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Abstract

:

This study aimed to analyze how active versus passive rest periods after a warm-up influence performance in psychomotor vigilance tasks (PVT). Twenty amateur karate athletes participated in a randomized cross-over study consisting of two sessions with either a 20 min active rest involving kata techniques or passive rest. PVT was administered before and after these conditions to assess the changes in reaction time. The results revealed that the active rest condition significantly improved reaction times compared to both the passive rest condition (F(1,31) = 5.34, p = 0.03, η2 partial = 0.14) and control condition (F(1,31) = 5.49, p = 0.02, η2 partial = 0.15). No significant time-on-task effects were observed, F(4,120) = 2.31, p = 0.06, and there were no significant interactions between effort condition and time-on-task, F(4,120) = 1.89, p = 0.11). Participating in an active rest period post-warm-up improves cognitive performance in karate athletes, as evidenced by quicker reaction times in the PVT. This finding supports the use of active rest strategies (involving kata techniques) to maintain and improve cognitive readiness in young karate athletes.
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1. Introduction


Karate is a martial art discipline that encompasses two primary forms of practice known as kumite and kata, demanding rapid reactions, simultaneous attack–defense actions, and refined motor skills [1]. Kata involves substantial mass displacements achieved by maintaining a lower center of gravity [2] and involves a predetermined sequence of movements performed with explosive speed, simulating engagements with imaginary opponents. On the other hand, kumite is characterized by high-intensity activity, including explosive and intermittent actions lasting from 0.3 to 2.1 s, demanding significant technical and tactical proficiency [3]. For those reasons, karate demands high levels of aerobic and anaerobic power capacity and strength, especially in the kumite discipline [4,5].



Although the physical fitness characteristics of karate athletes are determinant for such a combat sport, a great level of focus on the opponents’ actions is also an important requisite to ensure the athletes maintain a great level of sustained attention, especially in kumite training and competition, where there is opposition [6,7]. Indeed, in the kumite discipline, athletes have to sustain their attention on the opponent’s actions and selectively respond to relevant stimuli with speed and accuracy [8]. Sustained attention, often termed vigilance, is a cognitive function essential for maintaining attention through time [9]. Extended engagement in a task usually leads to mental fatigue and declines in a given task performance as time progresses [10]. As a consequence, the reduced levels of sustained attention lead to delayed reaction times, decreased anticipation, and a greater inability to detect a given target [11,12,13]. For instance, previous studies showed that attention typically diminishes within the timeframe of 10 to 30 min into a task [14,15].



Despite the absence of evidence regarding the duration between the warm-up and the start of official combat in karate kumite competitions, karatekas often warm up without knowing when their first combat will take place [16]. Therefore, karate athletes are obligated to be in a passive rest condition from the warm-up until the start of the first combat, which can take several minutes to one hour of waiting [7,16]. Extended periods between the warm-up and the competition are expected to result in a greater dissipation of the warm-up effects [17]. For instance, a systematic review of the time between warm-up and match start in team sports found that a 2 min active re-warm-up with short explosive movements is necessary for intervals longer than 15 min [17]. The warm-up serves as post-activation performance enhancement (PAPE), which refers to the acute stimulation of the neuromuscular system after engaging in a given exercise to improve subsequent performance [18,19]. PAPE, often achieved through high-intensity exercises such as plyometric exercises, is designed to enhance power output and explosiveness in subsequent activities [20]. However, it is important to note that many contemporary warm-up routines incorporate dynamic activities, such as jumping or sprinting drills, not solely to achieve PAPE but also to optimize the warm-up effect through specificity and skill rehearsal, ensuring athletes are well-prepared for sport-specific movements [21,22]. This phenomenon of PAPE, however, typically lasts only for several minutes [23].



Furthermore, it has been shown that physical exercise improves cognitive performance [24]. A study that analyzed the role of aerobic fitness in sustained attention measured by a psychomotor vigilance task (PVT), which measures the reaction time to respond to a given stimulus, showed faster responses for the group with greater aerobic capacity [25]. Indeed, a previous systematic review that analyzed the effects of physical activity on sustained attention showed that participating in exercises from moderate to high-intensity results in improved sustained attention [26]. Indeed, active breaks, consisting of strength and self-loading exercises, have been shown to improve performance in PVT tasks [27]. Moreover, a recent study conducted on thirty-two students to analyze the effects of the inclusion of a warm-up on a PVT task showed that participating in a warm-up improved sustained attention as compared to the group that received no warm-up [28]. Also, research has shown that adolescent athletes are particularly responsive to cognitive and physical interventions, with their neuromuscular and attentional capacities developing in ways that are still distinct from adults [29]. For young athletes engaged in combat sports, improving sustained attention and physical readiness through structured warm-ups and rest protocols could provide meaningful benefits not only in performance but also in developing long-term mental and physical resilience [30].



