporte
Revista Brasileira de Ciéncias do Esporte
Guaderos de Psicologia del Deporte

Revista Brasileira de Futebol

Procedia-Social and Behavioral Sciences

Baltic Journal of Health and Physical Activity
Cultura, Ciencia y Deporte

European Journal of Human Moverent

Revista de Psicologia General y Aplicada

Human Movement Science

Physical Education and Sport

Journal of Science and Medicine in Sport

Journal of Sport and Health Research

Polish Journal of Sport and Tourism

Psicothema

Revista Brasileira de Educagéio Fisica e Esporte
Revista de Preparacion Fisica en el Fitbol
Revista Digital de Educacion Fisicay Deportes
Revista Espafiola de Educacién Fisicay Deportes
Revista Internacional de Ciencias del Deporte
Revista Mineira de Educagéo Fisica, v. Espacial
Sports

Scientific Report Series Physical Education and Sport
The Journal of Strength & Conditioning Research

Quantity

€ e i e d f A a i a A AN A c LN NGO OO ARG AE DD O

%

13.83
6.38
6.38
5.32
1.06
5.32
426
5.32
426
1.06
1,06
3.19
3.19
3.19
213
1,06
1.06
1.06
1.06
213
1.06
1.06
1.06
1.06
1.06
1.06
1.06
1.06
1.06
1.06
1.06
1.06
1.06
1.06
1.06
1.06
100

LF. (JCR).

2811
NO
NO

2376

1325

2132

2129

1.414
NO

1.774

1.049
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

1.928

2.035

3.623
NO
NO

1661
NO
NO
NO
NO

076
NO
NO
NO

249





OPS/images/fpsyg-10-02188/fpsyg-10-02188-t003.jpg
Pattern n° Lag 0 (FB) Lag 1 (CB) Male (n) Order in male Female (n) Order in female

Focal behavior: offensive actions (attacks) performed by taekwondo athlete A

| OPE DOD 898 1° 1,164 20
Il OPE PCA 231 7° 189 5°
Il DIA BLO 169 9° = =
v DIA cuT 368 4° 477 4°
\Y DIA ACA 112 11= 87 8
Vi DIA SCA 831 28 1,346 1
Vil DIA PCA 277 6° 187 6°
VIl INA CcuT 179 8° - s
IX INA ACA 132 10° 73 9°
X INA SCA 664 3° 788 3°
X INA PCA 298 5° 126 7°
Focal behavior: offensive actions (counterattacks) performed by tackwondo athlete B

Xil ACA BLO - - 28 11°
Xill ACA OPE 49 11° 33 10°
XV ACA DIA 94 8° 61 8°
XV ACA INA 77 10° 39 9°
XVI SCA BLO 114 78 402 3¢
XVII SCA OPE 360 32 410 22
XVl SCA DIA 562 1@ 776 1=
XIX SCA INA 412 20 390 4°
XX PCA BLO 78 9° 76 ire
XXI PCA DOD 186 6° 237 Be
XXII PCA DIA 293 4° 162 6°
XXl PCA INA 191 5° - =
Focal behavior: defensive actions performed by taekwondo athlete B

XXIV BLO OPE 95 9° 171 6°
XXV BLO DIA 156 7° 306 4°
XXVI BLO INA 138 ge T2 8e
XXVII BLO PCA 66 10° - -
XXV DOD OPE 513 3° 738 2¢
XXIX DOD DIA 688 1@ 1,018 12
XXX DOD INA 555 28 508 3°
XXXI cuT OPE 170 6° 167 7e
XXX CcuT DIA o272 40 280 Be
XXX CcuT INA 177 5° 87 9°
XXXIV cuT PCA - - 83 10°
Total sequences occurrence 9,405 10,520

n, occurrence; FB, focal behavior; CB, conditioned behavior; OPE, opening; DOD, dodge; DIA, direct attack; INA, indirect attack; BLO, block; CUT, cut; SCA, simultaneous
counterattack; ACA, anticipatory counterattack; PCA, posterior counterattack.
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Sports Mean SD F Stand. Can. Disc. Fun. Coeff. Corr. Disc. Var. Raw

Self-esteem Combat 23.38 1.705 4.518* 0.617 0.496
Team 24.10 1.874

Neuroticism Combat 25.05 3.507 4.109* 0.729 0.473
Team 26.28 3.696

Extraversion Combat 26.90 2.976 0.100 —0.137 —0.074
Team 26.59 3.304

Agreeableness Combat 31.72 3.404 1.684 —0.229 —0.303
Team 31.00 3.373

Conscientiousness Combat 32.32 3.284 5.649* —0.562 —0.555
Team 30.63 4194

Openness Combat 36.87 6.389 0.864 0.198 -0.217
Team 35.80 6.085

*Differences are significant at the 0.05 level; Stand. Can. Disc. Fun. Coeff., Standardized Discriminant Function Coefficients; Corr. Disc. Var. Raw, Correlations Between
Discriminant Scores and Variable Raw Scores For competitors in combat and team sports.
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OPE DIA INA ACA SCA PCA BLO DOD CUT
Male

Taekwondo athlete A OPE —14.28 —17.86 —15.02 —2.37 —7.40 11.10 —7.47 48.49 1.36
DIA —16.85 —21.99 —19.21 8.93 33.18 7.54 6.72 —2.26 21.30

INA —15.58 —20.99 —17.71 15.70 30.70 14.81 0.05 1.28 7.38

Taekwondo athlete B ACA 3.21 6.88 7.02 —2.55 —6.42 —4.92 0.76 —4.06 —3.52
SCA 13.60 17.50 14.18 —6.70 —-17.39 —-12.82 4.91 —11.90 —-9.15

PCA Tl 10.43 6.07 —4.66 —-12.85 —9.29 5.74 3.09 —5.64

BLO 4.22 6.27 8.06 -3.65 —-8.15 3.711 —2.48 —7.09 —4.47

DOD 22,13 21.28 20.95 —7.34 —-18.95 —12.76 —6.20 —20.84 —-10.44

cuT 9.95 13.37 8.46 —4.01 -10.87 —1.72 -3.18 —11.42 —6.68

¥2 =10478.15 df =64 p <0.01 G2 =11607.89 df =64 p < 0.01
Female

Taekwondo athlete A OPE —14.29 —21.01 —13.30 —1.87 —6.27 11.85 —11.27 54.75 —6.19
DIA —20.76 —28.16 —17.70 8.69 45.42 4.55 —-1.34 —7.16 30.87

INA —14.49 —19.26 —12.24 13.25 39.81 7.67 —5.58 —-3.77 1.58

Taekwondo athlete B ACA 2.28 4.53 5.47 —1.61 —6.07 —3.11 3.52 —-3.24 —2.55
SCA 7.09 16.05 12.17 —6.26 —25.63 —12.16 22.90 —6.83 —-8.72

PCA —1.18 2.92 1.89 -3.11 —-12.51 —5.83 5.64 11.81 —-3.74

BLO 7.26 12.48 5.09 -3.21 —11.61 1.65 —0.80 —8.05 —4.80

DOD 28.67 28.54 20.47 —5.59 —25.16 —-10.88 —8.06 —25.64 —10.22

cuT 9.40 13.65 2.72 -3.20 —-11.75 8.73 —4.80 —-9.76 —6.24

¥? =13283.10 df =64 p <0.01 G? = 14009.61 df =64 p < 0.01

First column indicates focal behavior while first row indicates conditioned behavior (action that follow the focal behavior). Significant relationships (z > 1.96) are in bold.
OPE, opening; DOD, dodge; DIA, direct attack; INA, indirect attack; BLO, block; CUT, cut; SCA, simultaneous counterattack; ACA, anticipatory counterattack; PCA,

posterior counterattack.
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Roles
Rules

Name

Home

Alive

Prisoner

Strategic Sociomotor
Roles Subroles

Name Cod Name Code # Risk decision-making Type relational decision-making

Home 1 On hold CEE 1 1 Conservative 3 Neutral
On alert CEA 2 1 Conservative 3 Neutral
Leaving CSL 3 2 Neutral 3 Neutral

Hunter 2 Menacing ZAM 4 3 Risky 2 Opponent
Tracker ZPS 5 3 Risky 2 Opponent
Catcher ZCT 6 3 Risky o 2 Opponent
Conveyor ZTL. 7 2 Neutral 2 Opponent
Go to save ZIS 8 3 Risky 1 Partner
Rescuer Z8V 9 3 Risky 1 Partner

Hare 3 On alert LEA 10 1 Conservative 3 Neutral
Provoker LPV 11 3 Risky 2 Opponent
Runaway LHD 12 3 Risky 2 Opponent
Protector LPT 13 3 Risky 1 Partner
Enter home LEC 14 2 Neutral 3 Neutral
Rescuer LSV 18 3 Risky 1 Partner

Neutral 4 On Hold NEE 16 1 Conservative 3 Neutral
Returning home without threat NRG 17 2 Neutral 3 Neutral

Prisoner 5 Go to prion PIP 18 2 Neutral 3 Neutral
On hold PEE 18 2 Neutral 3 Neutral

Conflict 6 In conflict EC 20 2 Neutral 4 Conflict
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e=@==Tcam Blue e=@==Team Red

NO,ZAM,A,RI,M

ZE,ZTLANE,V NO,ZPS,A,R,M
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81 30 - 12 18 29

ZE,ZPS,A,RIV 371 NO,ZTL,ANE,M

ZE,ZPS,A,RI,M NT,ZPS,ARI,V

ZE,ZPS,ARI,L NT,ZTL,A,NE,M

TW,ZPS,A,RILV ON,ZPS,A,RI,M

TW,ZPS,A,RI,M ON,ZPS,ARLV
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Category DLBL DLBR DLFL DLFR DSBL DSBR DSFL DSFR LLB
Intra-observer agreement 0.976 0.97 0.972 0.978 0.962 0.979 0.963 0.97 0.967
Inter-observer agreement 0.974 0.978 0.979 0.977 0.971 0.972 0.965 0.972 0.980
Category LLF LSB LSF NM TLL TLR TSL TSR Kiotal
Intra-observer agreement 0.963 0.962 0.964 0.969 0.968 0.977 0.977 0.976 0.971
Inter-observer agreement 0.979 0.971 0.971 0.969 0.974 0.974 0.974 0.973 0.974
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2015/2016 2016/2017 2017/2018
n % ASR n % ASR n % ASR
Endof Shot 788 60.8 -22 837 13 816 64.2
possession  Personal foul received 284 219 14 262 -05 252 198
Offensive foul 19 15 -07 17 -12 28 22
Loss of ball 165 127 08 145 -13 158 124
End of possession time 5 0.4 -09 10 14 6 05
Traveling 27 21 36 16 02 3 02
Held ball 5 0.4 14 1 -14 3 02
Technical foul 1 0.1 14 0 -07 [} 0
Deiberate kick 2 02 -19 9 17 6 05
Shots 2-point shot scored 273 211 -10 284 -01 292 23
2-point shot missed 231 17.8 -08 248 07 236 186
3-point shot scored 125 96 -10 144 1 130 102
3-point shot missed 233 18 -02 240 02 232 182
No shot 434 335 23 381 -15 382 30
Role Guard 321 248 17 315 12 258 203
Forward 565 436 -02 537 -22 593 466
Centre 410 316 -13 445 343 12 421 331
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Origin of
possession

Role

Basket received

Free throw received
Defensive rebound
Offensive rebound

Back court baseline throw-in
Front court baseline throw-in
Back court sideline rhrow-in
Front court sideline throw-in
Steal

Midfield sideline throw-in
Jump ball

Guard

Forward

Centre

2015/2016 2016/2017 2017/2018

n % ASR n % ASR n % ASR
361 279 -14 381 29.4 0.1 391 310 14
13 87 08 103 79 -05 103 81 -03
298 230 -04 323 249 16 284 22 -1
80 62 -08 78 60 ~11 98 7.7 19
77 59 19 57 44 -11 57 45 -09
92 71 1.0 80 62 -04 7 6.1 -06
52 40 1.7 32 25 -2.1 a4 35 04
103 79 -02 126 9.7 23 88 69 -21
8 6.8 -03 82 63 ~11 9% 7.7 13
2 19 -05 31 24 09 25 20 -04
7 05 05 4 03 -10 7 06 05
212 164 04 175 135 -30 232 18 26
429 33.1 -37 517 39.9 2.4 492 39 13
655 50.5 33 605 466 -0.1 548 43 -32
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Variable

sv. Period
Quarter

Development of Origin

possession  Player's role start of possession

Microzone start

End of possession

Shots

Player's role end of possession

Microzone end

Use of screens

Type of attack

Type of defense

Possession duration cluster

Number of partcipants cluster

Number of passes cluster

Style of play

S.V,, situational variables. p < 0.001.

7z

88.154
88.304
26949
25.884
146.297

6.814
12134

22584
49572

11.049
5553
18.006

0.000
0.000
0.137
0.000
0.000

0557
0.016

0.001

0.087
0235

39.407

104.184

33.89

0.000

0.000

0.000

V.

0.107
0.107
0.084
0.058
0.138
0.070
0.030
0.040
0.119
0.054
0.080
0.066
0.038
0.027
0.048

0.000
0.000
0.137
0.000
0.000
0.001
0557
0016
0.000
0.001
0.000
0.000
0.087
0.235
0.008

Association
level

Low
Low

Small
Low
Small

Small
Low

Small
Small
Small

Small





OPS/images/fpsyg-10-02457/fpsyg-10-02457-t006.jpg
0 points
1 point
2 points
3 points
4 points
Total

2015/2016
n %

787 607
43 33
328 249
141 109

2 02
1,206

2016/2017
n %
780 60.1
46 35
312 241
159 123
[ 0

1,207

2017/2018
n %
744 585
39 81
36 272
143 112
0 [

1,272

Total

n

2311
128
981
443

2

3,865

%

59.8
33
254
15
01
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Style of play
Attack

Duration Participants ~ Passes

Interclass correlation 0.985 0.987 0991
coefficient
df 76 76 76

n 77 77 77

Points.

