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The aim of this study was to understand how training and playing conditions during the COVID-19 pandemic affected the performance of Euroleague Basketball players. Using a non-participant observation analysis, the study compared the seasons before the lockdown (2018–2019 and 2019–2020; pre-pandemic) with the season after restart (2020–2021; pandemic). Paired t-tests and Wilcoxon tests were applied for variables with normal and non-normal distributions, respectively. The results revealed significant changes (p < 0.05) in several offensive and defensive performance-related variables during pandemic times (without attendance): free throw attempts, free throw percentage, turnovers, three-point attempt rate, fouls (small effect sizes, ESs), points, and possessions (trivial ES). The pre-pandemic HA (70%) significantly decreased after the lockdown, with games played with no crowd (∼51%; p = 0.018, large ES). The one-sample t-test showed that the HA after the COVID-19 interruption was not significantly greater than 50%, indicating that the HA did not endure during the pandemic condition. Although significant differences between home and away teams were found for most performance-related variables (excepting turnovers) in both pre-pandemic and pandemic conditions, variations of the relative HA were only significant for free throw attempts (large ES), points (medium ES), and turnovers (medium ES). The results of this study showed that performance variables were affected by the COVID-19 lockdown. Thus, these findings may help coaches, players, and referees to counteract unwanted competitive events and improve their overall performance, regardless of the contextual/situational circumstances encountered.
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Introduction

The COVID-19 pandemic posed a particular threat to human health and life, and the spread of its causative agent coronavirus 2 (SARS-CoV-2) was extremely aggressive (Harrison et al., 2020). To protect players from COVID-19, the National Basketball Association (NBA) resumed the competition nearly 5 months later, with the top 22 teams isolated together in a so-called “bubble” (McHill and Chinoy, 2020; Price and Yan, 2021). Other competitions, such as the Euroleague Basketball (EB), decided the competition by six regular championship matches, the playoffs, and the final four competition. In order to limit contagion, some organizations limited the presence of the public and the games were played in specific arenas, allowing only the presence of players and essential staff (Higgs and Stavness, 2021). To restart a new season, a protocol of restrictions was subsequently introduced to maximize the health and safety of players, coaches, and referees (Euroleague, 2021). One of the specific requirements for the competition was physical distancing, regular testing, and adaptation of regional rules in restricting spectators. The experience of playing without spectators is a new and unexplored phenomenon, which created the unique conditions to evaluate the effect of the hosts’ matches (Higgs and Stavness, 2021; Bourdas et al., 2022). The home advantage (HA) phenomenon has been widely explored and is considered a key factor to the game outcome in both individual and team sports, including basketball (Pollard and Gomez, 2013). Previous research established that home teams (63.8%) tend to win more on average, than away teams (50.8%) (Higgs and Stavness, 2021). This was explained by the regional peculiarities of basketball leagues (Gomez and Pollard, 2011), the size of the supporting crowd (Wunderlich et al., 2021), the psychological effect of expectations, and the tactical behavior of the team (Pollard and Gomez, 2013; Price and Yan, 2021). Analysis on the impact of the COVID-19 pandemic on HA in different European professional basketball leagues showed that low-level teams benefited more from playing at their home court (Alonso et al., 2022). Nevill and Holder (1999) proposed that the crowd is able to influence the officials to subconsciously favor the home team. It has also been investigated that in the context of the COVID-19 pandemic, the absence of crowds in soccer has erased HA in the Bundesliga, reduced HA in Bundesliga 2 regarding the performance level, and increased the neutrality of refereeing decisions when giving yellow cards (Link and Anzer, 2022). The EB competition stands out as the strongest basketball league in Europe, and its player game-related perception characteristics are close to those of NBA players (Paulauskas et al., 2018). Studies established that the EB game outcome is influenced by technical statistical variables of box score (Mikolajec et al., 2021) and tactical aspects through the parameters of advanced statistics (Mandic et al., 2019). As such, it is important to understand how crowds can affect this specific context and the final outcome.