Given that there is no evidence of the effects of post-warm-up active and passive rest periods on PVT performance in karate and that karate athletes usually wait for longer periods between the warm-up and the first combat, the present study aims to analyze the effects of an active and passive rest period after a warm-up on the PVT and to compare the differences between the active and passive rest periods on the PVT. We hypothesize that an active rest period following the warm-up will lead to significantly better performance on the PVT, as compared to passive rest, by helping to sustain the neuromuscular and cognitive benefits associated with the active rest activities (e.g., kata techniques).




2. Materials and Methods


2.1. The Study Design and Experimental Approach


This present study employed a randomized cross-over design. Participants were recruited from two different karate teams. The psychomotor vigilance task (PVT) was conducted over two sessions, with a one-week interval between them. Participants were randomly assigned to either the passive rest group, active rest group, or control group using a randomization sequence that was generated electronically and was concealed until the interventions were assigned. The passive rest group completed a five-minute PVT both before and after the warm-up. Then, after a 20 min interval after the second PVT, the group completed a third five-minute PVT. The active rest group completed a five-minute PVT both before and after the warm-up. Then, they immediately engaged in a 20 min physical activity consisting of karate kata techniques. After the 20 min karate kata techniques, the active rest group completed a third five-minute PVT. The control group completed only the five-minute PVT without participating in any form of physical activity (i.e., the warm-up and the kata techniques). The following training session, held a week later, saw the roles reversed.



Before the main experimental tasks, all participants underwent a familiarization session to ensure they understood the procedures and to minimize any learning effects that could influence the results. This session included a brief orientation on the PVT protocol, where participants completed a practice five-minute PVT trial under the same conditions as the actual testing to acquaint themselves with the response timing and concentration requirements of the task. Familiarization with the kata techniques was also provided to those in the active recovery group, with supervised practice to ensure proper form and intensity. No trials were excluded from the dataset.




2.2. Participants


Twenty karate amateur athletes (age: 15.7 ± 3.3 years; height: 169.2 ± 7.3 cm; body mass: 65.1 ± 5.7 kg) participated in this study. The inclusion criteria for participant selection were as follows: (i) previously signing the provided informed consent form by their legal guardians; (ii) being in good health without any medical contraindications or musculoskeletal injuries, regardless of gender; (iii) attending the two training sessions; and (iv) participating in the two groups. All participants were provided with detailed information regarding the study design, potential risks, and benefits and provided voluntary written informed consent to participate before the study commencement. This study was conducted following the Ethics Committee for Social, Life, and Health Sciences of the Polytechnic Institute of Viana do Castelo with the code CECSVS2024/02/I and in compliance with the principles outlined in the Declaration of Helsinki.




2.3. Psychomotor Vigilance Task (PVT)


An iPhone 5s operating on iOS version 12.4.5 was used to deliver the stimuli for the Psychomotor Vigilance Test (PVT) app (Vigilance Buddy app, version 1.57). Before the experimental sessions, these devices were configured to disable all notifications to prevent any distractions that could interfere with the participants’ focus. The mobile device was strategically positioned at eye level, approximately 50 to 80 cm from the participants’ heads, ensuring optimal visibility and engagement with the screen. The PVT interface featured a gray background with a chronometer prominently displayed at the center.



The test commenced after a randomly determined interval, which varied between 2000 and 10,000 ms. During this interval, the chronometer functioned similarly to a real stopwatch, providing a visual cue for the participants. Before initiating the PVT in each session, participants received both verbal and written instructions emphasizing the importance of maintaining fixation on the center of the screen. They were instructed to minimize eye movement and to respond as swiftly as possible once the chronometer began to fill while also being cautioned against making anticipation errors. Participants recorded their responses during a single block lasting five minutes by pressing the center of the device as quickly as possible when the stopwatch started. Following the protocol previously established [31], trials with reaction times below 100 milliseconds were classified as anticipation errors and subsequently excluded from the analysis. The exact number of attempts per participant depended on the individual’s response latency. The outcomes extracted from the data were the mean reaction times, in milliseconds (ms), during the five-minute PVT of each participant trial across conditions (passive rest, active rest, and control groups), providing a comprehensive assessment of their performance.



