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Introduction: Swimming is composed of several phases. One of them is done underwater in apnea. Although this phase takes an important part of the performance, it is not taught much because of the risk it entails. At the same time, learning apnea can reduce the fear of immersion and, thus, reduce the number of drownings. The pedagogy used in this paper comes from game theory. This paper tested an apnea game based on the agreement between self-prediction and realization of the task.

Methods: Considering the preliminary level of the 33 sports students involved, the game offered two choices: swimming apnea over 15 or 20 m with a distribution of payoffs depending on the actual achievement (15 m estimated and less than 20 m performed = + 3 points; 15 m estimated and at least 20 m realized = + 1 points; 20 m predicted and less than 20 m realized = + 2 points; 20 m estimated and at least 20 m realized = + 4 points).

Results and discussion: Concordance was favored over discordance, including in the swimmer’s comfort zone (15 m). Throughout six apneas the results showed that the structure of this game supports the improvement of the estimation of the distances swum. The “Concordance Game” could be offered in Physical Education or in a sports club to learn to swim a longer distance below the surface without forcing.
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Introduction

Human fascination and fear of water and apnea occur in every period of history and civilization. There is a major contradiction between the extraordinary human adaptations to immersion—bradycardia, decreased systolic ejection volume, peripheral vasoconstriction, splenic contraction in deep diving (Mayol, 1986)—and the terror associated with drowning, whether at school, in a swimming club or any other aquatic activity (Collard, 2018). It crosses more globally in Western history from the Middle Ages to the present (Chauvaud, 2007). This terror probably comes from the fact that underwater, even in a lighted and heated swimming pool, the external senses that usually ensure our safety are troubled. The view is blurry (Luria and Kinney, 1970), the field of vision is reduced, and sound travels five times faster while giving muffled signals (Kinney et al., 1970). The proprioceptive markers are also distorted (Counil et al., 2012; Ma, 2021). The kinesthetic sense is damaged. To be convinced, all you have to do is kneel at the bottom of a swimming pool (by draining enough air from your lungs) and try to put your arms horizontally with your eyes closed. By reopening them to control the horizontality of the arms, we might find that they are oblique—the pressure of the water (more than 800 times denser than air) distorts our sensations of movement. American swimmer, Mark Spitz, reported he was convinced that he was swimming with his arms outstretched before NASA’s pool cameras revealed that he was bending them during every underwater action (Counsilman, 1968). The labyrinthine sense is also disturbed. The human inner ear sends constant commands to the cerebellum to regain the surface (Silbernagl and Despopoulos, 2007), while evolution has endowed marine mammals with tiny semicircular canals to avoid “seasickness” in the submerged position (Thewissen, 2014). The change in the environment has disturbed our senses. It is, therefore, important to adapt to the changed proprioception and to learn new skills (Fitts, 1964).

As explained (Parlebas, 2008) in the lexicon of motor praxeology, game theory is a mathematical discipline that studies situations of confrontation or conflict from the perspective of rational decision-making. It is a theory according to which many situations are studied in order to define so-called optimal success strategies. This paper proposes to emphasize the motor action rather than the success strategy through the sporting game theory. Indeed, the aim here is to use sporting game theory as a pedagogical tool. Nobody clearly knows how to swim properly, and even fewer are able to perform an apnea for any length of time or depth, as the following examples show. When teaching swimming at school or in clubs, it is sometimes interesting to confront swimmers with immersion phases. However, from a safety point of view, this is quite challenging. In our research, we have observed an improvement in performance in dynamic apnea in students confronted with game theory, while respecting the safety rules of underwater activity.

During a pre-experimental phase realized at our university, 18 sports students in STAPS (Sciences and Techniques of Physical and Sports Activities) were estimated and then performed their maximum distance in dynamic apnea. With the exception of a few swimmers who exceeded 20 m, most swimmers returned to the surface at around 15 m. The oxygen saturation rate (O2)—measured 30 s before and 30 s after their apnea—reveals that the subjects only used up to 5% (SD = 2.3) of their O2 reserve during the dynamic apnea test (compared to 40% for a confirmed free diver measured with the same oximeter). Most students underestimate, therefore, their capacity to perform apnea.