Due to the different aims, both offensive and defensive game situations must be quantified to characterize game performance. These game performance parameters may be affected as result of the absence of crowd, which may impact players’ performance, coaches’ strategy, or referees’ decisions (Gonçalves et al., 2021). As far as we know, the effect of empty crowd games on EB is little investigated. In addition, it is unclear how the absence of attendance will affect some performance indicators such as free throws attempts, fouls committed, fouls received, and technical fouls. Thus, a better understanding of the HA may emerge from inspecting the EB players’ performance both before and after the lockdown. Accordingly, utilizing the unique context of the 2019/2020–2020/2021 EB seasons, coaches and analysts might use this evidence to counteract unusual training circumstances, and it will allow officials to perceive and decrease the decision bias created by the home crowd. Therefore, this study aimed to understand how COVID-19 training and playing conditions affected EB players’ in-game performance. Based on previous and current studies investigating the effects of the COVID-19 pandemic on basketball, we hypothesized that (1) unusual season break during lockdown had a detrimental effect on game performance in EB games and (2) the absence of crowd decreased HA in competition.



Materials and methods


Subjects

This study used a non-participant observational analysis aiming to compare two different conditions, pre-pandemic in 2018–2019 and 2019–2020 seasons with audience, and the pandemic effect in the 2020–2021 season with no audience. The sample comprised 492 games contested during the pre-pandemic period (16 teams in season 2018–2019 and 18 teams in season 2019–2020), and 306 games played after the lockdown, during pandemic times (18 teams in season 2020–2021). Pandemic matches with a limited or unlimited number of spectators were excluded, namely, all the matches with Russian teams. As this study provides open-access data and does not relate to breaches of confidentiality and the use of personally identifiable information, a special approval for this study from an ethics committee was not required but was performed in accordance with the ethical requirements of the journal.



Experimental procedure design

Data concerning player profiles and game performance were obtained from the official EB website,1 which is consensually considered reliable (Sampaio et al., 2015). The collected variables included match performance (MP) profiles (Table 1) such as points, free throws attempted (FTA), three-point percentage (3P%), two-point percentage (2P%), tree throw percentage (FT%), offensive rebounds (OR), turnovers (TO), blocks, steals, fouls, and technical fouls (TF).


TABLE 1    Performance-related variables.
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Calculations on a data set representing advanced basketball statistics were also used as performance indicators. To create our data set, we performed a different calculation using the following equations (Oliver, 2004; Kubatko et al., 2007): Offensive rating (Off R) = (points scored/possessions) * 100, Fouls received rate (Frv) = fouls received/possessions, Three-point attempt rate (3PaR) = 3P attempted/field goals attempted, and Possessions (Poss) = plays-OR.

The analysis of MP was developed per match accumulated for both teams comparing Pre-pandemic and Pandemic seasons (Table 2). HA was calculated using HA and Relative Home Advantage (RHA) for both teams comparing Pre-pandemic and Pandemic seasons for each performance variable. The absolute HA was expressed as the number of home wins as a percentage of the total number of games won both at home and away: HA = [(number of home wins/number of home and away wins) * 100] (Pollard and Gomez, 2007). The RHA gives the difference between home and away MP indicators expressed as a percentage of the number of MP indicators performed away: RHA = [(Home MP − Away MP)/Away MP] * 100 (Matos et al., 2020).


TABLE 2    Home advantage (HA) in pre-pandemic and pandemic seasons.
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Statistical analysis

Descriptive analysis (means and standard deviation) was performed. All data were assessed for assumptions of normality using the Shapiro–Wilk test. Due to the existence of normal and non-normal data distribution, the differences between MP and HA variables that followed a normal distribution (points, Off R, FTA, 3P%, 2P%, FT%, TO, 3PaR, and Poss for MP indicators; points, Off R, FTA, 3P%, 2P%, FT%, TO, FRv, 3PaR, OR, blocks, steals, fouls, and TF for HA variables) were assessed using paired t-tests, while the variables that did not meet normality criteria (FRv, OR, blocks, steals, fouls, and TF for MP indicators, while Poss for HA variables) were analyzed using the Wilcoxon test. The mean differences of HA between the pre- and post-pandemic conditions were analyzed using the Wilcoxon test as the data did not meet normality. In addition, to understand whether the HA existed before and endured after the pandemic, one-sample t-tests were applied comparing the observed HA with a null value of 50%, indicating no HA.