This meticulous approach not only enhances the reliability of the findings but also contributes to a deeper understanding of the impact of warm-up protocols on the PVT. By analyzing the mean reaction times, researchers can draw meaningful conclusions regarding the cognitive and motor performances of participants under varying conditions, thereby informing future studies and practical applications in sports science and psychology. The reaction times were recorded for each PVT in CSV format on the respective devices and subsequently emailed to the experimenter.




2.4. Statistical Analysis


A two-way repeated measures ANOVA was conducted to assess the main effects of the effort condition (control, active rest, and passive rest) and time-on-task, defined as the sequence of five-minute psychomotor vigilance task (PVT) trials administered at different stages (i.e., before the warm-up, immediately after the warm-up, and after the assigned 20 min passive and/or active rest condition), as well as the interaction between these factors on the mean reaction times. Reaction time, the primary outcome variable, was measured in milliseconds (ms) and represents the average time taken by the participants to respond to visual stimuli during each five-minute PVT session. Partial eta-squared values (η2 partial) were reported to estimate the effect sizes for each effect, with the interpretation based on Cohen’s conventions [32]: small (0.2), medium (0.5), and large (>0.8). Post hoc comparisons were conducted with Bonferroni adjustments to identify specific group differences in the reaction times when significant effects were detected. Assumptions underlying the ANOVA were tested to ensure the validity of the analysis. The normality of reaction times was evaluated using the Shapiro–Wilk test, while the homogeneity of variances across conditions was assessed with Levene’s test. Mauchly’s test was used to evaluate sphericity for within-subject factors, and when this assumption was violated, the Greenhouse–Geisser correction was applied, with the adjusted p-values reported. Additionally, reaction times below 100 milliseconds were considered anticipation errors and excluded from the analysis to prevent artificially inflated performance scores, with the total number of valid trials reduced accordingly. Measures of central tendency (mean) and dispersion (standard deviation) were calculated and presented for each effort condition. To further enhance interpretability, 95% confidence intervals (CI) were calculated for each mean reaction time. All statistical analyses were performed using SPSS software (version 27.0), with the statistical significance set at p < 0.05.





3. Results


Repeated measures analyses of variance (ANOVA) were conducted using the average reaction times of the participants across the different conditions (Figure 1).



The results for each condition were as follows: control condition (395 ms ± 32 ms; 95% CI = 39.4, lower CI = 355, upper CI = 434), active rest condition (360 ms ± 108 ms; 95% CI = 22.0, lower CI = 338, upper CI = 382), and passive rest condition (381 ms ± 126 ms; 95% CI = 28.7, lower CI = 353, upper CI = 410). The time-on-task for each trial was set at 5 min. These analyses aimed to elucidate the effects of different conditions on participants’ reaction times, providing insights into the impact of warm-up activities on cognitive performance.



Repeated measures analyses of variance (ANOVA) were performed using the participants’ average reaction times across the conditions: control condition (395 ms ± 32 ms, 95% CI = 39.4, lower CI = 355, upper CI = 434), active rest condition (360 ms ± 108 ms, 95% CI = 22.0, lower CI = 338, upper CI = 382), and passive rest condition (381 ms ± 126 ms, 95% CI = 28.7, lower CI = 353, upper CI = 410); and time-on-task (5 min).



An ANOVA was conducted to compare participants’ mean reaction times in the control condition and active rest condition, as well as time-on-task. The analysis revealed a significant main effect of effort condition, F(1,31) = 5.5, p = 0.02, η2 partial = 0.15. Participants exhibited faster response times in the active rest condition (360 ms ± 108 ms) compared to the control condition (395 ms ± 32 ms). However, there was no significant main effect of time-on-task, F(4,120) = 2.1, p = 0.08, η2 partial = 0.07, nor a significant interaction between the effort condition and time-on-task, F(4,120) = 1.9, p = 0.11, η2 partial = 0.06.



In a separate ANOVA comparing the mean reaction times between the control condition and passive rest condition, no significant main effects were found for either the effort condition, F < 1, or the interaction between the effort condition and time-on-task, F < 1. However, the analysis revealed a significant main effect of time-on-task, F(4,120) = 4.7, p = 0.001, η2 partial = 0.13, indicating a decrease in the reaction times over time.