The literature review identifying the estimation of swimming skills shows that young men are more optimistic in their estimations than young women (Howland et al., 1996; Gilchrist et al., 2000; Gulliver and Begg, 2005; Moran, 2006; MacCool et al., 2008). But these estimations are rarely verified in action or they are verified but indirectly. The difficulty is to measure aquatic performance without endangering participants (Fisher, 1981; Rudisill et al., 1993; Wiesner and Rejman, 2014; Martínez-Santos et al., 2020). In aquatic environments, knowledge of the potential gap between estimation and result of performances largely improves successful active pedagogy (Raudsepp and Liblik, 2002; Sollerhed et al., 2008; Blitvich et al., 2011; Stillwell, 2011; Wang et al., 2013). Additionally, protects from the risks of drowning (Rahman et al., 2009) and lowers the estimation of danger (Baker et al., 1993).

Most of the tests have been designed to measure skills in sports environments (over aquatic activities) and organized as a game for a player, referred to in a game theory as “play against nature.” These are stress tests and physical quality tests correlated to psychological and social variables (Sollerhed et al., 2008) or anthropometric data (Szczesny, 1983). These tests are also duels or strictly competitive play (where everything that one gains, and the other loses (Shubik, 2006; Parlebas, 2010). Based on performance through conflict, they are predisposed to risky behavior (Bay-Hinitz et al., 1994; Collard, 1998).

An analysis, proposed by Moran et al. (2012) via a role-playing game called “play against nature,” reveals a significant correlation between estimating and performing according to a surface swimming protocol. In the experiment, participants were asked if they were able to achieve different swimming tasks. It was a positive correlation for the following tasks: swim the farthest in 15 min, stay as long as possible on the surface while holding their breath, and swim 100 m in backstroke. They were also asked if they were able to swim underwater. Sixty-two percent of the participants answered that they could. Only 37% were really able to swim more than 20 m. The authors concluded that there is no correlation between the estimation of the performance and the reality of swimming 20 m in dynamic apnea (r = −0.134, Spearman’s rank correlation).

Another study (Collard et al., 2015) proposes a pure coordination game (Crawford and Haller, 1990) in which swimmers had to agree on the distance that they would swim underwater after diving into a swimming pool. The swimmers were not able to communicate with each other. To win the game, the swimmer had to surface at the same point as his partner. The results revealed that swimmers underestimate their competence when they are not subjected to a competitive challenge. In fact, they estimated their performances according to the Schelling point.

According to previous studies about game theory, strictly competitive games were sidelined (due to excessive risk-taking) as were games of pure coordination (by the lack of confrontation). The game of dynamic apnea (called “The Concordance Game” or CGame) using new skill experiences helps the external and proprioceptive stimuli to refine a body scheme (Ono and O’Reilly, 1971; Kerr, 1973; Parlebas, 1999; Berthoz, 2000).

The purpose of this paper is to improve dynamic apneas through game situations; improve self-awareness by confronting estimation of the degree of achievement (self-fulfilling prophecy) and the realization of actions (i.e., by swimming); and ensure the safety of swimmers by avoiding the risky maximal performance. Finally, this study aim at proposing a new tool that may be reinvested for swimming ability in sports training or Physical Education (Pelayo et al., 1999).



Materials and methods


Participants

Prior to the test, all subjects signed a written informed consent in accordance with the principles outlined in the Declaration of Helsinki in 1975. Participants were all sports science students at the school of sport sciences (i.e, Unité de Formation à la Recherche (UFR) STAPS) from the Université Paris Cité, France. Students were volunteers to participate in the CGame. The proposed swimming situations are part of their training cycle. Therefore, in case of an accident, students are insured by their university. An initial group of 53 male participants (18–20 years of age: x = 18.6; SD = 0.79), with the capability to swim at least 440 m in 10 min participated in this experiment. Thirty-three of the 53 participants are able to swim between 15 and 17.5 m underwater and are, therefore, selected to participate in the CGame (Table 1). The other 20 swimmers were not chosen because they had not reached the 15-m threshold or had already exceeded 20 m. None of the 33 swimmers recruited for the experiment had ever practiced apnea, either at school or in a sports club.


TABLE 1    Distribution of students according to the distance swum.
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Dynamic apnea game

To improve the apprehension of aquatic immersion by participants, the Concordance Game was proposed. The game was carried out in a swimming pool. The pool was 50-m long and 1.8-m deep. Moreover, there were no markers that could give information about the distance swum under the water surface. Placed next to the trunking, a plastic cone shows the 15 m and another the 20 m—only in view of the experimenter (and the swimmer’s when resurfaced). Each swimmer estimated the feasible distance they thought they could reach during apnea. Distances were restricted to 15 and 20 m. E15 and E20 refer to 15 and 20 m predictions, respectively. The start was underwater. When the swimmer resurfaced before 15 m, the game stopped, and the swimmer tried again without being penalized. When the swimmer exceeded 15 m and surfaced before 20 m, the trial was coded P15 (for “Perform 15 m”). A trial strictly or exceeding 20 m was coded P20 (for “Perform 20 m”). The following payoffs were known to everyone:


•E20-P20: the best estimation and performance, they scored four points.

