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In competitive sports, momentum encompasses positive or negative changes in cognition, physiology, emotions, and behavior caused by sudden or a series of continuous events. Momentum occurring during basketball games leads to significant performance variation regarding positive net points differences for a specific team within a certain period. This study designed a quantitative framework based on two performative dimensions (time constraints and point differentials) to accurately identify momentum in basketball games, and explored the role of momentum in games. We identified 2,083 momentum occurrences in 372 professional elite basketball games. The number of momentum occurrences for winning teams is significantly higher than for losing teams (1.78 ± 0.47 Difference Value, p < 0.001); the correlation between momentum and game outcomes decreased as each quarter progressed. To distinguish the influence of contextual variables on momentum, we divided games into five types based on the team quality differences between the team and the opponent team. The decision tree model shows that first-quarter momentum is critical in games where weaker teams defeat stronger teams. This study provides insights for basketball coaches to formulate game strategies. More importantly, the momentum conceptual framework can help researchers identify and capture momentum, offering inspiration and reference for subsequent research.
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1 Introduction

In competitive sports, the factors of winning have always been the focus of sports science. Previous studies have not only updated and enhanced our understanding of the fundamental rules of competitive sports from a theoretical perspective, but have also provided practical decision-making advice and training guidance for coaches and athletes. Basketball, a team sport involving on-court confrontation, is influenced by multiple factors affecting the game results (Brand et al., 2006; Gómez et al., 2008, 2011; Mikołajec et al., 2021). To comprehensively analyze the complex structure behind basketball game results, we need to consider the overall performance of both teams from both the offensive and defensive perspectives. Scoring and conceding points, as the most direct indicators of offensive and defensive effectiveness, are not only the final outcomes of all tactical performances but also the focus of competition between the two teams. However, scoring behavior is a dynamic, random, and non-linear complex process, with the frequency of scoring and the probability of consecutive scores being even more difficult to predict (Gabel and Redner, 2012; De Saá Guerra et al., 2013). Many researchers have attempted to understand the relationship between sports performance and game results by investigating the relationship between scoring and game context or by combining other performance indicators (Bar-Eli and Tractinsky, 2000; Sampaio et al., 2010b; Gómez et al., 2011, 2019).

Momentum is a scoring-related phenomenon in competitions; it is widely discussed by researchers with various definitions. Its manifestations in games include the “hot hand effect” (Gilovich et al., 1985; Koehler and Conley, 2003) and “winning streaks” (Salaga and Brown, 2018; Munoz et al., 2019). These different manifestations are based on various research subjects, focusing on different aspects, but they all share one common conclusion: momentum can alter individual and collective behavior. For example, the hot hand effect can influence players’ shot selection and coaches’ substitution strategies (Attali, 2013), and enhance athletes’ game performance (Zhao and Zhang, 2023). Further, scoring streaks can make athletes more positive, thereby improving their performance (Palmer et al., 2022). This evidence appears to prove one conclusion: in sports competition, success leads to further success. Momentum is a widespread phenomenon in sports competitions, but observed anomalous performances lack a unified concept or research framework. Even random processes like coin tossing can occasionally exhibit long winning streaks. Therefore, the anomalous performance of athletes or teams may also represent pure statistical probability (Bar-Eli et al., 2006; O’Donoghue and Brown, 2009).

The theoretical concept of momentum can be traced back to Adler’s serial conceptual model involving social action, where the sequential activation of motivation, emotion, and physiological arousal aims to enhance performance (Adler, 1981). Based on this theory, researchers in the field of sports psychology have internalized momentum as a psychological force that changes behavior and performance (Iso-Ahola and Blanchard, 1986; Taylor and Demick, 1994; Iso-Ahola and Dotson, 2016). Momentum is also viewed as a mediating phenomenon explaining the relationship between early success and subsequent success; it is a composite process and complex phenomenon involving psychological, physiological, and behavioral variables (Briki, 2017). Although momentum is the focus of several sociological and psychological studies, it also faces some skepticism, it is considered helpful for task completion but does not necessarily affect game outcomes (Gilovich et al., 1985; Koehler and Conley, 2003; Bar-Eli et al., 2006).

Whether in the field of sports performance or sports psychology, analyzing the role of momentum in achieving victory in sports competitions requires the ability to accurately capture momentum in games. Researchers have found that momentum is a concept that is difficult to quantify, and its ambiguous nature makes it challenging to accurately identify momentum in live games or game data (Moesch et al., 2014; Briki, 2017). Moreover, a controversy exists as to whether momentum is real or an illusion (Cotterill, 2012). Researchers have attempted to capture momentum through surveys and interviews with individual players and coaches, subjective feelings, and by observing game videos (Vallerand et al., 1988; Mace et al., 1992; Burke et al., 1997; Moesch and Apitzsch, 2012; Moesch et al., 2014). However, the fast-paced and ever-changing nature of basketball games makes it difficult to determine whether a team’s offensive or defensive performance has improved in short-term (Gómez et al., 2011). The statistical analysis of the sequence of game events is more objective and accurate (Mortimer and Burt, 2014; Csapo et al., 2015). Hence, this study used a quantitative formula constrained by time and score trends to accurately identify and capture momentum in basketball games. Then, we explored the relationship between momentum and basketball game outcomes and its role in different types of games. The formula used has been applied to study the short-term score difference variations between home and away teams (Chen and Fan, 2018). In this formula, [image: image] represents the point differential between the home team and away team at time [image: image], [image: image] represents the increment of time, [image: image] represents the point differential between both teams at time [image: image], and [image: image] represents the threshold value for momentum:
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2 Methods