76
77
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Development of possession

Start of possession End of possession
Originof  Player's Microzone  Endof Shots  Player's
possession  role possession role
Gohen's Kappa 1 0878 0914 1 0983 0898
Typical error 000 0052 0.034 000 0017 0044

n 77 77 77 77 77 77

Micro zone

0957
0.024
77

Defense
phase

Type of
defense.

0.916
0.083
77

Style of play

Attack phase

Type of
attack

0.00
77

Use of
screen

0.869
0.047
77
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Type of defense (Gémez et al., 2009)

Defense phase

Individual half-court
Individual full court
Half-court zone.

Full-court zone
Mixed

Type of attack (Gomez et al., 2009)  Use of screens

Number of participants Number of passes

Duration possession

Attack phase

Positional No screen
Transition Direct
Counterattack 1 Indirect
Counterattack 2 Both

1-5

Number.
0,1,2,etc.

From 17 to 24"
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Origin of possession
(G6mez et al,, 2009)

Player’s role

Microzone (Ibafiez et al., 2001b)

Start of
possession

End of
possession

Basket received

Free shot received
Defensive rebound
Offensive rebound

Back court baseline throw-
Front court baseline throw-
Back court sideline throw-in
Front court sideline throw-in
Steal

Midfield throw-in

Jump ball

End of possession (Adapted
from Gémez et al., 2009)
shot

Foul received

Offense foul/foul by team in
control of the ball

Loss of ball

End of possession time (24 5)
Jump ball

Traveling

llegal Dribble

Technical foul

Deliverate Kick

Guard
Forward
Centre

Shooting
action

2 point converted
2 point failed

3 point converted
3 point failed
Without shot

Player's
role
Guard
Forward

Centre

T T

Microzone (béfiez et al., 2001b)
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Season

2015/2016

2016/2017

2017/2018

Total

RIRIRIR 3

First quarter

321
248
313
244
315
248
949
246

Second
quarter

321
248
305
235
311

244

242

Quarter

Third quarter

321
248
316
24.4
316
248
953
24.7

Fourth
quarter

333
25.7
319
246
330
259
982
25.4

Overtimes

[
00
a4
34
[
00
44
14

Period
Firsthalf  Second half
642 654
495 50.5
617 636
476 49.0
626 646
49.2 50.8
1885 1936
488 50.1

Total

1,206

1,207

1,272

3,865
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Type of attack

Screens

Type of
defense

Positional

Transition
Counterattack first wave
Counterattack second wave
No screen

On-ball screen

Off-ball screen

Both

Half court man-to-man
Full court man-to-man
Half court zone

Full court zone

Mixed

828
404
a7
i
816
319
128
33
1,139
129
2

~

2015/2016

%

63.9
312
36
13
63
246
99
25
87.7
10

02

1,180

~w88

2016/2017

953
257
54

785
324
138
25
1,182

2017/2018

2713
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35
2,406
1,024

85

3,501
285
69

Total

%

702
249
40
09
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265
o1
22
90.6

18
02
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Category Draw Lost Win

Mean + SD % Mean + SD % Mean + SD %
DLBL 29+30 0.6 8.8+85 0.5 9.8+6.3 0.5
DLBR 16+1.8 11.0 6.0+5.3 12.7 8.0+4.7 13.8
DLFL 16+1.9 1.5 55+43 3.4 6.6 £4.2 1.8
DLFR 3.6 +£3.3 4.8 9.0+65 4.1 82+45 3.3
DSBL 28+20 2.9 7.4+56 2.2 10.2 £ 6.1 2.6
DSBR 156+1.4 13.6 56 +38 13.5 51+34 12.8
DSFL 3.7+27 6.7 8.1+561 Bl 10.6 £ 6.0 5.6
DSFR 3.7+4.0 8.8 11.4 £ 6.8 7.4 12.6 £ 6.5 7.7
LLB 02+04 0.3 08+12 0.7 0.4+0.8 0.3
LLF 02+04 1.0 1.0+£1.2 1.0 09+1.1 0.7
LSB 09+14 2.0 22218 1.9 27+£1.5 1.9
LSF 38+28 8.1 122 £ 6.1 10.3 99+75 7.4
NM 52+40 235 17.2 £10.1 22.0 18.6 £ 12.6 27.8
TLL 1.3+1.6 0.0 3.2 + 3.1 0.1 3.2+32 0.2
TLR 14+1.4 4.5 34+35 3.9 3.7+24 3.7
TSL 24+£23 4.5 59+46 4.4 9.2+ 37 4.6
TSR 1.7 £2.3 6.1 6.6 +£8.2 6.8 7.8+59 55
Diagonal 214 +15.7 55.40 61.9+ 375 54.10 70.9+33.4 55.71
Longitudinal 51 +£3.9 13.09 16.2 +£8.0 14.13 13.9+83 10.95
Transverse 6.9+53 17.99 19.2 £17.9 16.76 239+ 11.8 18.76
NM 52+40 13.53 17.2 £10.1 15.01 18.6 £ 12.6 14.57
Large 12.84+9.6 33.23 37.7 £27.6 32.98 40.8 +£20.3 53.36
Short 20.6 +14.9 53.23 59.5 + 34.4 52.01 67.9 + 30.6 32.07

SD, standard deviation; DLBL, diagonal large backward left; DLBR, diagonal large backward right; DLFL, diagonal large forward left; DLFR, diagonal large forward right;
DSBL, diagonal short backward left; DSBR, diagonal short backward right; DSFL, diagonal short forward left; DSFR, diagonal short forward right; LLB, longitudinal
large backward; LLF, longitudinal large forward; LSB, longitudinal short backward; LSF, longitudinal short forward; NM, no movement; TLL, transversal large left; TLR,
transversal large right; TSL, transversal short left; TSR, transversal short right.
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Category R1/64 R1/16 R1/4 R1/2 Final

Mean + SD % Mean + SD % Mean + SD % Mean + SD % %

DLBL 176 £8.7 4.5 23.3 £8.1 6.3 15.0£ 122 5.8 25,0 +£156.6 6.5 121
DLBR 183.3+56.5 4.8 16.7 £2.1 6.0 123+7.2 6.6 20.0£0.0 7.2 71
DLFL 120+ 45 4.9 17.7 £3.8 7.2 r.7+65 4.7 135+7.8 55 9.3
DLFR 17.5 £ 9.1 4.7 26.0 £10.0 7.0 9.0+ 3.5 3.6 26.0£8.5 7.0 11.2
DSBL 18.7 £ 9.6 5.1 19.7 £4.0 5.4 16.0+ 174 6.6 200+5.7 55 9.0
DSBR 10.7 £ 3.5 4.9 13.7 £ 2.1 6.2 6.0+ 4.4 41 156,56 +£3.5 | 10.0
DSFL 19.1 £ 6.6 4.7 28.7 £4.5 rés| 20.3+25 7.6 19.0£9.9 4.7 6.7
DSFR 25,8+ 120 5.2 30.7£7.6 6.1 173+ 75 5.2 320+8.5 6.4 6.6
LLB 11£141 4.4 33+15 13.3 0.0+ 0.0 0 20+28 8.0 0

LLF 1.7+16 4.5 3.0+35 7.9 1.0+£1.0 4.0 3.0+28 7.9 7.9
LSB 55+1.5 513 5.50 + 3.6 4.8 33+25 4.8 55+35 5.3 12.5
LSF 241 +£10.0 b2 32.0+£10.0 6.9 19.3+56.5 6.2 1756 +£3.5 3.8 7.7
NM 425+ 16.6 5.8 503+7.4 6.8 21.3+194 4.4 320+4.2 4.4 4.5
TLL 6.0 £3.0 4.3 10.3+1.5 7.4 53+56.9 5.8 75+21 5.4 12.2
TLR 7.9+ 3.1 5l 9.0+20 5.8 50+£62 4.9 8.04.2 52 11.6
TSL 172£7.5 5.4 16.3+1.5 5.2 13.0£ 8.0 6.2 16.56 £6.4 5.2 7.3
TSR 18.8+7.0 4.8 16.7 £ 6.1 5.4 10.0 £ 5.3 5.2 16.0 £5.7 55 14.8
Diagonal 1347+ 414 4.9 176.3 £ 35.0 6.4 103.7 £ 571 5.6 171.0 £ 43.8 6.2 8.9
Longitudinal 32.4+10.3 5 433 +£129 6.8 23.7+75 5.6 28071 4.4 8.2
Transverse 4494+ 14.8 5.0 51.3+6.4 6.4 33.3+23.3 5.4 480+741 5.6 8.6
NM 425+ 16.6 5.8 503+7.4 6.8 21.3+194 4.4 320+4.2 4.4 4.5
Large 76.34+23.2 4.7 109.3 £ 18.1 6.6 55.3 +38.9 5.1 105.0 £22.6 6.4 10.3
Short 136.9 + 491 5.1 161.7 £ 22.4 6.1 105.3 £ 438.3 6.0 142.0 + 35.4 5.4 8.6

SD, standard deviation; DLBL, diagonal large backward left; DLBR, diagonal large backward right; DLFL, diagonal large forward left; DLFR, diagonal large forward right;
DSBL, diagonal short backward left; DSBR, diagonal short backward right; DSFL, diagonal short forward left; DSFR, diagonal short forward right; LLB, longitudinal
large backward; LLF, longitudinal large forward; LSB, longitudinal short backward; LSF, longitudinal short forward; NM, no movement; TLL, transversal large left; TLR,
transversal large right; TSL, transversal short left; TSR, transversal short right.
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Category Game 1 Game 2 Match Mean + SD

Mean + SD Frequency (%) Mean + SD Frequency (%)
DLBL 9.7+6.6 44.8 11.9+8.7 55.2 10.8 £ 7.7
DLBR 72+32 46.4 83+53 53.6 7.8+43
DLFL 6.9+ 36 50.8 6.7 +3.8 49.2 6.8+ 3.7
DLFR 9.8+6.1 471 11.0£6.9 52.9 10.4 £ 6.5
DSBL 109+5.8 53.4 9.5+6.3 46.6 10.2 £6.0
DSBR 6.3+ 4.0 521 5.8+ 3.0 47.9 6.1 +£35
DSFL 10.5+£ 4.6 46.9 11.9+44 53.1 11.2+45
DSFR 12.8 £ 6.0 46.3 14.9 + 8.6 53.7 139+73
LLB 0.7+0.9 48.0 0.7+12 52.0 0714
LLF 09+13 421 12+1.4 57.9 11+£13
LSB 3.1+20 52.9 27+19 471 29+19
LSF 10.4 £ 5.6 40.3 16.4+£7.0 59.7 129 £ 6.7
NM 20.4 £13.0 49.9 205+84 50.1 20.5+£10.8
TLL 3.1+20 39.6 47 + 3.6 60.4 3.9+30
TLR 39+21 45.2 4.7 +£ 31 54.8 43+26
TSL 8.3+3.0 47.2 9.3+55 52.8 88+44
TSR 6.9+ 5.1 42.8 92472 517:2 8.1+6.3
Diagonal 74.4 £29.8 56.3 719+ 341 53.9 731 £31.7
Longitudinal 181 £6:6 11.4 191 £94 13.5 16.7 £8,2
Transverse 22,1 £7:8 16.8 251 £171 18.8 23.7+£134
NM 20.4 +£13.0 15.5 18.56 +£8.0 13.8 19.4 +£10.6
Large 423+17.8 32.0 442 £ 244 33.2 433 +£21.3
Short 69.3 +21.8 52.5 70.9 £35.2 53.0 10.1 £29.3

SD, standard deviation; DLBL, diagonal large backward left; DLBR, diagonal large backward right; DLFL, diagonal large forward left; DLFR, diagonal large forward right;
DSBL, diagonal short backward left; DSBR, diagonal short backward right; DSFL, diagonal short forward left; DSFR, diagonal short forward Right; LLB, longitudinal
large backward; LLF, longitudinal large forward; LSB, longitudinal short backward; LSF, longitudinal short forward; NM, no movement; TLL, transversal large left; TLR,
transversal large right; TSL, transversal short left; TSR, transversal short right.
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1 point 2 points 3 points
Lags: -2 -1 0 +1 +2 -2 -1 4 +1 +2 -2 -1 0 +1 +2
London 2012
BLO  -112 050 000 08 052 -028 -016 000 -028 -017 127 -046 000 -079 048
DOD  -204 104 000 195 -081 -042 -033 000 -063 -052 232 -095 000 -180 054
cut -2.06 0.50 0.00 =117 -1.08 -0.16 0.00 -0.22 4.30 -0.46 -0.46 0.00 1.32 -0.69
OPE 019 044 000 -074 103 -050 000 -045 -056 003 066 000 096 132
DIA 203 -096 107 -009 -031 178 -086 -037 052 -187 028 -078 024 054
INA  -029 038 074 18 109 -046 045 045 -035 044 -022 096 208 —1.00
ACA 050 -063 138 000 052 -028 -045 000 -0.47 -046 078 -128 000 -048
SCA 038 019 128 08 098 -042 197 028 -030 022 -003 054 -079 085
PCA 071 080 -147 085 075 -016 -022 316 -024 -066 -046 132 -093 -0.69
LN 0146 169 -087 -133 198 -078 090 102 000 -016 240 075 186  1.98
CR  -038 128 100 133 188 088 109 102 000 038 171 062 186 158
GR 047 079 242 000 070 -025 656 000 000 -047 -078 -045 000 070
PET -0.33 -0.55 6.56 -151 0.00 017 212 0.50 0.00 0.33 0.51 -6.05 1.36 0.00
cAB 033 085 656 151 000 -047 -242  -050 000 033 -051 605 —136  0.00
Rio de Janeiro 2016