•E15-P15: when the swimmer successfully performed their estimations, they scored three points.

•E20-P15: when the swimmer performed less than estimated they still pocketed two points, corresponding to a relative underperformance without compromising their security, an extremely important rule not to be neglected.

•E15-P20: when the swimmer performed more than estimated, they only scored + 1 point. This was the worst score because, in apnea, exceeding the estimated distances was potentially exceeding one’s limits (=danger).




Matrix 1. Payoffs associated with the two estimations (E15 and E20 for estimate 15 or 20 m) according to the performance swum (P15 and P20 for performance on 15 or 20 m).
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If swimmers were meaningful virtual players, they would first avoid the worst. The tactic of the lesser evil by playing E20, called “Maximin” (von Neumann and Morgenstern, 2007) allows scoring + 2 (i.e., by trying to swim as far as possible but unsuccessfully). By playing E15, a minimum profit could be obtained + 1. By playing E20, this minimum profit rose to +2 points (noted: Max (1, 2) = + 2). This choice was a reliable solution since it enabled the dominant strategy (E20, P20) = + 4 points: the optimal balance of the game. A bold estimate was, therefore, fostered. The “Minimax” tactic is defined by the minimum of the maximum satisfaction; it was given by Min (3, 4) = + 3. This Minimax also corresponded to a balance (E15, P15): resulting from a significant “comfort” strategy. This strategy was, however, less robust than (E20, P20). Nevertheless, greater consistency between estimations and realizations improved the scores (+3 and +4).

As swimmers had six trials in that game, the game did have a balance in mixed strategy (Nash, 1950): Let p be the probability of playing E15 and (1–p) the probability of playing E20. Then, the gain expectation if P15 is EP15 = 3 × p + 2 × (1–p) = p + 2 and the gain expectation if P20 was EP20 = 1 × p + 4 × (1–p) = 4–3p. To play the balance, we put EP15 = EP20, in other words, p + 2 = 4–3p; it came p = 1/2 and therefore EP15 = EP20 = 2.5 points. This result was better than Maximin but not as good as Minimax. It was assumed that q was the probability of P15 and (1–q) that of P20. Similarly, the equilibrium was in EE15 = EE20, i.e., 3 × q + 1 × (1–q) = 2 × q + 4 × (1–q). Then 2q + 1 = 4–2q, q = 3/4 (probability of playing P15—and therefore 1/4 the probability of P20—to obtain a score of 2.5 points). In other words, by deviating from the comfort zone: E15 with P15 (Minimax = + 3), the player loses only −0.5 points by playing every other E20 in the hope of succeeding (P20) only once in four times. Everything was done to give the swimmer confidence to take the risk over the longer distance (E20) without risk to the score (+2 if Maximin, +2.5 if the balance in mixed strategy, +4 if the balance in pure strategy: he, therefore, avoids the worst = + 1).

If the players acted like a well-programmed computer without problems of apnea or distance recognition, they would systematically play (E20, P20) to obtain the maximum score (+4). But what strategy will be implemented by swimmers? The caution of the Maximin (E20) with the possibility of a maximum score (when exceeding 20 m) counteracted the balance of the Minimax (E15). The Minimax appeared simpler in theory, but practically, this choice could have induced the worst score: + 1. The solution could have also been adopted by a mixed strategy (playing E15 half the time and based on the assumption of resurfacing in P15 three times out of four).



Measures

The experimentation took place over the following three sessions with 1 week between each.


(i)In the first session, an identical pre-test for selection is carried out for the 53 men. It simply consists of asking to “swim as far as possible underwater.” Starting in the water without equipment (except goggles), the swimmers go one by one. Distributed every 2.5 m on the poolside, pull buoys indicate distances from 5 to 25 m. Before starting their apnea, everyone must estimate the distance they will browse before resurfacing. There are no marks underwater. Then, once their maximum apnea has been achieved, the swimmers resurface and continue other crawl exercises (unrelated to the investigation) in the ancillary corridors. For each swimmer, the distance where he emerges as close as possible to the marks (pull buoys) is measured, making it possible to compare the predictions with the achievements (Figure 1). Swimmers have no feedback on their underwater performance and cannot trade right after. Exercise is perceived as part of their training of the day (these are sports students who prepare a performance in a 400-m crawl at the end of a cycle of 10 sessions: the pre-test is placed in the middle of this cycle and the middle of other exercises).
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FIGURE 1
Difference of distance at pre-test apneas between estimation and the real distance performed for both groups. Vertically, the number of swimmers. Horizontally, the distance is in meters. The homogeneity test confirms that the groups can be considered as belonging to the same population (Chi2 = 2.78, dof = 1, r = 0.1, NS). They are only underestimated, most often 5 m below the estimated distance.