Complementarily, effect sizes (ESs) for the variables following a normal distribution were analyzed according to Cohen’s d using the following thresholds: small (0.2), medium (0.5), and large (0.8), while for the variables that did not show a normal distribution, the ES was calculated by subtracting the average values and dividing the result by the combined standard deviation converted to the following r values: small (0.10), medium (0.30), and (0.50) (large) (Cohen, 1992). The alpha level for all statistical tests was set a priori at α = 0.05, and calculations were carried out using SPSS software (IBM Corp., Released 2016. IBM SPSS Statistics for Windows, version 24.0. Armonk, NY: IBM Corp.).




Results

The results of MP are presented in Table 3. We found differences between the pre-pandemic and pandemic performance variables, describing changes in offensive and defensive behaviors on the court: points (t = 1.97, p = 0.05, trivial ES), FTA (w = 26,947, p = <0.001, small ES), FT% (t = −4.92, p = <0.001, small ES), TO (t = −5.56, p = <0.001, small ES), 3PaR (t = −3.91, p = <0.001, small ES), fouls (w = 26,308, p = 0.009, small ES), and Poss (t = 2.47, p = 0.014, trivial ES).


TABLE 3    Comparison of match performance between pre-pandemic and pandemic seasons.
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Figure 1 illustrates the HA in the change of match outcomes in pre-pandemic (regular attendance) and pandemic (absence of crowd) seasons, showing significant differences between samples pre-pandemic (HA = 70%) and pandemic (HA = ∼51%; W = 142, p = 0.018; large ES), suggesting a decrease in the HA under the pandemic condition. When analyzing the HA with a null value of 50%, results revealed a significant difference for the pre-pandemic condition (t = 5.76, p < 0.001, large ES), yet the difference was non-significant for the pandemic condition (t = 0.159, p = 0.875, trivial ES), suggesting that the HA existed before the lockdown, but it disappeared after the return to play.
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FIGURE 1
Analysis of home advantage (HA) according to the pre-pandemic and pandemic conditions.


Relative HA values for each performance indicator are presented in Table 2. Overall, there were statistical differences between home and away teams in pre-pandemic and pandemic conditions for all performance-related variables (p < 0.001), except TO in the pre-pandemic condition; however, variations of the relative HA were only significant for free throw attempts (t = 3.562, p = 0.002; large ES), points (t = 2.157, p = 0.045; medium ES), and turnovers (t = −2.517, p = 0.022; medium ES).



Discussion

This study aimed to understand how the COVID-19 lockdown affected EB players’ in-game performance and HA. The main results revealed that the COVID-19 pandemic had a twofold effect: (1) an unusual break with its own duration and limitations before season affected MP in the pandemic EB season, and (2) EB games without crowd established a significant shift in the distribution of match outcome, annulling the HA in the tournament.


Performance change during the pandemic

This study shows that the average number of points, possessions, fouls, and the number of FTA scored by all teams decreased, while the number of steals, TO, 3PT%, and FT% increased during the pandemic season compared to the pre-pandemic season. Previous research has shown that pandemic confinement has a composite effect on an athlete’s detraining (Bisciotti et al., 2020). This can be attributed to partial or complete loss of previous physiological adaptation to physical exertion (Rodriguez-Fernandez et al., 2018), changes of body mass and composition, a loss of efficiency of neuromuscular and cardiovascular systems, and, consequently, a loss in strength, speed, flexibility, and endurance and an increase of the risk of injury (Bosquet et al., 2013). Sousa et al. (2019) argued that a few weeks of inactivity or lower level activity are sufficient for the decline of physiological capabilities, unless specific programs of training are carried out. In general, interruptions in the training process due to injuries, or other factors, are an ordinary occurrence for single athletes. However, 41 weeks without an official competition for high-performance basketball teams is an unprecedented case in sports practice. Physical fitness seems to be important factor for the decrease in points and FTA during the pandemic season. Despite the small effect size, these two variables have been shown to be important for match outcome and team quality (Kozar et al., 1994; Lorenzo et al., 2010), highlighting the importance that coaches may give to its training. Similarly, in the training environment, coaches apply several boundary conditions to promote the emergence of collective behavior and coordination patterns, considering players’ interaction with teammates and opponents, manipulating technical and tactical-related variables (Ric et al., 2016). Considering that technical performance and tactical behavior are learned and refined not only in competition but also in a training environment, it is possible that the interruption may have contributed to the loss of some collective behavioral trends, leading to the decrease in some performance variables during the pandemic.