2.1 Research sample

The research sample consists of all regular season games of the 2021–2022 CBA season. After excluding playoff and overtime games, there are 372 valid games. The full game event data are obtained from public data provided by Beitai Tech to the CBA official website.1 This study used Python 3.0 (Python Software Foundation, version 3.0), a web scraping technology, to collect play-by-play event data for these 372 games and extract samples that met the criteria.

In the sports performance field, researchers have recognized the importance of three consecutive events for winning streaks and the hot hand effect (Carlson and Shu, 2007; Csapo et al., 2015). Therefore, this study posits that when setting the time constraints and score difference range for momentum, at least three complete offensive and defensive possessions should be included. In the 2021–2022 season of Chinese Basketball Association (CBA) games, the average duration of a complete offensive and defensive possession is about 32 s (data from CBA official website: https://www.cbaleague.com), and the average score per scoring possession is 2.1 points (data from Synergy: https://synergysports.com). Therefore, the minimum requirement for triggering momentum is achieving a net score difference of +6 points within 96 s. The net score is used because when discussing how momentum affects a game, one should not only consider a team’s score, but also the differences in offensive and defensive performance between both teams (Burke et al., 2003). The net score can intuitively reflect the results of the competition between both teams over time. Additionally, to explore the impact of momentum on game outcomes reasonably based on the researchers’ theory of “early success breeds later success,” we believe that when cross-momentum occurs (for individual team evaluations), the appearance of the first momentum leads to subsequent changes in competitive momentum (Adler, 1981; Richardson et al., 1988; Iso-Ahola and Dotson, 2014). For example, in Figure 1, there are two lines, “Momentum A” and “Momentum B” (Both from the same team), which fit the definition of momentum. We selected the first-initiated “Momentum A” as our sample and deleted “Momentum B.”

[image: Figure 1]

FIGURE 1
 Cross momentum sketch map.




2.2 Reliability and validity of data

To determine the validity of the data from the CBA official website, four experienced basketball video analysts (all full-time video analysts for CBA teams) observed 20 randomly selected games, recording the game events and corresponding times for each game. Using the intraclass correlation coefficient to compare the recorded data with the CBA official website data, a high level of consistency was found (ICC = 0.97).



2.3 Statistical analysis

This study first conducted a descriptive analysis of the distribution of momentum in each quarter and the total number for the whole game, distinguishing between the winning and losing teams. Subsequently, a paired-sample Wilcoxon signed-rank test was used to determine if there were significant differences in the number of momentum occurrences between the two teams in each quarter. To observe the causes of momentum, the events of the first offensive and defensive possession when each momentum situation occurred were collected. A random forest was used to assess the importance of events to momentum strength. The significance level was set at p < 0.05.

To distinguish the game type, we first classified the 20 teams based on their winning rates (2021–2022 CBA regular season) using k-means clustering analysis (Sampaio et al., 2010a), with the elbow method was used to determine the optimal number of clusters. According to this analysis, team quality was automatically divided into three clusters, namely, the high winning rate teams as the Stronger Team, the medium winning rate teams as the Intermediate Team, and the low winning rate teams as the Weaker Team. Subsequently, the match between team quality and opponent team quality was used to determine the game type (Evenly Matched, Small Advantage/Disadvantage, Large Advantage/Disadvantage). In sports performance, distinguishing game type scenarios is a crucial step, as scenario variables can directly or indirectly affect the activities of teams and players (McGarry et al., 2013; O’Donoghue, 2014; Rein and Memmert, 2016; Gómez-Ruano, 2018). There are inherent differences in competitive strength due to differences in lineup strength and technical and tactical levels between the two teams in a basketball game. This difference is reflected not only in the game results but also in the game process. Hence, the game type scenario variable was controlled to distinguish the impact of these differences on the game.

The Kruskal–Wallis test was used to evaluate the differences in the number of momentum situations across five game types. Spearman’s correlation coefficient was used to analyze the correlation between momentum and game outcomes in each quarter; the thresholds for weak, moderate, strong, and very strong correlations were defined as 0–0.3, 0.3–0.5, 0.5–0.7, and ≥0.7, respectively. Decision tree models have been widely applied in sports performance analysis (Young et al., 2020; Matulaitis and Bietkis, 2021; Serna et al., 2021; Jetzke and Winter, 2022). In this study, the CHAID decision tree classification model helped distinguish the role of momentum in different game types and quarters. To run the CHAID decision tree classification model, the game outcomes were used as the dependent variable, and the number and its difference values of momentum were used as independent variables. The training and validation sets accounted for 80 and 20% of the sample, respectively. The maximum depth of the model was set to five levels, and the model was validated using cross-validation.