(ii)In the second session, the game was explained to 33 selected swimmers from the CGame group. Each swimmer had six trials to perform—interspersed with other swimming exercises (mainly crawling). To motivate participants, the 10 overall best players obtained at the end of the game a bonus point on their swimming score. Each student had to write the prediction on the board before each trial. When they finished, the distance performed was written just beside their estimation. Results of each “estimate” (E) and “performance” (P) were reported in Matrix 2 (M2). The total results (6 × 33 = 198 estimations followed by 198 dynamic apnea measurements), and the intermediate results at each stage of the game were presented, in order to see the possible strategic evolution (Matrix M3-M4-M5-M6-M7-M8). The payout expectation was calculated at each stage of the game. For their part, six maximum dynamic apneas (interspersed with other crawl situations) were offered to the non-recruited group of 20 swimmers. To provide feedback on performances when swimmers were resurfacing, pull buoys were placed on the side of the pool. No other action was taken with them regarding apneas.

(iii)The third session consisted of a post-test: the 53 sports students reiterated the pre-test (Figure 2). The results between estimations and achievements were compared between swimmers who participated in the CGame swimmer’s session (n = 33) and residual swimmers (n = 20).
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FIGURE 2
Difference of distance at post-test apneas between estimation and the real distance performed for both groups. The homogeneity test shows that the groups are to be considered significantly different (Chi2 = 21.99, dof = 1, r < 0.001). We notice that 19 of the 33-CGame group swimmers achieved a perfect match between saying and doing (concordance). The remaining 14 CGame participants only deviated by a maximum of 2.5 m from the estimation. For the first time, there was overestimating (for six swimmers of the CGame group).





Results

Although their performance in maximum dynamic apnea was different, both the 33-CGame group and the 20 other students underestimated themselves during the first apnea (pre-test) in a way comparable to Chi2 with χ2 = 2.78, dof = 1, r = 1, difference not significant (Figure 1). A small proportion of swimmers managed to match prognosis and performance (5/53).

At the CGame itself, most swimmers first played Minimax = (E15, P15) = 49% (M2). Of the 198 passes, 36% played the optimum balance = (E20, P20), i.e., these players emerged to the surface at more than 20-m away, while none of the 33 swimmers selected reached this distance during the pre-test (Table 1). Concordant strategies are those whose estimated and performed swimming distances are the same. Conversely, discordant strategies are those whose estimated and performed swimming distances are different. During the game, concordant strategies were much more present than non-concordant strategies (E20, P15) and (E15, P20) which were observed in 13 and 2% of cases, respectively. In the end, the game itself yielded an average payout: EM2 = + 3.2 points per move, better than Minimax and Maximin, and less than the optimum balance in pure strategy (that a machine would have played).


Matrix 2. Distribution in the four strategies of Matrix 1 of the 198 trials.
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Strategies tended to evolve during the game. At the first step of the game (Matrix 3), the swimmers remained in their comfort zone [29 of the 33 players played (E15, P15)]. Only four of them—due to a lack of underwater landmarks—surfaced too far, beyond 20 m, and obtained the worst score = + 1. This fear of the worst gradually affected the whole group. Between Matrix 3 and Matrix 5, more than a dozen swimmers moved away from E15, and none were trapped in (E15, P20) = + 1. The expectation of gain increased significantly, from + 2.7 points in M3 to +2.9 points in M4 and M5. In M5, the swimmers’ way of playing was similar to the one given by Nash’s balance (p = 1/2 and q = 3/4, E = + 2.5).


Matrices 3, 4, and 5. Evolution of strategies during the first three trials of the game.
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In the middle of the game (Matrix 6), the distribution of strategies was more diverse than at the beginning (Matrix 3) and the end (Matrix 8). Henceforth, this distribution moved away from the probabilities rendered by the calculation (and observed in Matrix 5). In Matrix 6, it was rather p = 1/3 (11/33) and q = 1/2 (17/33). Symptomatic of greater self-confidence, Matrix 6 corresponds to the moment when more students chose the E20 tactic rather than the E15. The game switched at this time. The expectation of gain gains: EM6 = + 3.3: EM7 = + 3.5, EM8 = + 3.7. Players did better than the theoretical mixed balance gives. The improvement in the expectation of gain was also due to the gradual disappearance of divergent strategies [a single strategy: (E20, P15) in Matrix 8]. Comforted by a game mechanic that was benevolent toward risk (swimming over 20 m), most players ended up playing (E20, P20): 24 of the 33 swimmers in Matrix 8, whereas none of the 24 surfaced at 20 m during the first session.