BLO -1.30 -0.30 0.00 -0.30 0.76 - - - - - 1.30 0.30 0.00 0.30 -0.76
DOD  -131 101 000 -033 048 - - - - - 181 -101 000 033 048
cuT  -187 099 000 08 009 - - = - N 187 099 000 -08 -009
OPE 080 044 081 000 137 - - - - - —080 044 081 000 137
DIA 148 049 288 152 118 - = = - - —148 049 -253 152 118
INA  -036 —125 207 200 044 - - - - - 036 125 207 -200 044
ACA 000 000 081 08 000 - - - - - 000 000 -081 -08 000
SCA 1.48 0.25 -0.76 —0.44 1.10 - = = = = -1.48 -0.25 0.76 0.44 -1.10
PCA 000 000 -184 000 076 - - - - - 000 000 18 000 -076
LN 040 035 222 114 005 - - - - - -040 035 22 114 005
CIR -0.40 035 -1.34 1.27 0.06 = = o = = 0.40 -0.35 1.34 -1.27 -0.05
GR 000 000 184 -034 000 - - - - - 000 000 184 034 000
PET 037 132 483 -210 135 = N - - - -087 -182 483 240 -135
CAB -037 132 48 240 135 - - - - - 037 132 48 -210 135

Bold front means significate vectors (Z > 1.96). Z values of retrospective lags (-2, —1), focal behavior (0) and prospective lags (+1, +2) are represented. (-) behaviors have an inhibitory
effect while positive behaviors have an excitatory (+) effect. BLO, blocks; DOD, dodges; CUT, cuts; OPE, opening: DIA, direct attack; INA, indirect attack; ACA, anticipatory counterattack;
SCA, simultaneous counterattack; PCA, posterior counterattack, LIN, linear technique; IR, circular technique; GIR, spinning technique; PET, action to the chest protector; CAB, action
1o the head.
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1 point 2 points 3 points

Lags: -2 -1 o +1 +2 -2 -1 0 +1 +2 -2 -1 0 +1 +2
Jones
BLO -142  -0.09 000 -0.15 0.99 - - = = - 1.42 0.09 0.00 015  -099
DOD —2.68 1.04 0.00 115 -012 - - - - - 268 -1.04 000 -1.15 0.12
cut —154  -0.09 000 -156 -057 - - - - - 154 0.09 156 057
OPE 024 -0417 066 -0.54 = = - = - -0.24 0.17 0.54 0.70
DIA 195 -1.30 174  -084 - - - - - -1.95 1.30 0.84 1.24
INA 118 087 -274 -028 -0.06 e = = e - -1.18 0.87 0.28 0.06
ACA 067 -0.09 164 0.00 0.00 - - - - - -0.67 0.09 0.00 0.00
SCA 0.80 1.41 -0.28 0.74 1.30 - - - = - -080 141 028 074 -130
PCA 0.00 068 -156 0.66 0.99 - - - - - -000 -068 166 -066 -0.99
LN -014 178 087 -283 -152 - - - - - 0.14 178 087 283 152
CIR 0.00 151 -0.40 3.39 1.27 - - - - - -000 -1561 040 -339 -127
GIR 0.40 074 -156 -1.48 0.70 - - - - - -040 074 1.56 148  -0.70
PET 1.07 1.40 627  -2.10 1.48 - - - - - —107  -1.40 -627 240 148
CAB -107 -140 -627 210 —1.48 = = - & = 1.07 1.40 6.27 -2.10 1.48
Dae-Hoon

BLO 0.00 0.00 0.00 0.83 0.00 0.00 000 -0.28 0.00 0.00 0.00 -0.76 0.00
DOD -0.74 0.24 0.00 0.16 0.92 -0.46 000 -068 -0.38 106 -0.04 0.14  -081
cut -275 -1.80 0.00 083 062 -0.19 000 -0.28 276 1.19 1.99 -075  -081
OPE 098 -0.39 0.00 083 -062 -0.35 000 -028 -038 -0.88 057 -0.75 087
DIA 1.64 0.59 177 -166 -1.02 130 -089 -052 -083 —-147 -121 1.99 1.56
INA -1.96 122 1.01 1.03 0.92 -0.41 -0.34 -035 038 228 -1.10 -093  -081
ACA 0.00 0.00 1.01 0.67 051 0.00 000 -0.34 -0.19  -0.21 0.00 000 -091 -062  -0.45
SCA 116 091 208 -1.80 051 -042 -046 169 -019 -021 -1.03 117 1.45 199 045
PCA 0.79 000 -187 -0.39 051 -0.29 000 -0.34 3.00 -0.21 -0.70 0.00 243 -093 -045
LN 0.89 011 1.04 1.48 085 000 -063 -067 -057 000 -089 025 -080 127 -085
CIR -1.14  -032 039 -197 -1.01 0.00 070 -1.34 0.76 0.00 114 -006 0.19 1.69 1.01
GIR 0.35 048  -265 0.67 0.46 000 -022 3.81 -0.26 000 -035 041 110 -057 -0.46
PET -053 048 4.96 -1.30 0.00 0.00 0.22 203 0.50 0.00 053 0.41 -4.34 1.1 0.00
CAB 053 048  -4.96 1.30 0.00 000 022 -203 -050 000 -053 -041 434 1.1 0.00

Bold front means significate vectors (Z > 1.96). Z values of retrospective lags (-2, ~1), focal behavior (0) and prospective legs (+1, +2) are represented. (-) behaviors have an inhibitory
effect while positive behaviors have an excitatory (+) effect. BLO, blocks; DOD, dodges; CUT, cuts; OPE, opening; DIA, direct attack; INA, indirect attack; AGA, anticipatory counterattack;
SCA, simultaneous counterattack; PCA, posterior counterattack; LIN, linear technique; CIR, circular technique; GIR, spinning technique; PET, action to the chest protector; CAB, action
to the head.
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CAB

157
257
-2.90
081
251
-0.36
0.61
1.21
0.88
0.33
-0.55
055
0.54
-0.54

-1

-0.20
097
-1.00
—0.44
-0.39
021
-0.20
0.42
0.63
-1.70
133
0.88
0.74
-0.74

1 point

o

0.00
0.00
0.00
0.61
246
-1.96
1.82
-1.50
-222
1.05
0.10
-291
8.01
-801

+1

0.38
1.02
-0.24
—0.07
-1.67
0.20
0.62
-0.07
0.1
-1.50
1.71
-0.57
—2.46
246

+2

0.88
0.20
-0.66
-0.98
-1.30
061
0.62
147
1.09
39
1.03
0.86
1.70
-1.70

-2

-0.21
-0.53

4.76
-0.34

-0.12
-0.50
-0.17
0.00
0.00
0.00
0.00
0.00

-1

-0.21
-0.45
-0.25
—0.45

1.67
-0.36
-0.21
-0.38
-0.12
-0.85

0.93
-0.21

0.21
-0.21

2 points
4

000
000
0.00

-0.12

-088

-0.44

-035
1.84

~024

-1.01

-093
4.90

-178
178

+1

-0.27
-0.64
-0.21
-0.33
-0.47
—0.45
-0.12
-0.33

4.18
-0.84

0.92
-0.22

0.56
-0.55

+2

-0.18
-0.48
3.52
-0.43
-0.62
-0.32
-0.12
-0.40
-0.22
0.00
0.00
0.00
0.00
0.00

-2

1.66
2.76
1.66
-0.73
-2.39
0.45
-0.59
-1.09
-0.84
-0.33
0.55
-0.56
-0.54
0.54

-1

0.26
-0.87
1.08
0.56
-0.05
-0.12
0.26
-0.33
-0.61
2,03
-1.67
-0.83
-0.83
0.83

3 points

0

0.00
0.00
0.00
—0.59
-2.26
211
-1.76
1.03
232
-0.80
0.14
1.66
-7.68
7.68

+1

-0.32
-0.86
0.29
0.16
1.82
—-0.09
-0.60
0.16
-122
1.80
-205
0.66
233
-233

+2

-0.85
—-0.07
-0.31

1.12

1.49
-0.53
-0.59
-1.08
—1.04

1.39
-1.03
-0.86
-1.70

1.70

Bold front means significate vectors (Z > 1.96). Z values of retrospective lags (-2, ~1), focal behavior (0) and prospective legs (+1, +2) are represented. (-) behaviors have an inhibitory
effect while positive behaviors have an excitatory (+) effect. BLO, blocks; DOD, dodges; CUT, cuts; OPE, opening: DIA, direct attack; INA, indirect atteck; ACA, anticipatory counteratteck;
SCA, simultaneous counterattack; PCA, posterior counterattack; LIN, linear technique; CIR, circular technique; GIR, spinning technique; PET, action to the chest protector; GAB, action
to the head.
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Criteria

Tactics

Techniques

Kicking zone

Score

Categories

Direct attack
Indirect

attack

Anticipated
counterattack

Simutaneous
counterattack

Posterior
counterattack

Opening
Block

Dodge

Cut

Linear

Circular

Spin

Trunk
Head
0 points

1 point
2 points
3 points

4 points

Code

DA

INA

ACA

SCA

PCA

OPE
BLO

cuT

LIN

CR

GIR

PET
CAB
SCO

SC1
SC2
SC3

SC4

Categorical core or description

Offensive action with the objective of scoring, ending with an impact on the opponent but without previous
movement

Offensive action in order to score, ending with an impact on the opponent and with previous movement
such as a step, skip, opening, guard change, kicking trajectory modification, etc.

Action that starts during the opponent's attack with the purpose of scoring. The athlete kicks the attacker
during the preparatory phase (guard) and/or initial phase (when the opponent's knee is being raised)

Action that starts at the same time as the opponent's attack and has a scoring purpose. The athlete kicks
at the same time as the opponent. Thus, the counter attacker kicks at the end of the attacker's initial
phase (leg raised) or during the impact momentum (impact phase) of the attacker's kick

Action that begins after the opponent's attack (during the descending phase, or when attacker's leg
touches the ground) with a scoring purpose. Athletes kick at the same time. This action (sometimes)
includes a previous backward displacement to dodge the opponent's attack

Movement to control the distance with the opponent or bridge the gap between both competitors

Defensive actions to avoid the impact of a kick by placing one am or leg between the protector and the
leg of the opponent. This does not have a scoring objective

Defensive actions to avoid the impact of a kick by placing one am or leg between the protector and the
leg of the opponent. This does not have a scoring objective

Defensive forward movement to avoid being beaten by a close opponent, and to prevent the attacking
action from being completed. This does not have a scoring objective

The kicking leg is directed toward the front of the opponent's body with a pushing motion in an attempt to
kick the opponent with the sole of the foot

The kicking leg s directed toward the opponent's side, with a circular movement in an attempt to kick the
opponent with the instep

Action performed with a previous rotation, at least 180° from the initial position, before kicking the
opponent

Kick to permitted areas of the trunk

Kick to permited areas of the head

Action does not impact on the permitted areas, or impacts in these areas but not with enough force to
score

Score obtained by a valid action performed to the trunk with a linear or circular technique
Score obtained by a valid action performed to the trunk using a spin beforehand (in 2012)

Score obtained by a valid action performed to the head with a linear or circular technique or spinning
technique to the chest (in 2016)

Score obtained by a valid action performed to the head using a spin beforehand
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Season 1

Iberostar Tenerife
Baskonia

Real Madrid
Morabanc Andoria
Valencia Basket
Herbaiie Gran Canaria
Barcelona Lassa
Unicaja

Season 2

Valencia Basket
Iberostar Tenerite

Real Madrid

Unicaja Mélaga
Montakit Fuenlabrada
Herbalife Gran Canaria
FC Barcelona Lassa
Baskonia

Season 3

Iberostar Tenerife
Unicaja Malaga

Barga Lassa

Valencia Basket

Kirolbet Baskonia
Divina Seguros Joventut
Real Madrid

Movistar Estudiantes
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Variable # df

P V. P Association level
Shooting 158,611 12 0.000 0117 0,000 Low
Eficacy 36343 12 0.000 0056 0,000 Low

p<0.001.
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Type of attack 107.400 2 0.000
Use of screens.