Statistical analyses were performed using Python (Python Software Foundation, version 3.0) and IBM SPSS software (version 25.0; SPSS Inc., Chicago, IL, United States).




3 Results


3.1 Data identification results

In the 2021–2022 CBA regular season, 2,083 valid momentum samples were obtained (no crossover of momentum event sequences between the two teams was found). Each sample contained a complete event sequence from the start event to the end event. Additionally, for the completeness of the study, the quarter and time of each event were extracted.



3.2 Statistical analysis results

Table 1 presents the descriptive statistics and paired-sample Wilcoxon signed-rank test results for the 2,083 samples from 372 games. The average number of momentum scenarios during the four quarters and overall momentum are both significantly higher for the winning team than for the losing team. From the first to the fourth quarter, the average momentum difference value between the winning and losing teams gradually decreased.



TABLE 1 Descriptive statistics and paired-sample Wilcoxon signed-rank test results.
[image: Table1]

Table 2 presents the results of the random forest analysis. Free throw scouring has relatively high importance, followed by the opponent’s two-point shots made and the opponent’s turnovers.



TABLE 2 Random forest analysis results.
[image: Table2]

Winning rate was used to determine team quality. Clustering analysis divided the 20 teams into three categories: Stronger Team (Cluster 2, n = 6, high winning rate = 75.0% ± 0.066), Medium Team (Cluster 1, n = 8, Intermediate winning rate = 54.9% ± 0.064), and Weaker Team (Cluster 0, n = 6, low winning rate = 18.4% ± 0.121). Furthermore, the match between a team’s quality and the opponent’s quality was used to determine different game types, namely (as shown in Table 3): Game Type 0 (Evenly Matched, n = 113), Game Type ±1 (Small advantage/Disadvantage, n = 187), and Game Type ±2 (Large advantage/Disadvantage, n = 72). For example, when the quality of the two competing teams is classified as Stronger Team and Weaker Team, the game type for the Stronger Team is +2 (large advantage), and for the Weaker Team is −2 (large disadvantage). This classification result groups similar game types together to explore the role of momentum in similar game situations.



TABLE 3 Classification of game type and situation based on quality of the competing teams.
[image: Table3]

The Kruskal–Wallis test was used to find the differences in momentum among the five game types across the four quarters. In the +1 and +2 game types, the differences in the number of momentum situations across the four quarters are consistently greater than 0. In other words, when facing weaker opponents, the likelihood of generating momentum is higher. Figure 2 shows the results of the Kruskal–Wallis test.

[image: Figure 2]

FIGURE 2
 Kruskal–Wallis test results for differences in momentum among the five game types across the four quarters. In this figure, *p < 0.05, **p <0.01, ***p <0.001, ****p <0.0001.


The number of momentum situations and their difference values in the four quarters were used as feature variables. Spearman’s correlation coefficient was used to analyze the correlation between the features and the game outcomes. A correlation coefficient matrix was created and a heatmap was plotted (Figure 3). The correlation between the number and difference values of momentum in each quarter and the game outcome showed a decreasing trend, indicating that the momentum in the first quarter had the greatest impact on the game outcome.

[image: Figure 3]

FIGURE 3
 Spearman’s correlation analysis results.


Figure 4 shows the CHAID decision tree model. It uses game outcomes as the dependent variable, with the total sample divided into 80% training samples and 20% validation samples. The accuracy rates for the training and validation samples were 83.4 and 80.3%, respectively. The model contains 29 nodes, with the 5 game types as the root nodes. From the model results, it can be observed that in evenly matched situations, the total number of momentum situations can effectively aid in distinguishing between winning and losing samples. When the number of momentum situations is 4 or more, the win rate reaches 77.1%; when the number of momentum situations is 1 or 0, the win rate is only 16.2%. This indicates that striving for as many short-term scoring advantages as possible in the game positively impacts the game outcome. Additionally, there is no specific division of game quarters at this specific node level, indicating that in matches between equally matched teams, the number of momentum situations in different quarters has a minimal impact on the game. In contrast, when there is a certain quality gap between the two teams, momentum in the first quarter becomes an important factor in the “weaker beating stronger” scenario.

[image: Figure 4]

FIGURE 4
 Results of the CHAID decision tree model with the outcome of the game as the independent variable.