Matrices 6, 7, and 8. Evolution of strategies during the last three trials of the game.
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At the end of the game, during the post-test, the CGame group progressed in the estimation of the distances swum in apnea unlike the non-recruited group which stagnated (Figure 2). When there were differences, they were only underestimated for the CGame group (Figure 3). The CGame did influence the estimation of apneas.
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FIGURE 3
Difference between prediction and maximum pre-test and post-test apneas for the CGame group. The differences before and after the exercise of the CGame are significant (Chi2 = 41.82, dof = 1, r < 0.001). The conjunctions between saying and doing are much closer at the end of the game.




Discussion and conclusion

The present study reported significant progress in apnea performance in the CG group, but no evolution had been reported for the residual group. In addition, the best swimmers also improved their performance after six repetitions of maximum apneas. For each performance level, we could enlarge a suitable CGame, with E20 and E25 for the best and E10 and E15 for swimmers with fewer capabilities.

The most surprising result of this study is probably a lack of progress. The difference between estimated and performed apneas of the residual group is equivalent (except for one swimmer) before and after having done six maximum dives without instructions (Figure 1 vs. Figure 2). This lack of progress contrasts with the results obtained thanks to the implementation of the CGame (Figure 3). To match the predictions and achievements, all the CGame players reported adopting a strategy of counting the number of strokes in an attempt to match the predictions and achievements. For example, eight movements in breaststroke from the wall to 15 m followed by three additional ones to pass the 20 m. This objectification of underwater distances is very classic in sports swimming. Thus, Michael Phelps systematically made 10 undulations after each dive to reach the surface at the 15-m buoy (beyond which he would have been disqualified). In aquatic environments, visual cues are subordinate to kinesthetic information (Collard et al., 2007). It seems that in the absence of a challenge, control of movements by counting failed. Thus, at the post-test, no swimmers from the residual group declared to have counted their arm strokes.

The strategic evolution at the CGame for the 33 swimmers is quite close to rational behavior. The swimmers started by playing Minimax (+3). Then, some swimmers moved away from it by playing Nash’s balance in mixed strategy (p and q close to 1/2 and 3/4 in M5). They sometimes lost but never fell below + 2 (Maximin). The expectation of gain had not even stopped rising. Finally, almost all of them had oriented themselves toward the optimum balance in pure strategy (+4). The mechanics of the game have shaped behavior—like a prisoner’s dilemma (Tucker and Straffin, 1983) that invites admission of the crime, even if nothing has been committed, or a Dove vs. Hawk (Dawkins and Davis, 1976; Binmore, 1992) that induces the survival of conciliatory behaviors in the middle of the power struggle. The master of the game is not the master or the player but the game. As a result, the CGame seems to us to be an interesting pedagogical tool for those who want to provoke progress between estimates and realizations of apneas.

The objective of the CGame is to adjust the participants’ body scheme to the underwater space to ensure safety. Drownings are most often the result of a lack of awareness of their potential for action. Syncope is linked to a physiological characteristic of the human species (Silbernagl and Despopoulos, 2007). Hyperventilation—even if not forced—which usually prepares apnea, significantly reduces the level of carbon dioxide (CO2) in the blood but almost does not increase the level of oxygen (O2). However, the physiological mechanism that makes you want to breathe again at the surface (diaphragm spasm) is the level of blood CO2 which is too high. In fact, while the CO2 tolerance threshold has not yet been reached, the O2 level may be too low, and the body goes into standby. If the swimmer is alone at the pool, drowning is guaranteed. It is, therefore, essential to get to know your own dynamic apnea abilities, and to objectify the relationship to underwater space—by counting, for example, the number of strokes in dynamic immersion before going up. This is what the exercise of the CGame led to, without being imposed. Additionally, the experimental game theory is undoubtedly a promising tool to cross perceptions with motor skills.

One of the possible approaches of our study can be done by the 360° approach used (Lavega-Burgués et al., 2020; Martín-Martínez et al., 2021). Through an observational methodology and T-Patterns, we could find out differences pre–post test throughout the temporal distributions events (Pic et al., 2022).