Type of defense

Possession duration cluster

Number of participants cluster

Number of passes cluster

s

. situational variables. p < 0.007,

81.262
56.629
155.000
108.018
144.963

0.000
0.362
0.000
0.000
0.000

Ve

0.167
0.082
0.038
0.115
0118
0.116

0.000

0.891
0.000
0.000
0.000

Association
level

Low
Small
Small
Low
Low
Low
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Low passing (zero and one pass)
Adequate passing (two, three, and four passes)
Moderate passing (fve and six passes)

High passing (>seven passes)

Total

2015/2016

n % ASR

733 566 2.3
45 35 16
171 132 28
347 268 00
1,206

813

121
328
1,207

2016/2017

%

62.7
27
9.3

253

ASR

32
-05
-26
-15

2017/2018
n %
739 58.1
31 24
141 1.1
361 28.4

1,272

Total

n %
2285 591
1 29
433 1.2
1086 268
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Age category Performance Representative SSCG Maintaining Ball Possession Games Progression to Target Games
Indicators
Gk+3vs3+Gk Gk+4vs4+Gk P r Gk+3vs3+Gk Gk+4vs4+Gk P r Gk+3vs3+Gk Gk+4vs4+Gk P r
uts Players Involved 2.53 +£0.92 269 +1.07 0492 -0.04 3.08 &+ 094 3.78+1.25 0.000* -0.32** 2.59 +£1.03 259+1.15 0805 -0.02
Ball Touches 7.95 + 5.51 8.14 +£557 0800 -0.02 8.29 + 6.45 10.90 £7.75 0.015* -0.19 8.01 £5.39 726 +5.00 0316 -0.07
Passes 2.71 +£1.92 3.03 £2.17 0.362 —0.06 5.35 + 3.93 6.47 £4.52 0.050* -0.15 272 +2.23 2.60 £ 2.10 0.783 —0.02
Ball Touches/Duration 0.76 + 0.38 0.66 +£0.23 0.128 -0.10 0.51+0.19 057 £0.21  0.013* -0.19 0.77 £ 0.36 0.68+0.26 0.084 —0.11
ul7 Duration of Ball 13.92 + 14.23 12.89 +£10.05 0.872 —-0.01 24.09 +£22.28 17.29 +£18.11 0.008* —0.20** 15.86 + 11.60 14.88 +156.61 0.125 —0.11
Possession (s)
Ball Touches 9.26 £+ 7.40 8.18+4.94 0634 -0.03 12.36 £ 9.22 829+6.06 0.001* -025** 10.93 +7.39 868 +558 0058 —0.13
Passes 3.09 + 2.47 2.62 +£1.84 0.314 -0.07 6.70 + 4.87 4.87 +3.68 0.004* —0.22* 3.44 £2.85 2.96 + 2.31 0.074 -0.12
Players 0.29+0.17 0.30 £0.17 0.795 -0.02 0.23+0.15 0.30 £0.15 0.001* —0.24** 0.24 £0.14 0.29+0.15 0.012* -0.17
nvolved/Duration
Ball Touches/Players 3.32 +£1.91 3.00+1.75 0.133 -0.10 3.64 +£2.53 220+1.05 0.000* -0.35** 3.95 +£2.39 3.08+1.63 0007 -0.19
nvolved
Passes/Players 1.06 + 0.60 0.82 +£0.43 0004* -0.19 1.96 + 1.31 1.28 £0.62 0.000* —0.37** 1.18 £0.52 0.92 +£0.56 0.000* —0.28**
nvolved
Goal/Shots 0.24 +0.42 0.23 £0.42 0.867 —0.01 0.10 £ 0.30 0.02 £0.15 0.032* -0.16 0.14 £0.34 0.24 £0.43 0.075 -0.12

*Significant differences (p < 0.05). **Small magnitude of the effect.
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Age Performance Indicators Gk+3vs3+Gk Gk+4vs4+Gk
category
R-SSCG MBPG PTG R-SSCG MBPG PTG

u1s Duration of Ball Possession (s) ~ 11.87 + 9.84* 17.75 £15.31% 1250+ 11.31% 1420+ 11.83%  20.36 + 15.90  12.08 + 10.46%
Players Involved 253 + 0.92* 3.08 & 0948 2.59 + 1.03% 2.69 +1.07* 378 £ 1.25% 259 & 1.15%
Ball Touches 7.95 + 5.51 8.29 + 6.45 8.01 £ 5.39 8.14 +5.57* 10.90 & 7.75%8 7.26 + 5.00%
Passes 2.71 + 1.92* 5.35 4 3.93%8 272 +£2.23% 3.08 £2.17* 6.47 + 4.5248 2.60 +2.108
Shots 0.41 +0.53* 0.16 + 0.37%% 0.48 £ 0.57% 0.50 & 0.62* 0.14 £ 0.39%% 0.43 + 0.54%
Players Involved/Duration 0.28 £0.17 0.27 +£0.16 0.30 £0.16 0.27 £0.16 0.28 £ 0.23 0.28 +0.13
Ball Touches/Duration 0.76 + 0.38* 0.51 +0.19% 0.77 £ 0.36% 0.66 + 0.23* 0.57 £0.21% 0.68 + 0.26%
Passes/Duration 0.24 +0.15* 0.35 +0.16"8 0.26 + 0.20% 0.25 +0.17* 0.37 £ 0.21#8 0.23 +0.15%
Ball Touches/Players Involved 317 + 1.93* 2.46 + 1.50%% 3.06 & 1.69° 2.98 +1.34 2.66 £ 1.37 2.75+1.30
Passes/Players Involved 0.99 + 0.61* 1.62 & 0.87#S 0.96 + 0.60° 1.03 + 0.5218 1.59 + 0.78%S 0.90 + 0.47%&
Passes/Ball Touches 0.43 + 0.38" 0.72 £ 0.33#8 0.38 + 0.328 0.40 + 0.22# 0.63 + 0.17#8 0.40 + 0.26%
Goal/Shots 0.18 & 0.38* 0.02 +0.15%% 0.25 & 0.43% 0.17 +0.36* 0.02 +0.12#8 0.20 + 0.40%

u17 Duration of Ball Possession (s) ~ 13.92 + 14.23%& 24,09 +22.28% 1586+ 11.60%  12.89 +10.05 17.29 + 18.11 14.88 + 15.61
Players Involved 2.65 + 0.92* 3.26 + 0.82%8 2.73 +1.05% 2.83 +1.16* 3.53 +1.31#8 2.88 + 1.29%
Ball Touches 9.26 + 7.40* 12.36 & 9.22%% 10.93 + 7.39° 8.18 +4.94 8.29 + 6.06 8.68 + 5.58
Passes 3.09 + 2.47* 6.70 + 4.87%8 3.44 +2.85% 2.62 +1.84* 4.87 + 3.68%8 2.96 +2.318
Shots 0.53 + 0.59* 0.19 + 0.42%8 0.44 + 0.64% 0.42 +0.53" 0.13 £ 0.34%8 0.43 +0.528
Players Involved/Duration 0.29 + 0.17#& 0.23 + 0.15"* 0.24 + 0.14% 0.30 £ 0.17 0.30+£0.15 0.29 + 0.15
Ball Touches/Duration 0.76 + 0.25" 0.59 + 0.18"8 0.74 +0.23% 0.78 +0.38" 0.57 + 0.22#8 0.77 £ 0.32%
Passes/Duration 0.26 + 0.14* 0.33 +0.12%8 0.25 +0.128 0.23 +0.15% 0.33 +0.13% 0.25+0.218
Ball Touches/Players Involved 3.32 +1.91% 3.64 +2.53 3.95 +2.39% 3.00 + 1.75* 2.20 & 1.05"% 3.08 + 1.63%
Passes/Players Involved 1.06 =+ 0.60%& 1.96 + 1.31%9 1.18 + 0.52% 0.82 +0.43" 1.28 + 0.62%8 0.92 + 0.56%
Passes/Ball Touches 0.38 + 0.22# 0.57 £ 0.16"8 0.36 + 0.218 0.36 + 0.25" 0.60 + 0.15%8 0.35 + 0.23%
Goal/Shots 0.24 + 0.42* 0.10 + 0.30* 0.14+0.34 0.23 +0.42* 0.02 + 0.15"8 0.24 +0.43%

#Significant differences between Representative SSCG and Maintaining Ball Possession Games at the same category and SSCG'’s configuration; $Signiﬁcazm‘ differences
between Maintaining Ball Possession Games and Progression to Target Games at the same category and SSCG’s configuration; &Significant differences between

Representative SSCG and Progression to Target Games at the same category and SSCG'’s configurations.
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Criteria

(1) Start of offensive
phase/ball recovery
©R)

(2) Development of
defense/attack
transition-state (DT)

(@) Progress of Ball
Possession (OP)

(4) End of Offensive
Phase ()

(5) Pattern of pitch
space position

(6) Center of the
Game (CJ)

(7) Spatial pattern
of teams interaction
(cE)

Categories

BRi: Interception; BRt: Tackle; BRgk: Intervention of the goalkeeper in the defensive phase; BRp: Defensive behavior followed by a pass;
BRst: Start/restart of the offensive phase; BRv: Opponent’s violation of the laws of the game; BRc: Corner kick; BRgki: Goal kick; BRdb:
Dropped ball; BRt: Throw-in

DTpsp: Posttive short passing; DTnsp: Negative short passing; DTplp: Positive long passing; DTnlp: Negative Long Passing; DTper: Positive
Crossing; DTner: Negative Crossing; DTrb: Running with the ball; DTd: Dribbling (1x1); DTbe: Ball control; DTdu: Duel; DTs: Shooting; DTns:
Opponent’s intervention with no Success; DTogk: Intervention of the goalkeeper in the offensive phase; DTdgk: Intervention of the
goalkeeper in the defensive phase

DPpsp: Positive Short passing; DPnsp: Negative short passing; DPplp: Positive Long Passing; DPip: Negative Long Passing; DPpor:
Positive Crossing; DPncr: Negative Crossing; DPrb: Running with the ball; DPd: Dribbling (1x1); DPbe: Ball control: DPdu: Duel; DPs:
Shooting; DPns: Opponent's intervention with no success; DPogk: Intervention of the goalkeeper in the offensive phase; DPdgk:
Intervention of the goalkeeper in the defensive phase; DP: Violation of the laws of the game; DPc: Corner kick; DPgki: Goal kick; DPdb:
Dropped Ball; DPti: Throw-in

Fws: Wide shot; Fst: Shot on target; Fso: Shot stopped, with no continuation of ball possession; Fgl: Goal; Fled: Loss of ball possession by
error of the ball carrier/defender's intervention; Fgk: Loss of ball possession by intervention of the opponent's goalkeeper; Fo: Throwing the
ball out of the pitch; Fi: Violation of the laws of the game

Zones 1-12

Direction of attack

Pr: Relative numerical inferiority; Pa: Absolute numerical inferiority; Pe: Pressure in numerical equality; NPe: No pressure in numerical
equality; NPr: Relative numerical superiority; NPa: Absolute numerical superiority

EF: Ball in the empty zone (goalkeeper) versus offensive line; BF: Back line versus offensive line; BM: Back line versus mid line; BE: Back line
versus exterior zone; MF: Mid line versus offensive line; MM: Mid line versus mid line; MB: Mid line versus back line; FM: Offensive line
versus mid line; FB: Offensive line versus back line; EB: Exterior zone versus back line; FE: Offensive line versus empty zone (goalkeeper)
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Small-Sided and  Performance Representative SSCG Maintaining Ball Possession Games Progression to Target Games
Conditioned Indicators
Games
configuration uUi5 uU17 p r uU1i5 u17 P r ui5 uU17 p R
Gk3vs34+-Gk Duration of Ball 11.87 £ 9.84 13.92 + 1423 0.693 -0.03 17.75 £ 156.31 24,09 +£22.28 0.050* —-0.15 12.50 + 11.31 1586 +11.6 0.014* -0.17
Possession (s)
Ball Touches 7.95 + 5.51 926 +7.40 0274 -0.07 8.29 + 6.45 12.36 £9.22 0.001* -0.25* 8.01 £5.39 1093 £7.39 0.005* —0.19
Passes 271 +£1.92 3.09+£2.47 0444 -0.05 5.356+3.93 6.70 £4.87 0.037* —-0.16 2.72:4:2.23 3.44 +£285 0.007* -0.18
Players 0.28 +£0.17 029+0.17 0658 -0.03 0.27 £0.16 023+0.15 0.119 -0.12 0.30+0.16 0.24 +£0.14 0.009* -0.18
nvolved/Duration
Ball Touches/Duration 0.76 + 0.38 076 £0.25 0250 -0.07 0.51+0.19 059 +£0.18  0.002* —0.24** 0.77 +£ 0.36 0.74+£0.23 0925 -0.01
Ball Touches/Players 3.17 £1.93 3.32+1.91 0338 -0.06 2.46 +£1.50 3.64 £2.53 0.000* -0.28** 3.06 £+ 1.69 3.95+239 0.003* —0.20**
nvolved
Passes/Players 0.99 + 0.61 1.06 £0.60 0.383 —0.06 1.62 +0.87 196 +£1.31 0.1056 -0.13 0.96 £ 0.60 118 +£0.52 0.001* -0.23**
nvolved
Passes/Ball Touches 0.43 £0.38 0.38+0.22 0922 -0.01 0.72 £0.33 0.57 £0.16  0.001* -0.26** 0.38 +0.32 0.36 £0.21 0.842 —0.01
Goal/Shots 0.18 +£0.38 0.24 £0.42 0216 -0.08 0.02 +£0.15 0.10 £0.30 0.042* -0.16 0.25 4+ 0.43 0.14 +£0.34 0.041* -0.14
Gk4vs4+Gk Duration of Ball 14.20 +11.83 12.89 + 10.05 0.487 -0.05 20.36 + 15.90 17.29 +18.11 0.033* —-0.16 12.08 + 10.46 14.88 +15.61 0.276 —0.07
Possession (s)
Ball Touches 8.14 £ 5.57 8.18+4.94 0584 -004 1090+7.75 829 +6.06 0.017* -0.09 7.26 £ 5.00 8.68 £5.58 0.05* —0.13
Passes 3.03+2.17 262+1.84 0228 -0.08 6.47 + 4.52 487 £3.68 0.005* —0.21** 2.60 +2.10 2.96 + 2.31 0.294 -0.07
Shots 0.50 + 0.62 0.42 +£0.53 0.461 -0.05 0.14 £0.39 0.13+0.34 0.965 0.00 0.43 £ 0.54 043 +0.52 0923 -0.01
Players 0.27 £0.16 0.30 £0.17 0.117 -0.10 0.28 +0.23 0.30 £0.15  0.050* -0.15 0.28 +£0.13 029 +£0.15 0.979 0.00
nvolved/Duration
Ball Touches/Duration 0.66 + 0.23 0.78+0.38 0.011* —-0.17 0.57 + 0.21 057 £0.22 0551 -0.05 0.68 + 0.26 0.77 £0.32  0.040* -0.14
Ball Touches/Players 298 +1.34 3.00+1.75 0588 -0.04 2.66 +1.37 220+1.05 0012* -0.19 2.75+1.30 3.08+1.63 0.127 -0.10
nvolved
Passes/Players 1.08 +£ 0.52 0.82 +£0.43 0.002* -0.20** 1.59+0.78 128 +£0.62 0.000* -—0.28** 0.90 + 0.47 092 +056 0787 —0.02
nvolved
Passes/Ball Touches 0.40 £0.22 0.36 £0.25 0.039* -0.14 0.63 £0.17 0.60 £0.156 0.099 -0.13 0.40 £ 0.26 0.35+0.23 0.167 -0.09