Finally, an ANOVA comparing the mean reaction times between the active rest condition and passive rest condition revealed a significant main effect of the effort condition, F(1,31) = 5.3, p = 0.03, η2 partial = 0.14. Participants demonstrated quicker responses in the active rest condition (360 ms ± 108 ms) compared to the passive rest condition (381 ms ± 126 ms). However, there was no significant main effect of time-on-task, F(4,120) = 2.3, p = 0.06, η2 partial = 0.06 (Table 1).




4. Discussion


This present study aimed to investigate the effects of post-warm-up active versus passive rest periods on the psychomotor vigilance task performance of karate athletes. The findings showed that an active rest period involving kata techniques significantly enhanced the athletes’ cognitive performance, as evidenced by the quicker reaction times compared to both the passive rest and control conditions. Additionally, no significant time-on-task effects or interactions between the effort condition and time-on-task were observed, suggesting that the improvements in reaction times were specifically due to the active rest period rather than fatigue or task duration.



It was observed that brief periods of moderate physical activity, such as active rest involving karate kata techniques, led to significant improvements in cognitive performance, particularly in a task requiring focused attention. The results of the present study corroborate previous research, indicating that brief periods of moderate physical activity can lead to immediate improvements in cognitive tasks, especially those requiring focused attention and executive function [33]. Adding to this, recent evidence suggests that adults with martial arts experience exhibit enhanced performance in maintaining endogenous alertness, a cognitive domain closely linked to attention [34,35]. However, the mechanisms by which this occurs in martial arts practitioners might be multifaceted and warrant further exploration. In the context of martial arts, particularly in karate kata techniques, these improvements might not only be due to increased physiological arousal but could also involve psychological components such as the meditative state often associated with such techniques [35]. This aligns with the observed benefits in attentional networks, where martial arts training could improve the ability to sustain attention [34]. This physiological and psychological duality could facilitate greater neural connectivity, particularly in the prefrontal cortex [36]. Additionally, the developmental stage of the participants may have played a role in enhancing neuroplasticity, which supports cognitive maturation in adolescents and young adults [37,38]. Future research could investigate whether these cognitive improvements are specifically linked to certain martial arts actions, such as the precision of movements, and could benefit from using neuroimaging techniques to explore the changes in brain activity patterns.



The lack of significant time-on-task effects suggests that the cognitive benefits of active rest are maintained throughout the task, which could be particularly beneficial in sports such as karate, where sustained attention over time is crucial [39]. This finding is supported by research conducted on high school students, where an eight-week program of active breaks resulted in improved vigilance performance, indicating that regular, short bursts of physical activity can improve cognitive function over time [27]. The same authors [27] suggested that the integration of physical activity during breaks could serve as an effective strategy for sustaining cognitive performance not only in educational settings but also in other sports. However, in our study, we considered the acute effects of active rest and passive rest conditions on a vigilance task, while in the above-mentioned study, ref. [27] implemented a chronic response design. Regarding the acute effects, a previous study found that vigilance performance improved after exercise at 80% of the ventilatory anaerobic threshold during short-term tasks [40]. Additionally, sustained performance benefits were observed when exercising at 75% of the ventilatory anaerobic threshold over longer durations [40]. This is the influence of exercise intensity on reaction times during vigilance tasks. This is particularly valuable in martial arts competitions, where maintaining good levels of cognitive function over extended periods is essential, as athletes often experience delays of up to one hour between their warm-up and the start of their first combat [39]. The sustained effectiveness could also be attributed to the combination of physical movement with mental focus in kata, which might help in maintaining neural efficiency without leading to cognitive fatigue [41]. Future studies could explore the optimal duration and frequency of active rest periods to maximize sustained attention.



The finding that passive rest did not significantly improve vigilance performance compared to the active rest condition supports the hypothesis that sustained attention and better reaction times require an active physical and/or cognitive task. This aligns with findings from previous studies where active breaks involving moderate physical exercises during classes in high school students and schoolchildren of 10–11 years led to improved vigilance performance [27,42,43]. Moreover, the kata techniques, with their choreographed movements, might stimulate not only physical outputs but also require a great level of mental visualization [44]. Furthermore, research on martial arts training indicates that prolonged engagement in activities demanding sustained attention can specifically improve the alertness network in adults, illustrating how activities such as kata could contribute to cognitive benefits through sustained attention mechanisms [35]. This difference between passive rest and active rest could be critical in designing interventions for vigilance and sustained attention, where activities combining physical movement with cognitive tasks might be more effective than passive rest.