4 Discussion

Given the debate on momentum in previous research, we first aimed to present momentum in a quantifiable form to help establish an identifiable momentum conceptual framework based on relatively positive performance within specific time constraints and score change ranges. Then, using this conceptual framework, we accurately identified momentum in games and explored the role of this positive performance from the perspective of sports. The results of the difference test and correlation analysis showed that the momentum in the first quarter contributed the most to game outcome. After considering the impact of the game type scenario variables, the decision tree model further confirmed the importance of first-quarter momentum for weaker teams to defeat stronger teams. These findings provide a quantifiable method for identifying momentum, which aids sports performance scientists and psychologists in the further study of momentum, and helps coaches in formulating game strategies.

In matchups between evenly matched teams, offensive and defensive levels are relatively consistent, and the game is more likely to involve intense scoring battles, meaning frequent scoring exchanges between the two teams. This may be consistent with the changes in momentum between the two sides. In this situation, even if momentum is triggered several times (2–3 times), it may not affect the game outcome. Therefore, to gain an advantage in offensive and defensive levels and trigger more momentum, every detail in each quarter of the game becomes crucial, such as two-point shots and defensive rebounds (Lorenzo et al., 2010), assists (García et al., 2013), shooting percentage, and steals (Çene, 2018). In this context, momentum accumulation in a single quarter seems less important, and analyzing the impact of momentum on the game outcome by considering only one quarter is less effective than evaluating the overall value of momentum throughout the game.

The impact of momentum shows a changing trend at different stages of the game. Although the final stages of the game are considered very crucial (Bar-Eli and Tractinsky, 2000), especially the fourth quarter where every detail can affect the outcome (Ferreira et al., 2014), the influence of momentum on the game outcome decreases quarter by quarter. This observation has rarely been mentioned in previous studies. We acknowledge the unique characteristics of the first quarter of a basketball game because players, influenced by pre-game excitement, often exhibit higher motivation and better physical condition (Ben Abdelkrim et al., 2010), which usually reflects the true capabilities of the team (Martínez, 2014). The logic behind this unique characteristic may be related to the “success breeds success” theory reported by sports psychologists. Early success has been confirmed to influence the subsequent psychological state in sports competitions (Adler, 1981; Richardson et al., 1988; Iso-Ahola and Dotson, 2014; Morgulev, 2023). The importance of first-quarter momentum to the game outcome also supports this view from the perspective of sports performance analysis. The concept of momentum involves the psychological and emotional aspects of the game, reflecting the confidence and morale of the team and players, which are attributes difficult to quantify in the traditional definition of momentum.

Momentum has been a research topic in sports for over 40 years. It has always been considered a difficult concept to verify scientifically (Burke and Houseworth, 1995; Burke et al., 1997, 2003), but with the enrichment of statistical analysis methods and the exploration of contextual factors, researchers have been able to detect the existence of momentum through more objective and scientific empirical analysis (Hughes et al., 2006; Markman and Guenther, 2007; Dumangane et al., 2009; Morgulev et al., 2020; Gibbs et al., 2022; Weimer et al., 2023). Most of these empirical analyses are based on the dependence and non-stationarity of sequences. Sequence dependence refers to the idea that one event depends on adjacent events, while non-stationarity refers to the idea that the changes in success rate over the ongoing game exceed the possibility of being explained by chance (Moesch et al., 2014). Overall, both theoretical research and empirical analysis on momentum strongly emphasize the possibility that momentum may have a continuous structure (Iso-Ahola and Dotson, 2014, 2016). Clearly, sequences of micro-level events support the formation of momentum, and the value of these sequences lies in their representation of specific continuous events and behaviors in games, revealing the dynamic process of the game. Based on this viewpoint, establishing a momentum framework and then studying whether there are changes in the resulting sports performance, behavior, or psychology may aid in better understanding the momentum phenomenon, thereby making greater progress in theoretical research and practical applications.

The momentum framework in this study reflects the differences in offensive and defensive performance between two teams in a short period, testing the players’ continuous scoring ability and defensive quality. This is what differentiates the momentum framework defined in this study from the hot hand effect. Emphasizing the importance of defense in momentum is inspired by the study of Burke and Burke (1999) and Burke et al. (2003). We also attempted to use linear regression and Lasso models to determine the impact of defensive metrics on momentum. Although the model results showed that the opponent’s shooting scores had a significant negative impact on momentum and the opponent’s turnovers had a significant positive impact. However, the explanatory power of the models was low, so we could not rigorously confirm the specific impact of these metrics. This may be due to the sample size limitations or reflect the limitations of such models in studying momentum impact metrics. This aspect needs to be improved and refined in future research.



5 Conclusion

This study presents momentum in a quantifiable form, which aids in establishing an identifiable momentum conceptual framework. Momentum is specifically defined as the relatively positive performance of the team in offense and defense within a specific period. Through this framework, momentum can be defined more accurately in games, and its impact on game outcomes can be further explored. The results show that the momentum in the first quarter contributes the most to the game outcome, especially when weaker teams defeat stronger teams. It also emphasizes that the influence of momentum decreases quarter by quarter in different stages of the game.