*Significant differences (p < 0.05). **Small magnitude of the effect.
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Rally length GC MC Confidence interval Post hoc Effect size
X/S % X/S % Lower Upper p < 0.05 d

1 stroke 2.90 +1.58 20.96 1.91 £ 1.41 14.02 —1.826 -0.1567 0.022* 0:555

From 2 to 5 strokes 10.71 £4.75 63.09 11.08 £4.26 69.48 —1.788 1.062 0.594 0.121

From 6 to 9 strokes 2.06 +1.25 11.71 2.04 +£1.26 13.02 -0.715 0.670 0.947 0.0152

10 or more stroke 0.70 +£ 0.65 4.22 0.61 +£0.71 3.46 —0.354 0.537 0.672 0.096

GC = Tennis 10s Green Competition, Modified Competition = MC. X = mean, S = standard deviation. Post hoc: statistically significant differences = p < 0.05*. Effect

size = Cohen’s d.
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Stroke effectiveness GC MC Confidence interval Post hoc Effect size
X/S % X/S % Lower Upper p <0.05 d
Ace 0.29 + 0.46 0.50 0.42 +0.51 0.70 —-0.178 0.438 0.390 0.196
Winner 3.44 +£1.98 4.73 2.55 £1.40 4.30 0.032 1.751 0.043* 0.485
Transition stroke 34.84 + 14.24 47.27 30.63 + 16.69 4410 —18.71 5.294 0.366 0.207
Previous stroke of an opponent error 10.64 £ 3.37 15.11 1145 £2.76 18.41 —2.087 0.472 0.202 0.295
Error 21.78 +4.88 32.18 20.17 £5.85 32.04 —3.926 0.710 0.163 0.324
Let 0.156+0.45 0.25 0.26 +£0.26 0.43 —0.365 0.141 0.364 0.207

GC = Tennis 10s Green Competition, Modified Competition = MC. X = mean, S = standard deviation Post hoc: statistically significant differences = p < 0.05%. Effect

size = Cohen’s d.
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Kinds of situational and special strokes GC MC Confidence interval Post hoc Effect size
X/S % X/S % Lower Upper p <0.05 d

Passing return 0.00 + 0.00 0.00 0.50 +£0.10 0.10 0.001 0.098 0.042* 0.487
Lob return 0.05 + 0.11 0.12 0.60 + 0.52 1.02 —0.790 —0.308 <0.001#** 1.069
Drop return 0.52 £ 0.77 0.77 0.51 £0.62 0.82 —0.486 —0.461 0.956 0.0012
Approach 0.08 +0.23 0.09 0.83 + 0.69 1.44 —1.081 —0.435 <0.001*** 1.100
Passing 0.02 +0.07 0.04 0.26 +0.38 0.46 0.049 0.425 0.016* 0.591
Lob 2.10 +£1.95 2.69 1.88 +£2.06 2.58 —0.960 1.393 0.705 0.086
Drop 0.76 £ 0.94 1.13 1474145 1.74 —0.055 0.874 0.081 0.412
Counter drop 0.01 £0.07 0.15 0.11 £0.20 0.16 -0.010 0.203 0.075 0.421
Half volley 0.07 £0.18 0.10 1.08 £ 1.12 1.51 0.479 1.553 <0.001*** 0.886
Total 3.64 +£2.74 100 6.53 +4.18 100 —4.570 —1.200 0.002** 0.803

GC = Tennis 10s Green Competition, Modified Competition = MC. X = mean, S = standard deviation. Post hoc: statistically significant differences (p < 0.05%, p < 0.01%*,

p < 0.001***). Effect size = Cohen’s d.
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0.436
0.373
0.292
0.347
0.535
0.222
0.989
0.133

Effect size

d

0.205
0.563
0.276
0.177
0.204
0.242
0.215
0.141
0.282
0.003
0.351

Post hoc: statistically significant differences = p < 0.05*. Effect
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Macro variable kinds of technical and tactical stroke

Micro variables basic strokes
Initial category

First service

Second service

Forehand return

Two-handed backhand return/one-handed backhand return

Forehand groundstroke

Two-handed backhand groundstroke/one-handed backhand groundstroke
Forehand volley

Backhand volley

Smash

Micro variable special strokes

Forehand lob/two-handed backhand lob/one-handed backhand lob
Forehand drop/two-handed backhand drop/one-handed backhand drop
Forehand half volley/two-handed backhand half volley/one-handed backhand half volley

Micro variable situational strokes

Forehand lob return/two-handed backhand lob return/one-handed backhand lob return
Forehand drop return/two-handed backhand drop returm/one-handed backhand drop return
Forehand approach/two-handed backhand approach/one-handed backhand approach

Forehand counter drop/two-handed backhand counter drop/one-handed backhand counter drop
Forehand passing/two-handed backhand passing/one-handed backhand passing

Two-handed backhand return/one-handed backhand return

Forehand drop returm/two-handed backhand drop return/one-handed backhand drop return
Forehand return approach/two-handed backhand return approach/one-handed backhand return
approach

Forehand passing of returrvtwo-handed backhand passing of return/one-handed backhand
passing of return

Macro variable player’s hitting area
Initial category

Behind the baseline in the central area
Behind the baseline in the right area

Behind the baseline in the left area

Inside the court and behind the service line in the central area
Inside the court and behind the service line in the right area
Inside the court and behind the service line in the left area
Between the service line and the net in the central area
Between the service line and the net in the deuce area
Between the service line and the net in the advantage area
Right singles sidelines on the deuce side

Left singles sidelines on the advantage side

Macro variables landing location

Final category

First service
Second service
Forehand return
Backhand retum
Forehand groundstroke
Backhand groundstroke
Forehand volley
Backhand volley

Smash

Lob stroke
Return stroke
Half volley stroke

Lob return stroke
Drop retun stroke
Approach stroke
Counter drop stroke
Passing stroke
Backhand retun stroke
Drop return stroke
Return approach stroke

Passing return stroke

Final category

Behind the baseline in the central area
Behind the baseline in the right area

Behind the baseline in the left area

Inside the court and behind the service line in the central area
Inside the court and behind the service line in the right area
Inside the court and behind the service line in the left area
Between the service line and the net in the central area
Between the service line and the net in the right area
Between the service line and the net in the left area

Outside of the singles sideline on the deuce side

Outside of the singles sideline on the advantage side

Micro variables landing location of serve

Initial category

The wide area of the deuce side/the body area of the deuce side
The wide and body areas of both sides of the advantage side

The T area of the deuce side

The T area of the advantage side

Net error

Out of the senvice line

Out of the center service line on the deuce side/out of the center service line on the advantage
side

Out of the singles sideline on the deuce side

Out of the singles sideline on the advantage side

Final category

The wide and body areas of both sides of the deuce side
The wide and body areas of both sides of the advantage side
The T area of the deuce side

The T area of the advantage side

Net error

Out of the service line

Out of the center service line

Out of the singles sideline on the deuce side
Out of the singles sideline on the advantage side
Error (ball landing on the player's hitting side)

Micro variable ball landing location after the serve

The opponent hits the ball without previous bounce
The central area between the net and the service line
The right area between the net and the service line
The left area between the net and the service line
Inside the court behind the service line in the right area
Inside the court behind the service line in the central area
Inside the court behind the service line in the left area
Net erfor

Out of the baseline

Out of the singles sideline on the deuce side

Out of the singles sideline on the advantage side

Macro variable stroke effectiveness
Initial category

Ace (a serve made by a player in which that player gets the point directly, without his/her
opponent having touched the bal)

Winner (a stroke made by a player in which that player gets the point directly, without his/her
opponent having touched the ball

Transition stroke (a stroke made by a player after which the opponent hits the ball and it bounces
inside the court of the first player)

Previous stroke of an opponent error (a stroke made by a player after which the opponent hits the
ball and commits an error, losing the point)

Error (a player hits the ball and sends it out of the regulatory area of the court or to the et point)
Let (repeat the serve if the ball touches the net and lands in the opponent’s serve box)

Macro variable rally length
Initial category

1 stroke

From 2 to 5 strokes
From 6 to O strokes
10 or more stroke

The opponent hits the ball without previous bounce
The central area between the net and the service line
The right area between the net and the service line

The left area between the net and the senvice line

Inside the court behind the service line in the right area
Inside the court behind the service line in the central area
Inside the court behind the service line in the left area
Net error

Out of the baseline

Out of the singles sideline on the deuce side

Out of the singles sideline on the advantage side

Error (ball landing on the player's hitting side)

Final category

Ace

Winner

Transition stroke

Previous stroke of an opponent error

Error
Let

Final category

1 stroke

From 2 to 5 strokes
From 6 to 9 strokes
10 or more stroke
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Positions Winning
aK 0.032 (0.007)
B 0.082 (0.011)
oD 0.061 (0.008)
oM 0.103 (0.006)
WM 0.141 (0.026)
CF 0.116 (0.017)

Pairwise comparisons - within each
match status

Drawing

0.030 (0.005)
0.094 (0.006)
0.117 (0.006)
0.095 (0.004)
0.092 (0.005)
0.080 (0.006)

GK < FB,CD,CM,WM,CF; CD > CF

Losing

0.024 (0.004)
0.099 (0.008)
0,099 (0.008)
0.110 (0.005)
0.104 (0.006)
0.060 (0.006)

FB,CD,CM,WM > GK,CF

Pairwise
comparisons - within
each position

W<DL

W=>D,L
W> DL

GK, goalkeepers; FB, fullbacks; CD, central defenders; CM, central midfielders; WM, wide midfielders; CF, center forward; W, winning; D, drawing; L, losing. Pairwise

comparisons indicate the significant differences within each main factor.
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Positions Winning

aK 0.045 (0.006)
B 0.081 (0.005)

oD 0.070 (0.004)

oM 0.107 (0.005)

WM 0.093 (0.007)

CF 0.085 (0.007)

Pairwise comparisons - within CM > GK,FB,CD,CF; WM > GK, CD;
each match status FB,CD,CF > GK

Drawing

0.046 (0.004)
0.088 (0.005)
0,093 (0.003)
0.097 (0.003)
0.097 (0.004)
0.096 (0.005)

GK < FB,CD,CM,WM,CF

Losing

0.044 (0.004)
0.086 (0.004)
0.083 (0.004)
0.100 (0.004)
0.097 (0.004)
0.074 (0.005)

CMWM > GK,CF;

CF > GK

Pairwise
comparisons - within
each position

W <D

D>L

GK, goalkeepers; FB, fullbacks; CD, central defenders; CM, central midfielders; WM, wide midfielders; CF, center forward; W, winning; D, drawing; L, losing. Pairwise

comparisons indicate the significant diferences within each main factor
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Winning
Drawing
Losing
p-value
n

rfg , effect size.

Density

0.481 (0.05)

0.569 (0.03)

0.575 (0.04)
0.25
0.049

Clustering coefficient

0.167 (0.04)

0.233 (0.031)

0.244 (0.042)
0.35
0.037
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Positions Winning

aK 0.078 (0.023)
B 0.089 (0.009)
oD 0,089 (0.010)
oM 0.108 (0.007)
WM 0,086 (0.011)
CF 0.075 (0.015)

Pairwise comparisons - within each

Drawing

0.044 (0.005)
0.105 (0.007)
0.130 (0.006)
0.096 (0.004)
0.076 (0.006)
0.050 (0.004)

CD > GK,CM,WM,CF;
match status FB > GK,WM,CF; WM > GK

Losing

0.040 (0.008)
0.102 (0.008)
0.116 (0.007)
0.112 (0.007)
0.081 (0.008)
0.043 (0.005)

GK,CF < FB,CD,CMWM

Pairwise
comparisons - within
each position

WL

W <DL

WL

GK, goalkeepers; FB, fullbacks; CD, central defenders; CM, central midfielders; WM, wide midfielders; CF, center forward; W, winning; D, drawing; L, losing. Pairwise

comparisons indicate the significant diferences within each main factor
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BALL LANDING LOCATION AFTER THE SERVE

i | NET ERROR MC = 8.66% (3.62+1.76) I MC
0SSA=2.74% 055D=2.62%
(1.16+1.07) (1.10£0.81)
SINGLES| |SIDELINE
IBSL=9.98% LBNS=6.83% RBNS=12.81% IBSR=5.76%(
(4.41+2.22) (3.02+1.85) (5.36+4.87) 2.41+1.08)
) = w
= 2 =
0B=5.59% = 1BSC=18.58% | = | CBNS=16.03% ||| CBNS=24.58% 1B5C=9.02% ||| 0B=8.96%
(247+1.18) | & (8.20:3.92) | Of| (7.07+2.68) (10.28+7.29) (3.77:2.87) |I[B | (3.75:1.51)
< > =
o m
1*%)
(%)
IBSR=12.52% RBNS=8.67% LBNS=11.32% IBSL=5.11%
(5.52+3.55) (3.8242.21) (4.73£2.71) (2.13+1.42)
SINGLES| [SIDELINE
0SSD=2.20% 0SSA=1.79%
(1.02+0.82) (0.75+0.65)