This present study has its limitations. The intensity of the active rest was not monitored, which could have influenced the observed outcomes. Future research could benefit from quantifying both the subjective and objective measures of intensity to better understand how varying levels of intensity impact cognitive performance. Moreover, the baseline physical fitness and mental condition of participants might influence the observable benefits of short-term interventions such as active rest in our study. Given the lack of significant findings in this area, future studies could explore how participants with differing levels of physical fitness and mental readiness respond to active and passive rest periods. Comparative studies involving participants from a broader range of fitness and cognitive statuses could provide deeper insights into how baseline fitness and mental status influence the cognitive effects of different resting periods.




5. Conclusions


In conclusion, the findings of this study showed that implementing kata techniques during active rest after a period of moderate physical exertion, such as a warm-up, improves the cognitive performance of karate athletes, demonstrated by faster reaction times relative to the conditions of passive rest and the control groups. Given that, active rest strategies after a period of physical exertion help to maintain and improve the reaction times during a vigilance task. These findings are particularly relevant for karate competitions, where athletes often experience delays of up to one hour between their warm-up and the start of their first combat. From a neurophysiological perspective, active rest may help sustain neural activation and cognitive performance by maintaining neuromuscular engagement and facilitating recovery.







Author Contributions


Conceptualization, R.M.S. and A.F.S.; methodology, R.M.S., A.F.S., F.F. and D.P.; formal analysis, F.G.-F.; investigation, R.M.S. and A.F.S.; resources, R.M.S., A.F.S., F.F. and D.P.; data curation, F.G.-F.; writing—original draft preparation, R.M.S., A.F.S. and F.G.-F.; writing—review and editing, R.M.S., F.F., A.F.S., F.G.-F., A.R.-M., V.L. and D.P.; supervision, R.M.S. and A.F.S. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Ethics Committee for Social, Life, and Health Sciences of the Polytechnic Institute of Viana do Castelo with the code CECSVS2024/02/I on 13 February 2024.




Informed Consent Statement


Informed consent was obtained from all subjects and their legal guardians involved in the study.




Data Availability Statement


The original contributions presented in the study are included in the article, further inquiries can be directed to the corresponding author.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Molinaro, L.; Taborri, J.; Montecchiani, M.; Rossi, S. Assessing the effects of kata and kumite techniques on physical performance in elite karatekas. Sensors 2020, 20, 3186. [Google Scholar] [CrossRef] [PubMed]

	



Nichas, A.; Shaw, B.S.; Millard, L.; Breukelman, G.J.; Shaw, I. Kinanthropometric attributes of elite south african male kata and kumite karateka. Arch. Budo 2020, 16, 181–194. [Google Scholar]

	



Ojeda-Aravena, A.; Herrera-Valenzuela, T.; Garcia, J.M.G.; Ramirez-Campillo, R. Six weeks of HIIT based on repeated 5-meter sprints vs. countermovement jumps: Effects on physical performance among karate athletes. A pilot-study. Ido Mov. Cult. 2020, 20, 24–32. [Google Scholar] [CrossRef]

	



Pal, S.; Yadav, J.; Kalra, S.; Sinduh, B. Different Training Approaches in Karate-A Review. London J. Res. Humanit. Soc. Sci. 2020, 20, 33–44. [Google Scholar]

	



Kabadayı, M.; Karadeniz, S.; Yılmaz, A.K.; Karaduman, E.; Bostancı, Ö.; Akyildiz, Z.; Clemente, F.M.; Silva, A.F. Effects of Core Training in Physical Fitness of Youth Karate Athletes: A Controlled Study Design. Int. J. Environ. Res. Public Health 2022, 19, 5816. [Google Scholar] [CrossRef]

	



Petri, K.; Witte, K.; Bandow, N.; Emmermacher, P.; Masik, S.; Dannenberg, M.; Salb, S.; Zhang, L.; Brunnett, G. Development of an Autonomous Character in Karate Kumite. Adv. Intell. Syst. Comput. 2018, 663, 124–135. [Google Scholar] [CrossRef]

	



Arazi, H.; Izadi, M. Physical and physiological profile of Iranian world-class karate athletes. Biomed. Hum. Kinet. 2017, 9, 115–123. [Google Scholar] [CrossRef]