Overall, this study provides a different perspective for the scientific validation of momentum. Momentum is not just a subjective concept; through quantification methods, its role in the game can be objectively assessed. This provides a reference for coaches in formulating game strategies and also offers new research methods on sports performance for scientists and psychologists. Future research can further explore the influence of different contextual factors on momentum.



6 Limitations and future research

It should be acknowledged that there are some limitations in this study. Firstly, we were unable to conduct an in-depth study of the event sequences within the momentum, which could help in understanding the causes and cessation of momentum. Secondly, we did not examine the impact of timeouts on momentum, which could be very helpful for formulating game strategies. Furthermore, we lack a deeper study of cross momentum, which could help identify key factors in sustaining momentum. Finally, due to the small sample size and insufficient dimensions, we were unable to apply linear regression or Lasso models in this study. These models could help explore the impact of game events on momentum-related dependent variables, such as the duration of momentum.

With a sufficient sample size, the events within the momentum can be included in the analysis to explore the role of different events in generating and stopping momentum. With a sufficient sample size, future research can focus on the complete event sequences within the momentum, analyzing the impact of single events or combinations of events on momentum, and can also compare events outside of momentum to further understand how to create momentum in a game. Furthermore, in-depth studies on the performance of momentum in different sports and how to apply this quantification method to other fields can be conducted.



Data availability statement

The datasets presented in this article are not readily available because the data that support the findings of this study are available from the corresponding author, MZ, upon reasonable request. Requests to access the datasets should be directed to zhangmingxin@sus.edu.cn.



Author contributions

MQ: Conceptualization, Investigation, Validation, Visualization, Writing – original draft. SZ: Methodology, Software, Writing – review & editing. QY: Data curation, Writing – review & editing. CZ: Formal analysis, Writing – review & editing. MZ: Conceptualization, Funding acquisition, Project administration, Resources, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This study was supported by Shanghai Key Lab of Human Performance (Shanghai University of Sport) (No. 11DZ2261100) and research project of Research on Intelligent Collection and Application of Sports Performance Data of Chinese Men’s Basketball Team in the New Olympic Cycle (22QN003).



Conflict of interest

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



Publisher’s note

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



Footnotes

1   https://www.cbaleague.com



References

 Adler, P. (1981). Momentum: a theory of social action. 1st Edn. Beverly Hills, Calif: SAGE Publications, Inc.


 Attali, Y. (2013). Perceived hotness affects behavior of basketball players and coaches. Psychol. Sci. 24, 1151–1156. doi: 10.1177/0956797612468452


 Bar-Eli, M., Avugos, S., and Raab, M. (2006). Twenty years of “hot hand” research: review and critique. Psychol. Sport Exerc. 7, 525–553. doi: 10.1016/j.psychsport.2006.03.001


 Bar-Eli, M., and Tractinsky, N. (2000). Criticality of game situations and decision making in basketball: an application of performance crisis perspective. Psychol. Sport Exerc. 1, 27–39. doi: 10.1016/S1469-0292(00)00005-4


 Ben Abdelkrim, N., Castagna, C., El Fazaa, S., and El Ati, J. (2010). The effect of players’ standard and tactical strategy on game demands in men’s basketball. J. Strength Cond. Res. 24, 2652–2662. doi: 10.1519/JSC.0b013e3181e2e0a3


 Brand, R., Schmidt, G., and Schneeloch, Y. (2006). Sequential effects in elite basketball referees’ foul decisions: an experimental study on the concept of game management. J. Sport Exerc. Psychol. 28, 93–99. doi: 10.1123/jsep.28.1.93


 Briki, W. (2017). Rethinking the relationship between momentum and sport performance: toward an integrative perspective. Psychol. Sport Exerc. 30, 38–44. doi: 10.1016/j.psychsport.2017.02.002


 Burke, K., Aoyagi, M., Joyner, B., and Burke, M. (2003). Spectators’ perceptions of positive momentum while attending NCAA men’s and women’s basketball regular season contests: exploring the antecedents-consequences model. Athl. Insight 5, 10–18.


 Burke, K. L., and Burke, M. M. (1999). Perceptions of momentum in college and high school basketball: an exploratory case study investigation. J. Sport Behav. 22:303.


 Burke, K. L., Edwards, T. C., Weigand, D. A., and Weinberg, R. S. (1997). Momentum in sport: a real or illusionary phenomenon for spectators. Int. J. Sport Psychol. 28, 79–96.


 Burke, K. L., and Houseworth, S. (1995). Structural charting and perceptions of momentum in intercollegiate volleyball. J. Sport Behav. 18, 167–183.