I NET ERROR GC= 8.13% (3.59+1.64) I
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LANDING LOCATION OF SERVE “OUT”

NET ERROR MC
GC 12.60% (2.97+1.68) MC
Out singles Out singles
sideline “advantage” sidelines “deuce”
1.87% (0.46x0.36) [|[| 1.64% (0.38+0.44)
SINGLES | SIDELINE SINGLES| SIDELINE
Out of center
service line
[Ny —
N 3.63% . B
g9z (0.89+0.73) 2| e
S3IE CENTERSERVICELINE < | = o
¢ & | QI CENTER SERVICE LINE 2 I
s 2 = Out of center = il
aa ON 7 i f =3 H+ o
S 1 service line .
O o 2.75% 38
(0.65+0.49)
SINGLES | SIDELINE .
Out singles Out singles SINGLES | SIDELINE
sideline “deuce” sideline “advantage”
2.21% (0.54+0.47) 1.05% (0.25+0.21)
NET ERROR GC

18.81% (4.64+2.72)






OPS/images/fpsyg-10-02789/fpsyg-10-02789-g003.jpg
LANDING LOCATION OF SERVE “IN”

NET

GC

MC

SINGLES

SIDELINE

Wide and Body
area “advantage”

T area “advantage’

’

T area “deuce”

Wide and Body
area “deuce”

SERVICE LINE

20.93% (5.17+2.00)

21.60% (5.10+1.96)

7.64% (1.88+1.00)

11.38% (2.68+1.19)

CENTER SE

H

VICE LINE

9.76% (2.41+1.33)

8.41% (1.98+0.80)

21.56% (5.32+1.93)

22.07% (5.21+1.93)

3ANIT 3DIAY3S

Wide and Body
area “deuce”

I

T area “deuce”

|

T area “advantage”

I

I

Wide and Body
area “advantage”

SINGLES

SIDELINE
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PLAYER'S HITTING AREA

NET

GC £ MC

0ssA=2.70% o0ssp=1.72%

(1.91+0.87) (1.12+0.70)

SINGLES| [SIDELINE
BBL=6.40% 1BsL=11.77% BSNL=1.59% BSNR=2.16% 1BSR=8.87% 8BR=14.59%
(4.20£3.59) (8.54+3.68) (1.08+0.93) (1.33£0.91) (5.97+2.97) (9.01£5.44)
s E ﬁ @

- =36.019
88c=37.70% | = 1Bsc=13.51% will Bsnc=2.07% [ Bsnc=5.07% § 1Bsc=8.21% E (;;cggflglog)
(26.76£10.54) | & (9.82¢4.47) S| (L46:0.87) (3.30:2.46) [[Zf (6.1115.73) | |5 L2

- > = =
m
BBR=7.69% 1BSR=12.69% BSNR=1.28% BSNL=3.52% 18sL=8.10% 881=10.24%
(5.50+4.22) (8.96+2.93) (0.87+0.61) (2.30£1.68) (5.43+3.43) (6.55+4.01)
SINGLES| | SIDELINE
0ssp=2.60% 0ssA=1.51%
(1.85+0.92) (1.02+0.66)
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u22 U22 U221 U221
Setting m! F2 M F
Technique (%)
Forearm 491 763 444 813
Overhand 40.35° 9.3° 44.9% 08
Other 0.9 1.1 1.8 1.5
2° attack 97 133 89 165

U20 U20 U19 U19 U18 U18
M F M F M F

70.1 853 548 826 782° 885
151 00 356% 25 122 00
13 25 22 25 14 30
135 122 7.4 123 82 85

1. Male; 2. Female; and 3. Significant differences.
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Team

Brazil
Cuba
Serbia
Italy
Russia
EEUU

Sets

15
18
13
16
14
13

Team

Bulgaria
Germany
Argentina
Czech Republic
France

Spain

Sets

16
12
11
15
14
17
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Criterion

Catcher (C)
Catcher (C)
Catcher (C)
Catcher (C)
Catcher (C)
Dodger (B)
Dodger
Dodger
Dodger

oood

Dodger
Dodger (B)

Prisoner (P)
Prisoner (P)
b
L)

(
(
(
(
(
(

Liberator

Liberator

Category

CA
PA
DEF

ALZAAC
EA

HA

AC

DLL

NR
ALZAE

CE
TUFC
TUFA

Description

Catches an opponent

Chases an opponent

Defends a prisoner

Passivity

Alliance with adversary

Dodges an opponent

Runs away from an opponent

Helps a fellow escape

Moves to free places

Does not recognize being caught
Alliance between dodging adversaries

In attention

Changes position to make release easier
Touches a prisoner (fellow prisoners)
Touches a prisoner (adversary prisoners)
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1
2
3
4. MRE
5.
6
7
8

. MRE (pre)

. MRE (post 1
. MRE (post 2
(

(

(i

)
)
post 3)
MRE (post 4)

)

. MRE (post 5
.SA
. DED

Mean (SD)
Skewness

Kurtosis

0.41*
0.07
0.27
0.14
0.41**
—0.16
—0.18

87.40 (24.82)

1.72
1.76

0.11
0.19
0.20
—0.04
0.25
—0.01

84.62 (27.97)

112
1.21

0.14
0.28
—0.07
—0.04
—0.08

76.42 (31.36)

0.29
0.14

0.33*
0.13
0.17
0.26

7219 (22.01)

0.41

—0.07

0.31*
—0.02
0.02
81.03 (28.58)
0.69
0.77

-0.27
—0.06
75.53 (31.97)
0.70
0.40

0.25
3.57 (1.95)
0.85
0.67

5.38 (1.85)
—1.156
0.30

MRE, mean radial error; SA, state anxiety; DED, degree of ego depletion. *p < 0.05, **p < 0.01.
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Participants
(N=22)

15 shots
MRE (pre)

Measurement
(demographics
and dart-
related self-

efficacy)

NED and SA
manipulation

[

Group A ED and SA
/v (n=11) manipulation
15 shots
MRE (post)

NED and SA
manipulation

Measurement
(SA, DED,
EWT, EDT and
ED (or NED)
manipulation)

15 shots
MRE (post)

ED and SA
manipulation

Measurement
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ED (or NED)
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OPS/images/fpsyg-10-03040/fpsyg-10-03040-t011.jpg
Barcslona
Roal Macsid NS.
Vakencia Ns.
Viaroal NS.
Bibao NS,
AlotcoMadid  p <001
Osasuna NS,
zaragora NS.
Leante Ns.
Real Sociedad NS,
Getato Ns.
Malorca NS.
Horoulos NS.

N.S., no significant difference.

Real Madrid

NS
NS.
NS

<0001

<005
NS,

<005

<005
NS,
NS,
NS.

Valencia

NS,
NS,

NS.
NS.
NS,
NS.

NS,
NS,

NS,
NS.

Villreal

NS
NS,
NS,
NS
NS,
NS,
NS
NS,
NS

NS
NS,
NS
NS,
NS
NS,
NS
NS

Atitico Madrid

Ns.
p <001
Ns.
NS.
Ns.
NS,
NS.

Osasuna

NS.
NS.
NS,
NS,
NS,
NS.

Zaragoza

NS
NS
NS

NS,
NS

Lovante.

NS
NS,
NS
NS

Roal Sociedad

NS
NS
NS

Gotafe.

NS,
NS.

Mallorca

Ns.
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Team Barcalona IMadid  Valencia  Vilareal  Bibao  AteticoMadid  Osasuna  Zoragoza  Levante  RealSociedad  Getafe  Mallorca
Barcslona

Roal Macsid NS.

Vakencia Ns. NS

Viaroal Ns. NS NS,

Bibao Ns. NS, NS. NS

Atetico Madid NS. p <0001 NS. NS, NS,

Osasuna Ns. <0001 NS. NS, p<005 Ns.

zaragora NS, p<005 NS, NS, NS, NS, NS

Leante Ns. p<005 NS, NS, NS, Ns. NS NS

Real Sociedad NS, p<001 NS, NS NS, Ns. NS NS NS,

Getato Ns. p<005 NS, NS, NS, Ns. NS NS NS. Ns.

Malorca NS, NS NS, NS NS, NS, NS NS NS. NS, NS,
Horoulos NS. p<005 NS, NS NS NS. NS NS, NS. NS. NS. Ns.

N.S., no significant difference.
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Team Barcelona

p<005
<005

<0001

Real Madrid

Ns.
NS.
p<001
p <0001
p <0001
NS.

p <0001
NS,
p<001
<0001
NS.

Valencia

NS
p<005
p <0001
<001
NS
p <0001
NS
<001
p <0001
NS

Villareal

NS
p <00t
<005
NS,
<0001
NS
<005
<0001
NS

Bilbao

NS
NS
NS

<0001
NS
NS

<001
NS

Atltico Madrid

NS,
NS.
p<005
p<001
NS,
<005
£ <005

Osasuna

NS
NS
<005
NS,
<005
<005

2aragoza

<001
NS,
Ns.

<001
NS.

Lovante  Real Sociedad

<0001
NS,
NS,

<0001

p<005
<0001
NS.

Gotafe.

NS,
NS.

<0005





OPS/images/fpsyg-10-03040/fpsyg-10-03040-t007.jpg
Team

Barcelona
Real Madiid
Valencia
Villareal

Bibao

Atletico Madrid
Osasuna
Zaragoza
Levante

Real Sociedad
Getafe
Mallorca
Hercules

DLAODGL (meters)

34.19 (14.57)
37.93 (12.19)
35.48 (13.09)
36.08 (11.69)
31.45 (14.60)
30.36 (13.55)
20.72 (14.09)
33.87 (12.10)
2553 (15.81)
34.53 (11.66)
29,57 (12.81)
24.25 (13.12)
34.17 (13.69)

D (seconds)

9.60 (6.70)

840 (5.63)
10,67 (7.79)
11.97 (85)
10.72 (7.15)
1341 (8:82)
14.22 9.12)

961 (6.59)
14.05 (8.46)
13.57 (11.93)
14.51 (11.08)
12.13 (6.59)
10.84 (7.81)

DPPBND (meters)

452 4.01)
3.26 (1.45)
4.33 (2.84)
4.00 (2.57)
3.85 (1.83)
460 2.71)
5.20 (2.88)
4.99 @.77)
550 (4.00)
493 @.71)
4.99 3.14)
4.81(2.98)
4.66 (2.32)

PL (meters)

19.53 (18.11)
21.48 (1837)
16.43 (15.31)
16.60 (16.01)
19.95 (18.07)
16.99 (16.97)
19.04 (18.04)
17.23 (15.75)
19.49 (14.97)
17.91 (17.28)
21.65 (20.82)
19.08 (21.28)
18,51 (17.65)

PN

236 (1.87)
211(1.73)
258(231)
3.11(258)
278(2.25)
356 (3.02)
350 (2.65)
2.35 (1.94)
356 (2.42)
375(389)
3.48(3.44)
256 (1.61)
281(285)

DLAODGL, distance from the least advanced outfield defender to his goal line; D, duration of defensive pieces of play initated in the opposing hal; DPPBND, distance
between the player in possession of the bal to the nearest defender; PL, length of the last pass that attacking teams made when conceded possession of the ball to the
analyzed team; PN, number of passes made by attacking teams before analyzed teams gained the ball.
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Variable = Mean + SD Intra-class Pearson’s r Typical error of

correlation measurement
(Icc) (TEM)
DLAODGL 33.7 +13.9 0.98 0.97 2.19
DPPBND 44422 0.99 0.99 0.20
PL 21. 74183 0.99 0.99 0.86
PN 29424 0.99 0.99 0.19
D 11688 0.97 0.97 1.51

DLAODGL, distance from least advanced outfield defender to his goal line;
DPPBND, distance between the player in possession of the ball to the nearest
defender; PL, pass length; PN, pass number; D, duration.
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Nosscoring Scoring
Dimension N opportunity  opportunity

No offensive Offensivo.
penetration penetration

N NO NGR

Intal penetration
No penetraion 1004656 471650 491678 7200
Ponctaion B0ay 28012 HTELY 121046)
Iitial opponent pressure.

i Pressuro 117062 &0@45 6510459 13606
Nonvintl pressure w39 @2y 27648 57029)
Duration ofthe attack

0105 W78 491(541) IBETO 0ES
11208 514070 199070 310603 65(126)
21905 24142 65248 173(E55) 2608
st4s 7504 040194 119680 220126
Typo of attack

Combinave attack 61059 20068 HIELY S5BI
Oroctatack 3540190 213602 185@81) 6017
Countratack 25110 @22 BE6Y 4E@1S
Fast ttack 64R44 20702 WUSE3Y 880138
Mateh location

Auzy 910604 @Y HTETH (01
Home 910608 OREI) 501632 100(106)
Quaity of opposition

Low-arked 500069 201602 241682 58(116)
Medum anked 85470 0@0T 49@06 86O
Hghranked 475055 169054) 258643 49(103)
Match status

Losing 8192 1220841) 200667 332
Oraving 11060 47094 563639 11009
Waning awpLY 1063y 172639 50(128)

Total 1860  720(392) 938(50.4) 193(104)
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Unconditional Model Conditional Model

Intercept Mean 87 .49%** 112.56%**
Variance 555.04** 552.26™
Linear Slope Mean —6.76* —61.29**
Variance 339.66** 238.29*
Non-linear Slope Mean 0.89 12.78**
Variance 16.70% 10.70*
Model Fit ¥2(df) 12.67 (12) 21.41 (21)
TLI 0.963 0.996
CFI 0.971 0.997
RMSEA 0.036 0.021