	



Chaabène, H.; Hachana, Y.; Franchini, E.; Mkaouer, B.; Chamari, K. Physical and physiological profile of elite karate athletes. Sports Med. 2012, 42, 829–843. [Google Scholar] [CrossRef]

	



Helton, W.S.; Warm, J.S. Signal salience and the mindlessness theory of vigilance. Acta Psychol. 2008, 129, 18–25. [Google Scholar] [CrossRef]

	



Oken, B.S.; Salinsky, M.C.; Elsas, S.M. Vigilance, alertness, or sustained attention: Physiological basis and measurement. Int. Fed. Clin. Neurophysiol. 2008, 23, 1885–1901. [Google Scholar] [CrossRef]

	



Carter, L.; Russell, P.N.; Helton, W.S. Target predictability, sustained attention, and response inhibition. Brain Cogn. 2013, 82, 35–42. [Google Scholar] [CrossRef] [PubMed]

	



Xiao, Y.; Ma, F.; Lv, Y.; Cai, G.; Teng, P.; Xu, F.G.; Chen, S. Sustained attention is associated with error processing impairment: Evidence from mental fatigue study in four-choice reaction time task. PLoS ONE 2015, 10, e0117837. [Google Scholar] [CrossRef] [PubMed]

	



Steinkrauss, A.C.; Shaikh, A.F.; O’Brien Powers, E.; Moher, J. Performance-linked visual feedback slows response times during a sustained attention task. Cogn. Res. Princ. Implic. 2023, 8, 32. [Google Scholar] [CrossRef] [PubMed]

	



Langner, R.; Eickhoff, S. Sustaining Attention to Simple Tasks: A Meta-Analytic Review of the Neural Mechanisms of Vigilant Attention. Psychol. Bull. 2013, 139, 870–900. [Google Scholar] [CrossRef] [PubMed]

	



Bradbury, N.A. Attention span during lectures: 8 seconds, 10 minutes, or more? Adv. Physiol. Educ. 2016, 40, 509–513. [Google Scholar] [CrossRef]

	



Frigout, J.; Laporte, R.; Lepresle, A. Modelling and Sporting Performance in Karate. J. Sport. Sci. 2017, 5, 332–339. [Google Scholar] [CrossRef]

	



Silva, L.M.; Neiva, H.P.; Marques, M.C.; Izquierdo, M.; Marinho, D.A. Effects of Warm-Up, Post-Warm-Up, and Re-Warm-Up Strategies on Explosive Efforts in Team Sports: A Systematic Review. Sport. Med. 2018, 48, 2285–2299. [Google Scholar] [CrossRef]

	



Li, J.; Soh, K.G.; Loh, S.P.; Luo, S.; Bashir, M.; Yu, X. Effect of post-activation potentiation on the sports performance of athletes: A systematic review. medRxiv 2023, 1. [Google Scholar] [CrossRef]

	



Garbisu-Hualde, A.; Santos-Concejero, J. Post-Activation Potentiation in Strength Training: A Systematic Review of the Scientific Literature. J. Hum. Kinet. 2021, 78, 141–150. [Google Scholar] [CrossRef]

	



Maroto-Izquierdo, S.; Bautista, I.J.; Rivera, F.M. Post-activation performance enhancement (PAPE) after a single bout of high-intensity flywheel resistance training. Biol. Sport 2020, 37, 343–350. [Google Scholar] [CrossRef]

	



Grady, M.W.O.; Young, W.B.; Talpey, S.W.; Behm, D.G. Does the warm-up effect subsequent post activation performance enhancement? J. Sport Exerc. Sci. 2021, 5, 302–309. [Google Scholar] [CrossRef]

	



Kilduff, L.P.; Finn, C.V.; Baker, J.S.; Cook, C.J.; West, D.J. Preconditioning strategies to enhance physical performance on the day of competition. Int. J. Sports Physiol. Perform. 2013, 8, 677–681. [Google Scholar] [CrossRef] [PubMed]

	



Blazevich, A.J.; Babault, N. Post-activation Potentiation Versus Post-activation Performance Enhancement in Humans: Historical Perspective, Underlying Mechanisms, and Current Issues. Front. Physiol. 2019, 10, 1359. [Google Scholar] [CrossRef] [PubMed]

	