Previous studies noted a combination of technical, tactical abilities, and a high degree of physical fitness on optimal performance in basketball (Ziv and Lidor, 2009; Mancha-Triguero et al., 2019). On the other hand, available reports have shown that following COVID, players may require more time to recover from both training sessions and matches (Bourdas et al., 2021). Under fatigue, players are likely to adopt more individual and 1 vs. 1 situations and less collective behaviors (Kunrath et al., 2020), which may help justify the increase in TO in the pandemic. In addition, players’ decision-making results from their ability to perceive the position of teammates, opponents, the ball position, and the target location (Mateus et al., 2019). However, the ability to perceive the relevant information from the environment seems to be affected under periods of mental fatigue, which seems to emerge more often following the COVID lockdown (Lorenzo Calvo et al., 2021), contributing to an increase in the number of TO (Cao et al., 2022). On the other hand, previous research has shown that home crowds increase the chance of winning home games, supported by psychological factors such as team identity or territorial defense mechanisms (Alonso et al., 2022). In this study, fouls presented lower values in the pandemic. Despite available data with the total number of several performance indicators, a better ecological understanding of how behaviors flow between teams during performance is needed. Thus, the results can be explained both by the behavior of the players’ roles in the team strategy and by the referee’s bias and should be treated with caution. However, and based on previous evidence (Wunderlich et al., 2021), referee bias appears to be the most viable explanation for teams being sanctioned more in the presence of spectators.

There is evidence that quality of offensive plays allowed a better process of perception, decision-making, execution, and best performance by players (Gomez et al., 2008). In fact, cognitive factors including past experience, motivation, and development largely contribute to this process (Wu et al., 2013). Therefore, the results of performance such as 3P%, 2P%, and FRv rates showed no such differences between pre-pandemic and pandemic seasons, suggesting similarity in these technical and tactical variables.

The lack of seasonal rhythm, unfavorable periodization, or psychological stress can be attributed to a change in tactics, or physical or technical abilities. A significant difference in performance may also be related with environmental factors (empty arenas) and a change in referee bias (due to the absence of home crowd) (Link and Anzer, 2022). Since this observational study cannot conclusively clarify the underlying reasons, causes, or mechanisms of performance change between time periods, our suggestions may be speculative to some extent.



Impact of home advantage on match performance

While the HA during the pre-pandemic condition was set at ∼70%, this value decreased for ∼51% during the pandemic condition. These results suggest that the absence of crowd influences the HA, contributing to its reduction. Similar findings have been found by a study comparing the COVID-19 effect in the HA in five European basketball leagues (i.e., Spanish Liga ACB, German Bundesliga, Italian Lega Basket Serie A, A1 Ethniki Greek League and the Israeli Basketball Super League) (Alonso et al., 2022). The authors have found a decrease in the HA, and these results were consistent independently of the team ability level (i.e., low, medium, or high). The crowd support has been found as an important and contributor factor for home team performance (Leota et al., 2021; Ehrlich and Potter, 2022). Despite that, available literature on the impact of the number of spectators, occupancy rate, and noise levels on HA has yielded controversial results. While some studies showed that the HA did not completely disappear in empty stadiums (Wunderlich et al., 2021), other research on the influence of absolute spectator numbers (Moore and Brylinsky, 1993), stadium occupancy (Agnew and Carron, 1994), or noise levels (Salminen, 1993) have shown that spectators do not directly (or only to a very limited extent) take effect on the HA. More recently, studies showed that in certain leagues, the HA totally disappeared in home games without spectators (Fischer and Haucap, 2020), while others presented a lesser HA magnitude (Sors et al., 2022). However, when considering the basketball game, the crowd support seems to have an important effect on team performance. For example, previous reports have shown the importance of crowd support in the effort developed by the players to win rebounds (Leota et al., 2021). Offensive rebounding has been shown to be an important performance indicator for team success (Csataljay et al., 2012). In this study, the teams performed less OR after the pandemic situation than in the pre-pandemic situation. The lower number of offensive R may have contributed to the lower number of points during the pandemic situation. In addition, the absence of crowd also seems to negatively affect FTA and blocks.