We used a pedagogy aimed at improving students apnea swimming performance. Indeed, the objective was not only to teach values about safety in the water but also to help them improve their performance. To meet these needs, the use of motor praxeology introduced by Pierre Parlebas with the theory of sports games allowed the swimmers to evolve. Indeed, at the beginning of the cycle most of the students overestimated their ability to swim underwater (this is a problem in view of the danger of apnea, if the swimmer is unable to swim what he/she has estimated then the risk of drowning is increased), this tendency was reversed at the end of the cycle. In parallel with the improvement in the estimation of their underwater swimming ability, swimmers saw their underwater swimming distance increase. The “Concordance Game” could be offered as a pedagogical tool in Physical Education or a sports club to learn to swim a longer distance below the surface without forcing and with respect for the safety rules.

To conclude, in view of the results obtained from “The Concordance Game,” we can say that it is an interesting pedagogical tool. It allowed the students to improve their dynamic apnea performance, by knowing more about their limits and by avoiding working in an unsafe way.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. The patients/participants provided their written informed consent to participate in this study.



Author contributions

LC designed and directed the project and performed the experiments. DV directed the project and developed the theoretical framework. DH wrote and translated the article. All authors thought about the method and discussed the results.



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.



References

Baker, S. P., O’Neill, B., Ginsburg, M. J., and Li, G. (1993). The injury fact book. Am. J. Epidemiol. 137, 117–119. doi: 10.1093/oxfordjournals.aje.a116594

Bay-Hinitz, A. K., Peterson, R. F., and Quilitch, H. R. (1994). Cooperative games: A way to modify aggressive and cooperative behaviors in young children. J. Appl. Behav. Anal. 27, 435–446. doi: 10.1901/jaba.1994.27-435

Berthoz, A. (2000). The brain’s sense of movement. Cambridge, MA: Harvard University Press.

Binmore, K. (1992). Fun and games: A text on game theory Lexington. Lexington, MA: D.C. Heath and Company.

Blitvich, J., Petrass, L., Moran, K., and McIlroy, G. K. (2011). Real and perceived swimming competence among young adults in Australia. Available Online at: http://hdl.handle.net/2292/10939 [accessed March 18, 2022].

Chauvaud, F. (2007). Corps submergés, corps engloutis: Une histoire des noyés et de la noyade de l’Antiquité à nos jours. Buffalo, NY: Amherst Media, Inc.

Collard, L. (1998). Sports, enjeux et accidents. Paris: Presses Universitaires de France.

Collard, L. (2018). La 5e nage. The fifth stroke. Paris: Amphora.

Collard, L., Fantoni, C., Oboeuf, A., and Ait-Said, É. D. (2015). Fear versus taste for the apnea at the schelling-point game in the swimming pool. J. Sports Sci. 3, 127–133. doi: 10.17265/2332-7839/2015.03.003

Collard, L., Oboeuf, A., and Ahmaidi, S. (2007). Motor skills transfer from gymnastics to swimming. Percept. Mot. Skills 105, 15–26. doi: 10.2466/pms.105.1.15-26

Counil, L., Kerlirzin, Y., and Dietrich, G. (2012). Cognitive style in attainment of an upside-down posture in water with and without vision. Percept. Mot. Skills 114, 51–58. doi: 10.2466/04.05.PMS.114.1.51-58

Counsilman, J. E. (1968). The science of swimming. Hoboken, NJ: Prentice Hall.

Crawford, V. P., and Haller, H. (1990). Learning how to cooperate: Optimal play in repeated coordination games. Econom. J. Econom. Soc. 58, 571–595. doi: 10.2307/2938191

Dawkins, R., and Davis, N. (1976). The selfish gene. London: Oxford University Press. doi: 10.4324/9781912281251

Fisher, J. C. (1981). Reduce young children’s fear of water. J. Phys. Educ. Recreat. 52:11. doi: 10.1080/00971170.1981.10629112

Fitts, P. M. (1964). “Perceptual-motor skill learning11this chapter is based in part on research supported by the U. S. Air force, office of scientific research, under contract No. AF 49 (638)-449,” in Categories of human learning, ed. A. W. Melton (Cambridge, MA: Academic Press), 243–285. doi: 10.1016/B978-1-4832-3145-7.50016-9

Gilchrist, J., Sacks, J. J., and Branche, C. M. (2000). Self-reported swimming ability in US adults, 1994. Public Health Rep. 115, 110–111.