TLI, Tucker-Lewis index; CFI, comparative fit index; RMSEA, root mean square of
approximation. *p < 0.05, **p < 0.01, ***p < 0.001.
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GLM_IZ_Cz

GLM Procedure

Class level information

Class Levels Values
Count 7 1234567
Pha 4 1234
R 6 123456
1z 16 10100 110 120 20 30 40 50 51 60 61 70 71 80 81 90
Ccz 16 10100 110 120 20 30 40 50 51 60 61 70 71 80 81 90
Fin 2 01
Number of read observations 745
Number of used observations 745
Source DF Sum of squares Mean square F-Value Pr>F
Model 167 742.239623 4.44454 2.47 <0.0001
Error 577 1037.967088 1.798903 - -
Total correct 744 1780.206711 = = =
R-square Coef Var MSE Root Count mean
0.416940 39.63577 1.341232 3.383893
Source DF Tipo I SS Mean square F-Value Pr>F
1z 15 92.3365304 6.1557687 3.42 <0.0001
Ccz 17 255.8652746 15.0508985 8.37 <0.0001
1Z*CZ 135 394.0378180 2.9187987 1.62 <0.0001
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Dimension Categories Kappa Agreement
Rival 1-Italy (groups); 2- Ireland; 3-Croatia; 4-France; 5-Portugal; 6-Italy (final) 1.00 100%
Phase 1.00 100%
1-Group; 2-Quarter-finals; 3-Semifinals; 4-Final
Move initiation zone 1Z10; 1220; 1Z230; 1240; 1250; 1260; 1Z70; 1280; 1251, 1261; 1271; 1281; 1290; 1.00 100%
1Z100; 12110; 12120; 12130
Move conclusion zone CZ10; CZ20; CZ30; CZ40; CZI50; CZ60; CZ70; CZ80; CZ51; CZ61; CZ71; 0.95 96%
Cz81; CZ90; CZ100; CZ110; CZ120; CZ130
Finish 1-No 2- Yes 1.00 100%
Start sector 1- Security sector -1Z10, 1220, 1230, 1Z40-. 1.00 100%
2- Own creation sector half —1Z50, 1260, 1270, 1Z80-.
3- Opponent creation sector half -1251, 1261, 1270, 1Z81-.
4- Finishing sector —Z90, 12100, 12110, 12120, 1Z130-.
Finish Sector 1- Security sector -CZ10, CZ20, CZ30, CZ40-. 1.00 100%
2- Own creation sector half -CZ50, CZ60, CZ70, CZ80-.
3- Opponent creation sector half -CZ51, Cz61, CZ70, CZ81-
4- Finishing sector -CZ90, CZ100, CZ110, CZ120, CZ130-.
Start corridor 1- Left side corridor 1210, 1250, 1251, 1290 1.00 100%
2- Left central corridor -1220, 1260, 1261, 12100-.
3- Right central corridor -1Z30, 1270, 1Z71, 12110
4- Right side corridor -1Z40, 1280, 1281, 12120-.
Finish corridor 1- Left side corridor -CZ10, CZ50, CZ51, CZ90-. 1.00 100%

2- Left central corridor -CZ20, CZ60, CZ61, CZ100-.
3- Right central corridor -CZ30, CZ70, CZ71, CZ110
4- Right side corridor -CZ40, CZ80, CZ81, CZ120-.
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Criteria Category

1- Rival 1-Italy (groups); 2- Ireland; 3-Croatia; 4-France;
5-Portugal; 6-Italy (final)

2- Phase 1-Groups; 2-Quarterfinals; 3-Semifinals; 4-Final

3- Match half 1-First Half; 2-Second Half; 3-Extension

4- Move initiation
zone (12)

1Z10; 1220; 1230; 1240; 1Z50; 1251; 1Z60; 1261; IZ70;
1Z71; 1280; 1Z81; 1290; 1Z2100; 12110; 12120

5- Move conclusion
zone (C2Z)

CZ10; CZ 20; CZ 30; CZ 40; CZ 50; CZ 51; CZ60; CZ
61; CZ70; CZ 71; CZ 80; CZ 81; CZ 90; CZ 100; CZ
110;CZ 120

6- Finish 1- No

2- Yes
7- Actions Numerical
8- Players Numerical

9- Start sector

1- Security Sector —1Z10, 1220, 1230, 1Z40-.

2- Own creation sector half —1Z50, 1260, 1270, 1Z80-.
3- Opponent creation sector half —1Z51, 1261, 1271,
1281-.

4- Finishing Sector 1290, 12100, 12110, 12120, 12130-.

10- Finish sector

1- Security sector -CZ10, CZ20, CZ30, CZ40-.

2- Own creation sector half -CZ50, CZ60, CZ70,
CZ80-.

3- Opponent creation sector half -CzZ51, CZ61, CZ70,
CZ81-.

4- Finishing Sector -CZ90, CZ100, CZ110, CZ120,
CZ130-.

11- Start corridor

12- Finish corridor

1- Left side corridor -1Z10, 1250, 1251, 1Z90-.

2- Left central corridor -1Z20, 1260, 1261, 12100-.
3- Right central corridor -1Z30, 1270, 1271, 1Z110-.
4- Right side corridor —1Z40, 1280, 1281, 12120-.

1- Left side corridor -CZ10, CZ50, CZ51, CZ90-.

2- Left central corridor -CZ20, CZ60, CZ61, CZ100-.
3- Right central corridor -CZ30, CZ70, CZ71, CZ110-.
4- Right side corridor -CZ40, CZ80, CZ81, CZ120-.

Source: Modified from Maneiro and Amatria (2018).
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dr Is Wn

N=T771 N =28 N =931 p.overall p.dr.ls p. dr. wn p. Is vs. wn

Half.time <0.001 0.269 <0.001 0.010
ft 581 (75.4%) 18 (64.3%) 346 (37.2%)

st 190 (24.6%) 10 (35.7%) 585 (62.8%)

Start.form 0.076 1.000 0.082 1.000
sp 229 (29.7%) 8 (28.6%) 231 (24.8%)

tr 542 (70.3%) 20 (71.4%) 700 (75.2%)

COl . 0.124 . 0.031
AA 20 (2.59%) 1 (3.57%) 7 (0.75%)

AM 11 (1.43%) 2 (7.14%) 17 (1.83%)

AR 5 (0.65%) 1(3.57%) 8 (0.86%)

MA 101 (13.1%) 4 (14.3%) 93 (9.99%)

MM 393 (51.0%) 12 (42.9%) 576 (61.9%)

MR 1(0.13%) 0 (0.00%) 1(0.11%)

PA 112 (156.7%) 6 (21.4%) 82 (8.81%)

RA 121 (15.7%) 2 (7.14%) 138 (14.8%)

RM 7 (0.91%) 0 (0.00%) 9 (0.97%)

Intention 0.830 0.965 0.965 0.965
K 260 (33.7%) 11 (39.3%) 316 (33.9%)

P 511 (66.3%) 17 (60.7%) 615 (66.1%)

MD 9.00 [1.00;16.0] 9.00 [1.00;15.0] 7.00[0.00;15.0] 0.179 0.838 0.193 0.838
MO 8.00 [4.00;13.0] 6.50 [3.00;10.0] 10.0 [6.00;15.0] <0.001 0.134 <0.001 0.010
ZC 0.003 0.489 0.007 0.201
Offensive midfield 396 (51.4%) 12 (42.9%) 548 (58.9%)

Defensive midfield 375 (48.6%) 16 (67.1%) 383 (41.1%)

Time.possession 17.0[12.0;25.0] 14.0[11.0;17.2] 18.0[12.0;26.0] 0.102 0.161 0.231 0.161
Pass 5.00 [3.00;7.00] 4.00 [2.75;6.00] 5.00 [3.00;7.00] 0.017 0.262 0.041 0.133
Move.outcome . 0.260 0.655 0.260
EA 171 (22.2%) 5 (17.9%) 189 (20.3%)

G 29 (3.76%) 4 (14.3%) 43 (4.62%)

NE 466 (60.4%) 15 (63.6%) 565 (60.7%)

T 105 (13.6%) 4 (14.3%) 134 (14.4%)
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GLM_Pha_ r_1Z CZ
GLM Procedure

Class level information

Class Levels Values
Count 7 1234567
Pha 4 1234
R 6 123456
1z 16 10100 110 120 20 30 40 50 51 60 61 70 71 80 81 90
Ccz 16 10100 110 120 20 30 40 50 51 60 61 70 71 80 81 90
Number of read observations 745
Number of used observations 745

Source DF Sum of squares Mean square F-Value Pr>F
Model 593 1492.373378 2.516650 1.32 0.0193
Error 151 287.833333 1.906181 - -
Total correct 744 1780.206711 - = =

R-square Coef Var MSE Rot Count mean

0.838315 40.80050 1.380645 3.383893
Source DF Tipo I SS Mean square F-Value Pr>F
pha 3 11.6259345 3.8753115 2.03 0.1117
R 5 35.1915127 7.0383025 3.69 0.0035
pha’r 5 27.4120714 5.4824143 2.88 0.0164
1z 15 88.0734803 5.8715654 3.08 0.0002
pha*lZ 36 80.5466934 2.2374081 117 0.2506
R* 1z 69 132.8969170 1.9260423 1.01 0.4697
pha*r*lz 59 163.9567500 2.7789280 1.46 0.0353
1674 17 194.3856203 11.4344483 6.00 <0.0001
pha*CZ 34 48.8157768 1.4357581 0.75 0.8324
R*CZ 70 126.1932656 1.8027609 0.95 0.6972
pha* R *CZ 53 102.4955448 1.9338782 1.01 0.4602
12*CzZ 119 283.7891622 2.3847829 1.25 0.0966
pha*lz*CZ 65 99.6954530 1.56337762 0.80 0.8389
R *1z*Cz 43 97.2951962 2.2626790 1.19 0.2249
pha* R *1Z*CZ 0 0.0000000 — — =
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GLM_r IZ Cz
GLM Procedure

Class level information

Class Levels Values
Count 7 1234567
Pha 4 1234
R 6 123456
1z 16 10100 110 120 20 30 40 50 51 60 61 70 71 80 81 90
Ccz 16 10100 110 120 20 30 40 50 51 60 61 70 71 80 81 90
Fin 2 01
Number of read observations 745
Number of used observations 745

Source DF Sum of squares Mean square F-Value Pr>F
Model 472 1296.709092 2.747265 155 <0.0001
Error 272 483.497619 1.777565 —~ =
Total correct 744 1780.206711 - - -

R-square Coef Var MSE Root Count mean

0.728404 39.39999 1.333253 3.383893
Source DF Tipo I SS Mean square F-Value Pr>F
R 5 40.7036506 8.1407301 4.58 0.0005
1z 15 91.3061201 6.0870747 3.42 <0.0001
R*1Z 70 153.8869358 2.1983848 1.24 0.1191
cz 17 218.0828541 12.8284032 7.22 <0.0001
R*CZ 72 121.8964568 1.6930063 0.95 0.5878
rae74 130 369.3525555 2.8411735 1.60 0.0007
R*1z*Cz 163 301.4805195 1.8495737 1.04 0.3839
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Successful plays

Unsuccessful plays

H ) n2 Clof 32 H P n2 Cl of y2
Crc
All plays 172.77 <0.001 0.12 [0.06, 0.18] 509.25 <0.001 0.37 [0.19, 0.55]
Own half 35.3 <0.001 0.03 [0.02, 0.04] 455.77 <0.001 0.39 [0.20, 0.39]
Crs
All plays 164.83 <0.001 0.12 [0.06, 0.18] 571.58 <0.001 0.42 [0.21, 0.63]
Own half 63.34 <0.001 0.05 [0.03, 0.07] 422.16 <0.001 0.36 [0.18, 0.54]
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Play outcome

GK CcDh ED CDM EM COM F
Crc
All plays
H 2516.5 30081 11691 31305 4070 2879 11747
P <0.001 <0.001 0.090 <0.001 <0.001 <0.001 <0.001
n? 0.41 0.12 0.01 0.02 0.18 0.2 0.24
Clof 12 [0.21, 0.61] [0.06, 0.18] [0.00, 0.02] [0.01, 0.03] [0.09, 0.27] [0.10, 0.30] [0.12, 0.36]
Own half
H 3522 29847.5 8710 21863.5 2844.5 3366.5 8455.5
P <0.001 <0.001 0.200 0.002 <0.001 0.002 <0.001
n2 0.17 0.02 0.01 0.02 0.21 0.04 0.23
Cl of n2 [0.09, 0.25] [0.01, 0.03] [0.00, 0.02] [0.01, 0.03] [0.11, 0.31] [0.02, 0.06] [0.12, 0.34]
Crs
All plays
H 4129 35378.5 12186 32642.5 5275 3888.5 20974.5
P <0.001 <0.001 0.230 0.005 <0.001 <0.001 <0.001
n? 0.24 0.07 0.01 0.01 0.08 0.09 0.04
Cl of 12 [0.12, 0.36] [0.04, 0.10] [0.00, 0.02] [0.00, 0.02] [0.04, 0.12] [0.05, 0.13] [0.02, 0.06]
Own half
H 3723.5 30416 8928 21868 4082.5 3685.5 16594.5
P <0.001 <0.001 0.310 0.002 <0.001 0.025 0.017
n2 0.15 0.02 0.01 0.02 0.08 0.02 0.01
Clof 12 [0.08, 0.22] [0.01, 0.03] [0.00, 0.03] [0.01, 0.03] [0.04, 0.12] [0.01, 0.03] [0.00, 0.02]
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Passing sequence Passing array Adjacency matrix