 Carlson, K. A., and Shu, S. B. (2007). The rule of three: how the third event signals the emergence of a streak. Organ. Behav. Hum. Decis. Process. 104, 113–121. doi: 10.1016/j.obhdp.2007.03.004


 Çene, E. (2018). What is the difference between a winning and a losing team: insights from Euroleague basketball. Int. J. Perform. Anal. Sport 18, 55–68. doi: 10.1080/24748668.2018.1446234


 Chen, T., and Fan, Q. (2018). A functional data approach to model score difference process in professional basketball games. J. Appl. Stat. 45, 112–127. doi: 10.1080/02664763.2016.1268106


 Cotterill, S. (2012). Team Psychology in Sports: Theory and Practice : (1st ed.). Routledge.


 Csapo, P., Avugos, S., Raab, M., and Bar-Eli, M. (2015). The effect of perceived streakiness on the shot-taking behaviour of basketball players. Eur. J. Sport Sci. 15, 647–654. doi: 10.1080/17461391.2014.982205 

 De Saá Guerra, Y., Martín Gonzalez, J. M., Sarmiento Montesdeoca, S., Rodriguez Ruiz, D., Arjonilla López, N., and García-Manso, J. M. (2013). Basketball scoring in NBA games: an example of complexity. J. Syst. Sci. Complex. 26, 94–103. doi: 10.1007/s11424-013-2282-3


 Dumangane, M., Rosati, N., and Volossovitch, A. (2009). Departure from independence and stationarity in a handball match. J. Appl. Stat. 36, 723–741. doi: 10.1080/02664760802499329


 Ferreira, A. P., Volossovitch, A., and Sampaio, J. (2014). Towards the game critical moments in basketball: a grounded theory approach. Int. J. Perform. Anal. Sport 14, 428–442. doi: 10.1080/24748668.2014.11868732


 Gabel, A., and Redner, S. (2012). Random walk picture of basketball scoring. J. Quant. Anal. Sports 8:6. doi: 10.1515/1559-0410.1416


 García, J., Ibáñez, S. J., Martinez De Santos, R., Leite, N., and Sampaio, J. (2013). Identifying basketball performance indicators in regular season and playoff games. J. Hum. Kinet. 36, 161–168. doi: 10.2478/hukin-2013-0016 

 Gibbs, C., Elmore, R., and Fosdick, B. (2022). The causal effect of a timeout at stopping an opposing run in the NBA. Ann. Appl. Stat. 16, 1359–1379. doi: 10.1214/21-AOAS1545


 Gilovich, T., Vallone, R., and Tversky, A. (1985). The hot hand in basketball: on the misperception of random sequences. Cognit. Psychol. 17, 295–314. doi: 10.1016/0010-0285(85)90010-6


 Gómez, M.-Á., Avugos, S., Ortega, E., and Bar-Eli, M. (2019). Adverse effects of technical fouls in elite basketball performance. Biol. Sport 36, 155–161. doi: 10.5114/biolsport.2019.83505 

 Gómez, M. A., Jiménez, S., Navarro, R., Lago-Penas, C., and Sampaio, J. (2011). Effects of coaches’ timeouts on basketball teams’ offensive and defensive performances according to momentary differences in score and game period. Eur. J. Sport Sci. 11, 303–308. doi: 10.1080/17461391.2010.512366


 Gómez, M. A., Lorenzo, A., Barakat, R., Ortega, E., and José, M. P. (2008). Differences in game-related statistics of basketball performance by game location for men’s winning and losing teams. Percept. Mot. Skills 106, 43–50. doi: 10.2466/pms.106.1.43-50


 Gómez-Ruano, M. A. (2018). Current approaches to performance analysis in team sports. [Enfoques actuales para el análisis de rendimiento en deportes de equipo]. RICYDE Rev. Int. Cienc. Deporte 14, 3–4. doi: 10.5232/ricyde2018.051ed


 Hughes, M., Fenwick, B., and Murray, S. (2006). Expanding normative profiles of elite squash players using momentum of winners and errors. Int. J. Perform. Anal. Sport 6, 161–171. doi: 10.1080/24748668.2006.11868364


 Iso-Ahola, S. E., and Blanchard, W. J. (1986). Psychological momentum and competitive sport performance: a field study. Percept. Mot. Skills 62, 763–768. doi: 10.2466/pms.1986.62.3.763


 Iso-Ahola, S. E., and Dotson, C. O. (2014). Psychological momentum: why success breeds success. Rev. Gen. Psychol. 18, 19–33. doi: 10.1037/a0036406


 Iso-Ahola, S. E., and Dotson, C. O. (2016). Psychological momentum—a key to continued success. Front. Psychol. 7:1328. doi: 10.3389/fpsyg.2016.01328 

 Jetzke, M., and Winter, C. (2022). Do we need a more flexible use of team timeout calling? Evidence from the handball Bundesliga. J. Sports Sci. 40, 878–885. doi: 10.1080/02640414.2021.2022860 

 Koehler, J. J., and Conley, C. A. (2003). The “hot hand” myth in professional basketball. J. Sport Exerc. Psychol. 25, 253–259. doi: 10.1123/jsep.25.2.253