Gulliver, P., and Begg, D. (2005). Usual water-related behaviour and ‘near-drowning’ incidents in young adults. Aust. N. Z. J. Public Health 29, 238–243. doi: 10.1111/j.1467-842X.2005.tb00761.x

Howland, J., Hingson, R., Mangione, T. W., and Bell, N. (1996). Why are most drowning victims men? Sex differences in aquatic skills and behaviors. Am. J. Public Health 86, 93–96. doi: 10.2105/AJPH.86.1.93

Kerr, R. (1973). Movement time in an underwater environment. J. Mot. Behav. 5, 175–178. doi: 10.1080/00222895.1973.10734962

Kinney, J. A. S., Luria, S. M., Weitzman, D. O., and Markowitz, H. (1970). Effects of diving experience on visual perception under water. Fort Belvoir, VA: Defense Technical Information Center. doi: 10.21236/AD0706325

Lavega-Burgués, P., Luchoro-Parrilla, R. A., Serna, J., Salas-Santandreu, C., Aires-Araujo, P., Rodríguez-Arregi, R., et al. (2020). Enhancing multimodal learning through traditional sporting games: Marro360°. Front. Psychol. 11:1384. doi: 10.3389/fpsyg.2020.01384

Luria, S. M., and Kinney, J. A. S. (1970). Underwater vision. Science 167, 1454–1461. doi: 10.1126/science.167.3924.1454

Ma, X. (2021). “The principle, method and effect of imagery practice in swimming teaching in colleges and universities,” in Proceedings of the 2021 international conference on computers, information processing and advanced education (CIPAE), (Ottawa: IEEE), 107–110. doi: 10.1109/CIPAE53742.2021.00034

MacCool, J., Moran, K., Ameratunga, S., and Robinson, E. (2008). New Zealand beachgoers’ swimming behaviours, swimming abilities, and perception of drowning risk. Int. J. Aquat. Res. Educ. 2:2. doi: 10.25035/ijare.02.01.02

Martínez-Santos, R., Founaud, M. P., Aracama, A., and Oiarbide, A. (2020). Sports teaching, traditional games, and understanding in physical education: A tale of two stories. Front. Psychol. 11:581721. doi: 10.3389/fpsyg.2020.581721

Martín-Martínez, D., Lavega-Burgués, P., Salas-Santandreu, C., Duran-Delgado, C., Prat, Q., Damian-Silva, S., et al. (2021). Relationships, decisions, and physical effort in the marro traditional sporting game: A multimodal approach. Int. J. Environ. Res. Public. Health 18:10832. doi: 10.3390/ijerph182010832

Mayol, J. (1986). Homo delphinus - The dolphin within man. Grenoble: Glénat.

Moran, K. (2006). Re-thinking drowning risk: The role of water safety knowledge, attitudes and behaviours in the aquatic recreation of New Zealand youth. Available Online at: https://mro.massey.ac.nz/handle/10179/642 [accessed March 17, 2022].

Moran, K., Stallman, R., Kjendlie, P.-L., Dahl, D., Blitvich, J., Petrass, L., et al. (2012). Can you swim? An exploration of measuring real and perceived water competency. Int. J. Aquat. Res. Educ. 6, 122–135. doi: 10.25035/ijare.06.02.04

Nash, J. F. (1950). Equilibrium points in n-person games. Proc. Natl. Acad. Sci. U.S.A. 36, 48–49. doi: 10.1073/pnas.36.1.48

Ono, H., and O’Reilly, J. P. (1971). Adaptation to underwater distance distortion as a function of different sensory-motor tasks. Hum. Factors 13, 133–139. doi: 10.1177/001872087101300205

Parlebas, P. (1999). “Les tactiques du corps,” in Approches de la culture matérielle - Corps à corps avec l’objet connaissance des hommes, eds M.-P. Julien and J.-P. Warnier (Paris: L’Harmattan), 29–43.

Parlebas, P. (2008). Juegos, deporte y sociedades. Léxico de praxeología motriz. Barcelona: Editorial Paidotribo.

Parlebas, P. (2010). Modélisation mathématique, jeux sportifs et sciences sociales. Math. Sci. Hum. Math. Soc. Sci. 191, 33–50. doi: 10.4000/msh.11861

Pelayo, P., Maillard, D., and Rozier, D. (1999). De la natation au collège et au lycée. Paris: Revue Education Physique et Sport.