The results from this study seem to suggest that indicators such as FRv rate, Off R, blocks, fouls, and TF showed small decreases (i.e., ES values) during the EB pandemic season. Fouls and TF are infractions of the rules penalized and interpreted by referees. In EB matches with spectators, home teams received less fouls and TF (disciplinary sanction) than in matches without audience. Also, in the presence of crowd, home teams were able to execute more offensive actions than visiting teams. These results about disciplinary sanctions are in line with previous studies on soccer (Link and Anzer, 2022). The difference in disciplinary sanctions disappears or is even slightly reversed when the crowd is absent, which supports the idea that the spectator presence is likely to be the only or predominant reason for biased referee behavior (Wunderlich et al., 2021). More equal treatment of fouls when played in the absence of spectators could lead to a loss of HA in blocks and off rebounds. During shot blocking, the defender is not allowed to make contact with the offensive player’s hand, and during the offensive rebound, contact tolerance limits are set by referees, who decide to indicate a foul or not. An experimental study proved that referees use crowd noise as a cue to evaluate the severity of fouls (Unkelbach and Memmert, 2010).

Apart from the fouls and TF, the crowd also seems to impact the team rebound behavior. In this study, we found a decrease in the OR from the pre-pandemic to pandemic season. A previous report also showed a decrease in the number of rebounds when playing without fans compared to those in the games with spectators as it seems that the crowd amplifies players’ effort to rebound the basketball (Leota et al., 2021).

In addition, this study showed that in the absence of spectators, home teams increased the FT% compared to away teams. The large effect found in this variable and its importance on the final match outcome (Csataljay et al., 2009) suggests that it is an important factor to be considered when analyzing HA. Waters and Lovelll (2002) found that psychological effect of expectation is based on the idea that players, coaches, fans, referees, and media are well aware of the phenomenon of the HA, and different expectations of the players at home and away matches could have a self-enforcing (increased HA) or self-locking (decreased HA) effect. The improved FT% in home games without spectators supports the claim that the players have significantly higher perceptions of the team’s confidence at home games (Waters and Lovelll, 2002). At the same time, the probability remains that away teams may have been less affected by external pressure in this context and then performed better than home teams (Tilp and Thaller, 2020).

During the pandemic season, the HA has significantly decreased, resulting in an increased relative HA in points (medium effect) and FTA (large effect) and an increase in TO (medium effect). According to available research (Figueira et al., 2022), free throws and turnovers were considered the most discriminatory variables between winning and losing teams. In the game, complex collective behaviors emerge as dynamic space–time interactions between players unfold (McGarry, 2009). Thus, it is difficult to attribute a cause–effect relationship between the presence of an audience or not. However, previous reports (Pojskić et al., 2011) have shown that under attendance pressure, home players are more careful, which may indicate a greater tendency to take more risks in the absence of crowds. On the other hand, the fact that home teams with higher free throw levels have a larger HA (Harris and Roebber, 2019) seems to support the present results.

Overall, this study provided important practical applications for coaches. Thus, understanding the influence of attendance on the final result of the game can help coaches formulate strategies to improve the overall performance, regardless of the contextual/situational circumstances encountered, such as the training of cognitive-emotional regulation during home and away games, the game strategy (substitutions and specific time-outs), or the stimulation of players’ territoriality. Nevertheless, some limitations may be acknowledged. For example, this study has only addressed the HA effect, while players’ performance is also affected by other contextual variables, such as match status, game period, or quality of the opposition that may impact the presented results. Thus, future studies should use multivariate statistical treatment, which allows controlling the effect of important variables such as team ability, physical conditioning data, or stadium occupancy rate. In addition, apart from the technical performance, a more holistic understanding of the changes of players’ performance may be achieved when analyzing the players’ tactical and physical performance. Lastly, most of the studies inspecting the effect of the COVID lockdown has been performed in male athletes, and thus, future studies should also analyze female competitions.



Conclusion

The COVID-19 pandemic has affected the basketball EB games in terms of MP and HA. We found that most performance results had significantly diminished after restarting the competition. The lack of seasonal rhythm, unfavorable periodization, or psychological stress could be attributed to a change in tactics, or physical or technical abilities. In addition, several performance-related variables changed in games played without spectators (e.g., FTA, FT%, TO, 3PaR, fouls, and Poss), contributing to the fading of the HA effect during the pandemic season.
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