 Lorenzo, A., Gómez, M. Á., Ortega, E., Ibáñez, S. J., and Sampaio, J. (2010). Game related statistics which discriminate between winning and losing under-16 male basketball games. J. Sports Sci. Med. 9, 664–668 

 Mace, F. C., Lalli, J. S., Shea, M. C., and Nevin, J. A. (1992). Behavioral momentum in college basketball. J. Appl. Behav. Anal. 25, 657–663. doi: 10.1901/jaba.1992.25-657


 Markman, K. D., and Guenther, C. L. (2007). Psychological momentum: intuitive physics and naive beliefs. Personal. Soc. Psychol. Bull. 33, 800–812. doi: 10.1177/0146167207301026 

 Martínez, J. A. (2014). The influence of the first quarter on the final result in basketball/La Influencia Del primer Cuarto En El Resultado final En Baloncesto. Rev. Int. Med. Cienc. Act. Física Deporte 14, 755–769.


 Matulaitis, K., and Bietkis, T. (2021). Prediction of offensive possession ends in elite basketball teams. Int. J. Environ. Res. Public Health 18:1083. doi: 10.3390/ijerph18031083 

 McGarry, T., O’Donoghue, P., and Sampaio, A. J. D. E. (2013). Routledge handbook of sports performance analysis. New York: Routledge.


 Mikołajec, K., Banyś, D., Żurowska-Cegielska, J., Zawartka, M., and Gryko, K. (2021). How to win the basketball Euroleague? Game performance determining sports results during 2003–2016 matches. J. Hum. Kinet. 77, 287–296. doi: 10.2478/hukin-2021-0050 

 Moesch, K., and Apitzsch, E. (2012). How do coaches experience psychological momentum? A qualitative study of female elite handball teams. Sport Psychol. 26, 435–453. doi: 10.1123/tsp.26.3.435


 Moesch, K., Bäckström, M., Granér, S., and Apitzsch, E. (2014). Hard fact or illusion? An investigation on momentum in female elite handball from a team perspective. Int. J. Sport Exerc. Psychol. 12, 106–120. doi: 10.1080/1612197X.2013.804287


 Morgulev, E. (2023). Streakiness is not a theory: on “momentums” (hot hands) and their underlying mechanisms. J. Econ. Psychol. 96:102627. doi: 10.1016/j.joep.2023.102627


 Morgulev, E., Azar, O. H., and Bar-Eli, M. (2020). Searching for momentum in NBA triplets of free throws. J. Sports Sci. 38, 390–398. doi: 10.1080/02640414.2019.1702776 

 Mortimer, P., and Burt, W. E. (2014). Does momentum exist in elite handball? Int. J. Perform. Anal. Sport 14, 788–800. doi: 10.1080/24748668.2014.11868758


 Munoz, E., Chen, J., and Thomas, M. (2019). Momentum effect in the NBA: exploiting the fine line between winning and losing. SSRN Electron. J. doi: 10.2139/ssrn.3391748


 O’Donoghue, P. (2014). An introduction to performance analysis of sport. London: Routledge.


 O’Donoghue, P., and Brown, E. (2009). Sequences of service points and the misperception of momentum in elite tennis. Int. J. Perform. Anal. Sport 9, 113–127. doi: 10.1080/24748668.2009.11868468


 Palmer, J. A., Bini, R., Wundersitz, D., and Kingsley, M. (2022). On-court activity and game-related statistics during scoring streaks in basketball: applied use of accelerometers. Sensors 22:4059. doi: 10.3390/s22114059 

 Rein, R., and Memmert, D. (2016). Big data and tactical analysis in elite soccer: future challenges and opportunities for sports science. Springerplus 5:1410. doi: 10.1186/s40064-016-3108-2 

 Richardson, P. A., Adler, W., and Hankes, D. (1988). Game, set, match: psychological momentum in tennis. Sport Psychol. 2, 69–76. doi: 10.1123/tsp.2.1.69


 Salaga, S., and Brown, K. M. (2018). Momentum and betting market perceptions of momentum in college football. Appl. Econ. Lett. 25, 1383–1388. doi: 10.1080/13504851.2017.1420885


 Sampaio, J., Drinkwater, E. J., and Leite, N. M. (2010a). Effects of season period, team quality, and playing time on basketball players’ game-related statistics. Eur. J. Sport Sci. 10, 141–149. doi: 10.1080/17461390903311935


 Sampaio, J., Lago, C., Casais, L., and Leite, N. (2010b). Effects of starting score-line, game location, and quality of opposition in basketball quarter score. Eur. J. Sport Sci. 10, 391–396. doi: 10.1080/17461391003699104


 Serna, J., Muñoz-Arroyave, V., March-Llanes, J., Anguera, M. T., Prat, Q., Rillo-Albert, A., et al. (2021). Effect of Ball Screen and One-on-One on the Level of Opposition and Effectiveness of Shots in the ACB. Int. J. Environ. Res. Public. Health. 18, 2676. doi: 10.3390/ijerph18052676