Pic, M., Navarro-Adelantado, V., and Jonsson, G. K. (2022). “Researching through T-pattern analysis to reduce the triad motor game complexity,” in Handbook of research on using motor games in teaching and learning strategy, ed. P. Gil-Madrona (Hershey, PA: IGI Global), 45–62. doi: 10.4018/978-1-7998-9621-0.ch003

Rahman, A., Mashreky, S. R., Chowdhury, S. M., Giashuddin, M. S., Uhaa, I. J., Shafinaz, S., et al. (2009). Analysis of the childhood fatal drowning situation in Bangladesh: Exploring prevention measures for low-income countries. Inj. Prev. 15, 75–79. doi: 10.1136/ip.2008.020123

Raudsepp, L., and Liblik, R. (2002). Relationship of perceived and actual motor competence in children. Percept. Mot. Skills 94, 1059–1070. doi: 10.2466/pms.2002.94.3c.1059

Rudisill, M. E., Mahar, M. T., and Meaney, K. S. (1993). The relationship between children’s perceived and actual motor competence. Percept. Mot. Skills 76, 895–906. doi: 10.2466/pms.1993.76.3.895

Shubik, M. (2006). The theory of money and financial institutions: A summary of a game theoretic approach. Rochester, NY: Social Science Research Network.

Silbernagl, S., and Despopoulos, A. (2007). Taschenatlas physiologie. Stuttgart: Georg Thieme Verlag.

Sollerhed, A.-C., Apitzsch, E., Råstam, L., and Ejlertsson, G. (2008). Factors associated with young children’s self-perceived physical competence and self-reported physical activity. Health Educ. Res. 23, 125–136. doi: 10.1093/her/cym010

Stillwell, B. E. (2011). Best practices for teaching those afraid in water. Online Submiss. 8, 249–255.

Szczesny, S. (1983). “Dynamique du développement de qualités motrices d’élèves du cycle secondaire,” in Institut national du sport et de l’éducation physique, ed. B. Sergent (Paris: Institut national du sport, de l’expertise et de la performance), 125–130.

Thewissen, J. G. M. H. (2014). The walking whales: From land to water in eight million years. Berkeley, CA: University of California Press.

Tucker, A. W., and Straffin, P. D. (1983). The mathematics of tucker: A sampler. Two Year Coll. Math. J. 14, 228–232. doi: 10.1080/00494925.1983.11972687

von Neumann, J., and Morgenstern, O. (2007). Theory of games and economic behavior: 60th anniversary commemorative edition. Princeton, NJ: Princeton University Press. doi: 10.1515/9781400829460

Wang, J., Liu, W., and Bian, W. (2013). Relationship between perceived and actual motor competence among college students. Percept. Mot. Skills 116, 272–279. doi: 10.2466/25.06.PMS.116.1.272-279

Wiesner, W., and Rejman, M. (2014). Risk management in swimming education. Int. J. Aquat. Res. Educ. 8:5. doi: 10.25035/ijare.08.02.05



OPS/xhtml/Nav.xhtml




Contents





		Cover



		The concordance game: A simple tool to estimate breath hold swimming performance and to teach dynamic apnea



		Introduction



		Materials and methods



		Participants



		Dynamic apnea game



		Measures









		Results



		Discussion and conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher’s note



		References

















OPS/images/fpsyg-13-1046533-t005.jpg
M6
E15

E20

P15| P20
11| 0

M8
E15
E20

P15| P20
810
1|24






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

The concordance game:
A simple tool to estimate breath
hold swimming performance
and to teach dynamic apnea





OPS/images/fpsyg-13-1046533-t004.jpg
M3 | P15 [ P20 M4 | P15 [ P20 ] M5 | P15 [ P20

E15] 29 | 4 — E15]/23] 1 | —) E15| 18 [ 0

E20| 0 0 E20| 5 4 E20| 9 6






OPS/images/fpsyg-13-1046533-t003.jpg
M2 P15 P20
E15 97 (49%) 5 (2%)
E20 25(13%) | 71 (36%)







OPS/images/fpsyg-13-1046533-t002.jpg
M1 P15 P20
E15 +3 +1
E20 +2 +4







OPS/images/fpsyg-13-1046533-t001.jpg
Distance (m) 5 7.5 10 12.5 15 17.5 20 22.5 25 >25

Number of students 0 0 0 9 18 15 9 1 0 1

Only the 33 sports students highlighted are selected for the CGame.










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







OPS/images/fpsyg-13-1046533-g002.jpg
Number of students

20

18

16

14

12

10

(@)

B

N

-12,5

-10 -5

-2,5

Distance (m)

m Control group mCGame group

0 2,3

’





OPS/images/fpsyg-13-1046533-g001.jpg
14

Number of students
= -
S (@) 00 o N

N

-12,5

-10 -5 -2,5 0

’

Distance (m)

m Control group m CGame group

2,5





OPS/images/fpsyg-13-1046533-g003.jpg
Number of students

20

18

16

14

0o

(@)

H

N

-12,5

-10 -5

-2,5

Distance (m)

m CGame pre-test

m CGame post-test

0






OPS/images/cross.jpg
@ Check for updates.