Mandolesi, L.; Polverino, A.; Montuori, S.; Foti, F.; Ferraioli, G.; Sorrentino, P.; Sorrentino, G. Effects of physical exercise on cognitive functioning and wellbeing: Biological and psychological benefits. Front. Psychol. 2018, 9, 509. [Google Scholar] [CrossRef]

	



Ciria, L.F.; Perakakis, P.; Luque-Casado, A.; Morato, C.; Sanabria, D. The relationship between sustained attention and aerobic fitness in a group of young adults. PeerJ 2017, 2017, e3831. [Google Scholar] [CrossRef]

	



Hajar, M.S.; Rizal, H.; Kuan, G. Effects of physical activity on sustained attention: A systematic review. Sci. Med. 2019, 29, 32864. [Google Scholar] [CrossRef]

	



González-Fernández, F.T.; González-Víllora, S.; Baena-Morales, S.; Pastor-Vicedo, J.C.; Clemente, F.M.; Badicu, G.; Murawska-Ciałowicz, E. Effect of physical exercise program based on active breaks on physical fitness and vigilance performance. Biology 2021, 10, 1151. [Google Scholar] [CrossRef]

	



González-Fernández, F.T.; Castillo-Rodriguez, A.; González-Víllora, S.; Hortigüela-Alcalá, D. The Influence of a Warm-Up on Vigilance in University Students. Motor Control 2023, 28, 78–90. [Google Scholar] [CrossRef]

	



Abdelkarim, O.; Aly, M.; ElGyar, N.; Shalaby, A.M.; Kamijo, K.; Woll, A.; Bös, K. Association between aerobic fitness and attentional functions in Egyptian preadolescent children. Front. Psychol. 2023, 14, 1172423. [Google Scholar] [CrossRef]

	



McGowan, C.J.; Pyne, D.B.; Thompson, K.G.; Rattray, B. Warm-Up Strategies for Sport and Exercise: Mechanisms and Applications. Sports Med. 2015, 45, 1523–1546. [Google Scholar] [CrossRef]

	



Basner, M.; Dinges, D.F. Maximizing sensitivity of PVT to Sleep Loss. Sleep 2011, 34, 581–591. [Google Scholar] [CrossRef] [PubMed]

	



Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Lawrence Erlbaum Associates: Hillsdale, NJ, USA, 1988; Volume 2, ISBN 0805802835. [Google Scholar]

	



Chang, Y.K.; Labban, J.D.; Gapin, J.I.; Etnier, J.L. The effects of acute exercise on cognitive performance: A meta-analysis. Brain Res. 2012, 1453, 87–101. [Google Scholar] [CrossRef] [PubMed]

	



Vertonghen, J.; Theeboom, M. The social-psychological outcomes of martial arts practise among youth: A review. J. Sport. Sci. Med. 2010, 9, 528–537. [Google Scholar]

	



Johnstone, A.; Marí-Beffa, P. The effects of martial arts training on attentional networks in typical adults. Front. Psychol. 2018, 9, 80. [Google Scholar] [CrossRef]

	



Friedman, N.P.; Robbins, T.W. The role of prefrontal cortex in cognitive control and executive function. Neuropsychopharmacology 2022, 47, 72–89. [Google Scholar] [CrossRef]

	



Lebel, C.; Beaulieu, C. Longitudinal development of human brain wiring continues from childhood into adulthood. J. Neurosci. 2011, 31, 10937–10947. [Google Scholar] [CrossRef]

	



Stillman, C.M.; Esteban-Cornejo, I.; Brown, B.; Bender, C.M.; Erickson, K.I. Effects of Exercise on Brain and Cognition Across Age Groups and Health States. Trends Neurosci. 2020, 43, 533–543. [Google Scholar] [CrossRef]

	



Sanchez-Lopez, J.; Silva-Pereyra, J.; Fernandez, T. Sustained attention in skilled and novice martial arts athletes: A study of event-related potentials and current sources. PeerJ 2016, 2016, e1614. [Google Scholar] [CrossRef]

	



González-Fernández, F.; Etnier, J.L.; Ab Ala, M.Z.; Sanabria, D. Vigilance performance during acute exercise. Int. J. Sport Psychol. 2017, 48, 435–447. [Google Scholar] [CrossRef]

	



Toth, A.J.; McNeill, E.; Hayes, K.; Moran, A.P.; Campbell, M. Does mental practice still enhance performance? A 24 Year follow-up and meta-analytic replication and extension. Psychol.