 Taylor, J., and Demick, A. (1994). A multidimensional model of momentum in sports. J. Appl. Sport Psychol. 6, 51–70. doi: 10.1080/10413209408406465


 Young, C. M., Luo, W., Gastin, P. B., and Dwyer, D. B. (2020). Understanding the relative contribution of technical and tactical performance to match outcome in Australian Football. J. Sports Sci. 38, 676–681. doi: 10.1080/02640414.2020.1724044


 Vallerand, R. J., Colavecchio, P. G., and Pelletier, L. G. (1988). Psychological Momentum and Performance Inferences: A Preliminary Test of the Antecedents-Consequences Psychological Momentum Model. J. Sport Exerc. Psychol. 10, 92–108. doi: 10.1123/jsep.10.1.92


 Weimer, L., Steinert-Threlkeld, Z., and Coltin, K. (2023). A causal approach for detecting team-level momentum in NBA games. J. Sports Anal. 9, 1–16. doi: 10.3233/JSA-220592


 Zhao, Y., and Zhang, H. (2023). Does success breed success? An investigation of momentum in elite recurve archery. Psychol. Sport Exerc. 66, 102397. doi: 10.1016/j.psychsport.2023.102397



Copyright
 © 2024 Qiu, Zhang, Yi, Zhou and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpsyg-15-1412840-t002.jpg
Feature Importance
Free throw scoring 30.89%
Opponents two-point shots made 14.91%
Opponents turnovers 7.79%
Missed field goals 401%
Fouls on opponent’s shots 3.62%
Opponents three-point shots made 3.20%
Defensive rebounds 249%
Missed free throws 230%

Technical foul free throws 227%





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The influence of “momentum” on the game outcome while controlling for game types in basketball



		1 Introduction



		2 Methods



		2.1 Research sample



		2.2 Reliability and validity of data



		2.3 Statistical analysis









		3 Results



		3.1 Data identification results



		3.2 Statistical analysis results









		4 Discussion



		5 Conclusion



		6 Limitations and future research



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Footnotes



		References



















OPS/images/fpsyg-15-1412840-t001.jpg
Mean + SD Difference value (W- Paired-sample Wilcoxon
Signed-Rank Test

Mean SD p-value V4
Q 360 160 097085 043058 054 027 <0.001 8605
Q@ 351 170 095082 046065 049 017 <0.001 ~7.973
Q4 349 176 0942036 0472065 047 021 <0.001 -7302
Q4 313 204 0842085 055069 029 0.16 <0.001 —4624

Total 1,373 710 3694165 191£118 178 047 <0.001 ~13.108





OPS/images/fpsyg-15-1412840-t003.jpg
Team quality Winning rate Opponent team Game type Game situation

(cluster) (Mean + SD) quality

Stronger team (cluster 2) 75.0%0.066 Stronger team 0 Evenly matched
Intermediate team + Small advantage
Weaker team +2 Large advantage

Intermediate team (cluster 1) 54.9%0.064 Stronger team -1 Small disadvantage
Intermediate team 0 Evenly matched
‘Weaker team + Small advantage

Weaker Team (cluster 0) 18.4%£0.121 Stronger team -2 Large disadvantage
Intermediate team -1 Small disadvantage

Weaker team 0 Evenly matched





OPS/images/fpsyg-15-1412840-g004.jpg





OPS/images/fpsyg-15-1412840-g003.jpg
WL

DIff of Number_Q1

DIfF of Number_Q2

DIff of Number_Q3

DIff of Number_Q4

& &

I ¢ ¢
A A &‘,f’ &,e/f"‘ d&,e/





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

The influence of “momentum” on
the game outcome while
controlling for game types in
basketball












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Psychology






OPS/images/fpsyg-15-1412840-e005.jpg





OPS/images/fpsyg-15-1412840-e006.jpg





OPS/images/fpsyg-15-1412840-e003.jpg





OPS/images/fpsyg-15-1412840-e004.jpg





OPS/images/fpsyg-15-1412840-g002.jpg
10

Q1.Diff of Momentum

Q3.Diff of Momentum

5

10

0+ +2 a4 -2
Game Type

*kkk

Kk

*

*kkkk
1
Fkkk kkkk
1
*kkkk
[

0 +1 +2 1 2
Game Type

-
o

Q2.Diff of Momentum

Q4.Diff of Momentum

*kk

*kkk
1
*kk

1
*okokok
1
Fokkk  dokkok
i1
i
1

0 +#1 +2 1 -2
Game Type

0 +1 +2 4 -2
Game Type





OPS/images/fpsyg-15-1412840-e007.jpg





OPS/images/fpsyg-15-1412840-g001.jpg
— Score Difference
= Momentum A
0 Momentum B

g
g
g
o
3

£
4
s

A






OPS/images/fpsyg-15-1412840-e001.jpg





OPS/images/fpsyg-15-1412840-e002.jpg