A Index Player
\ A B
B 0 A
/ A 0 1
A 1 B
\ B 1 0
2 A
C C 0 1
/ 3 C
B
4 B
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Half.time
ft

st
Start.form

Offensive midfield
Defensive midfield
Time.possession
Pass
Move.outcome
EA

G

NE

S

353 (77.8%)
101 (22.2%)

129 (28.4%)
325 (71.6%)

15 (3.30%)
9 (1.98%)
5 (1.10%)
40 (8.81%)

276 (60.8%)
2 (0.44%)
62 (13.7%)
43 (9.47%)
2 (0.44%)

183 (40.3%)
271 (59.7%)
8.00 [1.25;14.0]
7.00[2.00;12.8]

212 (46.7%)
242 (53.3%)
16.0 [11.0;22.0]
4.00 [3.00;6.00]

65 (14.3%)
3(0.66%)
325 (71.6%)
61 (13.4%)

N =740

230 (31.1%)
510 (68.9%)

217 (29.3%)
523 (70.7%)

29 (3.92%)
10 (1.35%)
1 (0.14%)
74 (10.0%)
385 (52.0%)
0 (0.00%)
89 (12.0%)
147 (19.9%)
5 (0.68%)

219 (29.6%)
521 (70.4%)
8.00 [2.00;13.0]
8.00 [3.00;13.0]

374 (50.5%)
366 (49.5%)
16.0 [12.0;28.0]
4.00 [3.00;6.00]

149 (20.1%)
7 (0.95%)
499 (67. 4%)
85 (11.5%)

31 (86.1%)
5(13.9%)

16 (44.4%)
20 (55.6%)
7.50 [3.00;19.0]
8.00 [3.75;14.0]

18 (50.0%)
18 (50.0%)
17.5[14.0,23.2]
4.00 [3.00;6.25]

5 (13.9%)
0 (0.00%)
26 (72.2%)
5 (13.9%)

p.overall

<0.001

0.933

<0.001

0.624
0.115
0.433

0.382
0.421

p.dr.ls
<0.001

1.000

0.001

0.612
0.120
0.656

0.437
0.594
0.192

p. dr. wn

0.336

1.000

0.202

0.756

0.612
0.657
1.000

0.437
0.892
1.000

p. Isvs. wn

<0.001

1.000

0.128

0.131

0.612
0.993
1.000

0.437
0.902
1.000
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Variables

1. Half.time

2. Start.form
3.
4
5

COl

. Intention
.MD

MO

7.2C

. Time.possession

. Pass

10. Move.outcome

N

1230
1230
1230
1230
1230

1230

1230
1230

1230

1230

p-value

<0.001”
0.933

<0.001"
0.624

0.115

0.433
0.382

0.421

Method

Categorical
Categorical
Categorical
Categorical

Continuous
non-normal

Continuous
non-normal

Categorical

Continuous
non-normal

Continuous
non-normal

Categorical

Selection

Final.score ==
Final.score ==
Final.score ==
Final.score ==
Final.score ==

Final.score == “

Final.score ==
Final.score ==

Final.score == *

Final.score ==

|
|
|
|

|

»

|

|

s

Significant codes: 0 *** 0.05 ™ 0.1 *’ 1.
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Criteria

Classification phase

Half time (match
part)

Start form

Interaction context

Intention

Time possession
Passes
Move outcome

Match status

Final score

Categories

Groups Round of 16 Quarterfinals Semifinals Final
First half

Second half

Transition

Set piece

AR: forward vs. delayed line

AM: forward vs. middle line

AA: forward vs. forward line

MM: middle vs. middle line

MR: middle vs. delayed line

MA: middle vs. forward line

RA: delayed vs. forward line

RM: delayed vs. middle line

PA: goalkeeper vs. forward line

Progress

Keep

Time the observed team keeps the ball in its defensive zone
Time the observed team keeps the ball in its offensive zone
Zone in which the team maintained possession the most
time

Total possession duration

Number of total passes of the team possessing the ball
Goal

Shot

Send to area

No success

Winning

Drawing

Losing

Win

Draw

Lose
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Criteria

Reception efficacy
Positive

Negative

Perfect?

Setting zone
Acceptable zone

Non- acceptable zone

Excellent zone®
Type of set
Jump set
Standing set?
Set’s area
Zone one
Zone two
Zone three
Zone six
Zone four?
Tempo of set
1 tempo

2° tempo

3° tempoP

Perfect %2

36.6
5.8

28.5
5.6

39

19.9
28.7
701
57.7

66.1
431

Non- precise %

16.5
19.2

13.4
241

12.7

12.5

13.6

16.3

10.6
9.3

OR Crude

3.332 (2.194-5.059)°

24.357 (13.433-44.164)

2.565 (1.723-3.789)

23.490 (12.145-45.433)

0.078 (0.031-0.193)

1.184 (0.658-2.133)
0.891 (0.555-1.430)
0.216 (0.125-0.373)
0.534 (0.295-0.966)

0.107 (0.067-0.171)
0.144 (0.093-0.224)

OR Adjusted

3.328 (1.791-6.184)°
4.522 (1.667-12.266)

0.825 (0.451-1.511)
2.614 (0.943-7.245)

0.361 (0.131-0.998)

0.680 (0.352-1.315)
0.789 (0.470-1.326)
0.462 (0.221-0.936)
0.951 (0.485-1.866)
0.280 (0.139-0.563)
0.260 (0.156-0.431)

P

0.000
0.003

0.534
0.065

0.049

0.252
0.371
0.039
0.884

0.000
0.000

Good %

46.9
75

58.1
70.3

48.3

67.6

57.8

21.9
26

23.3
47.6

OR Crude

2.014 (1.543-2.629)

20.299 (12.452-33.093)

3.156 (2.431-4.098)

19.449 (10.790-35.057)

0.120 (0.051-0.279)

1.817 (1.196-2.760)
1.076 (0.771-1.500)
0.167 (0.115-0.241)
0.240 (0.147-0.392)

0.068 (0.047-0.098)
0.214 (0.156-0.293)

OR Adjusted

1.027 (0.622-1.698)°
3.425 (1.5611-7.762)

2.162 (1.297-3.605)
2.694 (1.087-6.678)

0.558 (0.214~1.454)

1.043 (0.644-1.689)
0.900 (0.618-1.310)
0.664 (0.385-1.145)
0.290 (0.170-0.496)
0.174 (0.100-0.304)
0.473 (0.329-0.682)

0.916
0.003

0.003
0.032

0.233

0.864
0.582
0.141
0.000

0.000
0.000

“a” Category of references for the dependent variable. “b” Category of references for the independent variable. “c” Numbers in brackets refer to the 95% confidence interval. Bolded values are indicates “p”

significance value.
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Criteria Chi-cuadrado V de Cramer P

In game role of the serve 2.038 0.027 0.916
Serve zone 3.324 0.035 0.505
Serve type 1.874 0.037 0.397
Striking technique 0.033 0.005 0.983
Serve direction 3.934 0.038 0.415
Receiver player 3.825 0.037 0.430
Reception zone 9.173 0.058 0.164
Reception efficacy 238.827 0.295 0.000
Setting zone 204.683 0.273 0.000
Type of set 43.748 0.179 0.000
Set’s area 179.759 0.256 0.000

Tempo of set 268.034 0.313 0.000
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Sources of variation Sum of squares Degree of freedom Middle square Random Mixed Corrected % Standard error
[P] 1640.784 22 74.581 0.129 0.129 0.129 0.212 0.037
V] 559.801 13 43.062 —1.252 —1.252 —1.252 0.000 0.081
[PIV] 188.332 286 0.659 —0.135 —0.135 —0.135 0.000 0.002
[C] 16490.879 41 402.217 —2.653 —2.653 —2.653 0.000 0.360
[PI[C] 4051.253 902 4.491 —-0.132 -0.132 —-0.132 0.000 0.016
VIIC] 670621.640 533 1258.202 54.429 54.429 54.429 89.372 3.345
[PIVI[C] 74387.370 11726 6.344 6.344 6.344 6.344 10.417 0.083
Design

G indices [PIVI/[C] VIICV/IP]

G relative 0.08 0.99

G absolute 0.08 0.99
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Criteria 1° training 2° training 3° training 4° training 5° training 6° training Temporary

In-game role of the server 0.902 0.990 0.990 0.990 0.990 0.990 0.990
Serve zone 0.688 0.688 0.680 0.790 0.851 0.884 0.885
Serve type 0.900 0.980 0.980 0.990 0.990 0.990 0.989
Striking technique 0.713 0.733 0.733 0.884 0.789 0.849 0.860
Serve direction 0.710 0.720 0.780 0.800 0.867 0.880 0.885
Serve efficacy 0.875 0.921 0.421 0.521 0.789 0.790 0.800
Receiver player 0.910 0.980 0.990 0.990 0.990 0.950 0.985
Reception zone 0.670 0.670 0.740 0.785 0.788 0.920 0.920
Reception efficacy 0.897 0.870 0.799 0.805 0.805 0.810 0.880
Setting zone 0.688 0.688 0.792 0.825 0.890 0.930 0.935
Type of set 0.930 0.990 0.990 0.990 0.990 0.990 0.990
Setting technique 0.950 0.990 0.990 0.990 0.990 0.990 0.990
Setting efficacy 0.834 0.798 0.840 0.849 0.880 0.900 0.900
Set’s area 0.990 0.990 0.990 0.890 0.930 0.990 0.990

Set tempo 0.759 0.759 0.759 0.756 0.825 0.881 0.880
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Variables

1. Half.time
2. Start.form
3. COl

4. Intention
5. MD

6. MO

7.2C
. Time.possession

@

9. Pass

10. Move.outcome

N

1730
1730
1730
1730
1730

1730

1730
1730

1730

1730

p-value

<0.001**
0.076

0.830
0.179

<0.001**

0.003**
0.102

0.017*

Method

Categorical
Categorical
Categorical
Categorical

Continuous
non-normal

Continuous
non-normal

Categorical

Continuous
non-normal

Continuous
non-normal

Categorical

Selection
Final.score == “w”

oy

Final.score == “w

Final.score == “w

oy

Final.score == “w

oy

Final.score == “w

oy

Final.score == “w

oy

Final.score == “w

oy

Final.score == “w

[

Final.score == “w

oy

Final.score == “w

Significant codes: 0 *** 0.05 ™ 0.1 *’ 1.
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Close M(SD)

Lost
GK DP (%) 3.10(1.77)
DC (%) 5.33(2.56)
ED DP (%) 9.93(2.93)
DC (%) 9.25(3.01)
CD DP (%) 10.58(3.99)
DC (%) 11.81(4.18)
DMF DP (%) 11.63(2.67)
DC (%) 13.23(3.29)
MF DP (%) 9.90(3.49)
DC (%) 9.63(3.64)
W DP (%) 8.83(3.06)
DC (%) 6.64(2.76)
FW DP (%) 6.27(3.22)
DC (%) 4.77(2.96)
Won
GK DP (%) 3.26(1.15)
DC (%) 5.79(2.13)
ED DP (%) 9.16(2.94)
DC (%) 8.56(2.78)
CD DP (%) 11.11(3.35)
DC (%) 12.65(3.32)
DMF DP (%) 12.65(3.29)
DC (%) 13.71(3.34)
MF DP (%) 10.29(3.28)
DC (%) 10.34(3.42)
W DP (%) 8.23(2.51)
DC (%) 6.33(2.81)
FW DP (%) 6.54(3.01)
DC (%) 4.45(2.18)

Unbalanced M(SD)

3.24(1.85)
5.67(2.48)
10.92(4.14)
9.70(3.60)
10.09(3.75)
11.31(3.58)
11.70(3.61)
13.23(3.96)
10.80(2.74)
11.30(3.41)
8.32(2.85)
6.77(3.01)
6.18(2.84)
4.46(2.01)

3.31(1.68)
6.07(2.93)
9.54(3.50)
8.87(3.93)
9.71(3.53)
11.06(3.71)
10.37(3.31)
11.20(3.72)
10.94(2.64)
10.62(3.21)
9.71(3.28)
8.34(3.53)
7.88(4.27)
5.74(2.82)

Dif (C-U)

—0.14
—0.34
—0.99
—0.46
0.49
0.49
—0.08
—0.01
—0.90
—1.68
0.51
—0.13
0.09
0.31

—0.05
—0.28
—0.38
—0.32

1.40

1.59

2.28

2.51
—0.65
—0.28
—1.48
-2.01
—1.34
—-1.30

p-value ES
0.785 —0.078
0.634 —0.135
0.158 —0.287
0.488 —0.138
0.508 0.126
0.512 0.127
0.923 —0.023
0.993 0.001
0.227 —0.283
0.046* —0.472
0.414 0.172
0.824 —0.045
0.908 0.029
0.637 0.119
0.894 —0.036
0.682 -0.114
0.552 —0.120
0.631 —0.096
0.028 0.409
0.014 0.458
0.006 0.691*
0.004 0.715*
0.377 —0.211
0.722 —0.084
0.014 —0.526
0.002 —0.650*
0.120 —0.374
0.030* —0.524

Magnitude

Trivial
Trivial
Small
Trivial
Trivial
Trivial
Trivial
Trivial
Small
Small
Trivial
Trivial
Trivial
Trivial

Trivial
Trivial
Trivial
Trivial
Small
Small
Moderate
Moderate
Small
Trivial
Small
Moderate
Small
Small

Close (C): close scores (difference of goals equal to 1); Unbalanced (U): unbalanced scores (difference of goals > 2); Dif (B-U): difference of the means (B-U); ES: effect
size using the Cohen (d); *Significant at p-value < 0.05 and moderate effect size.
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