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Abstract:

Experimental game theory explores decisions-making intelligence in simulated laboratory scenarios that engage
participants’ imagination. However, do choices differ when subjects face real-life situations? and decisions when
subjects are exposed to the real life? Hence, the objective of this study was to determine the effect of physical
involvement on decision-making. Therefore, this study aimed to assess the impact of physical engagement on
decision-making. Fifty-eight athletes competed in a paradoxical motor game, the Alligator Game, conducted
underwater in a swimming pool. Depending on whether they broke the surface before or after a line 15 meters
from the wall, they won a certain number of points according to a matrix known to them. During the
confrontation, the players were either row-players or column-players (depending on their choice in the matrix).
Depending on what type of player they’ve chosen, they had tactics to maximize their number of points won.
They could, if they wanted to stay in static apnea (like an alligator), to see the decision taken by their opponents
in order to choose the best move. Participants also played this game beforehand in the locker room (what would
they do theoretically if they were confronted to this situation?). Statistical analyses of the 174 water
confrontations showed that (i) alligator players did not consistently apply the best tactic (Nash’s equilibria), (ii)
the best players did not play as they had announced in theory. The best free divers maximized their earnings by
forcing the decisions of the other players. In conclusion, decisions made were, above all, subordinated by the
person’s ability to put them into place: “without technique, no tactics”.

Key Words: Decision-making, Motor game, Game theory, Aquatic apnea, Sports science students, Bodily
stake

Introduction:

The success of the game theory comes from its multiple fields of investigation: military, political,
economic, species evolution, etc. The human and social sciences have also widely exploited the potential of this
mathematical theory of interactive decision-making (Binmore, 2008; Shubik, 1982). Confronting by computer a
dozen strategies over 200 moves, Axelrod (Axelrod, 1997) showed that the “vivre et laisser vivre” (tit-for-tat)
from (Rapoport, 2012) is the best way to act within the Prisoner’s dilemma (Tucker, 1983). Axelrod presented
this dilemma as the archetype for many social situations including the trench warfare of World War 1. In the
evolutionary theory, (Dawkins, 1976) Dawkins went so far as to claim that the repeated game of “Hawk vs.
Dove” (Aradhye et al., 2017) was the most important discovery of Darwin’s work (Darwin, 1859). Dawkins
explained how dominated species survive in a stable manner (i.e., evolutionarily stable strategy) amidst
dominant species. “Nice Guys Finish First” was Dawkins’ title, going against the grain of current ethological
knowledge.

In the last few years, studies in experimental game theory (Crawford, 2002) have readjusted the focus
by introducing variables that were more subjective to the game’s resolution. The effects of norm conformity
(Harsanyi, 1975; Moffitt, 2017), group context (Burns et al., 2017), in-group reputation (Obayashi, 2018; Ren et
al., 2018; Roddie, 2019), emotions perceived on the faces of other players (Eckel & Wilson, 2003), affects
mobilized in the social decision-making (Sanfey, 2007), but also the effects of gender (Schwartz-Shea, 2002)
and age (Sutter & Kocher, 2007), introduce a finer granularity to the analysis.

However, the physical involvement has very rarely been considered (Parlebas, 2005) and when it was
the case, the engaged motricity was close to that of esports (Braun et al., 2009). This is nonsensical for games
that lead to years in prison (The Nash’s Prisoner’s Dilemma), affect life expectancy (Chicken run game; (Xia,
2018)) or lead to the disappearance of a species (Hawk vs. Dove,; Aradhye et al., 2017). In many common human
interactions, decision-making can be disturbed by the presence of bodily stakes. A stake is what is bet at the start
of the game play (i.e., in sport or a game) or a situation (i.e., for other everyday personal and professional
contexts) — voluntary or not — that which one tries not to lose. In actuarial mathematics (e.g, used as a basis for
insurance calculations), the risk is the stake multiplied by its probability of occurrence (Said, 2016).

Aquatic apnea presents a recognized physical stake (Ganchar et al., 2018; Ildikoé et al., 2017; Monteiro
et al.,, 2021; Muth et al., 2005). It is part of such sports where mastery allows the acquisition of a skill-set
favorable to personal safety against the risk of drowning (McCool et al., 2008; Scurati et al., 2019; Stallman et
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al., 2017). During a pre-experiment at their university, eighteen sports science students (students in physical
education) were asked to achieve their maximum distance underwater. Except for a few, the swimmers did not
exceed 20 meters (m) and most surfaced around 15 m. The measurement of their oxygen (O,) saturation rate —
10 seconds before and 10 seconds after the apnea — revealed that these young people had only used up 5% (SD =
2.3) of their O, reserves during their underwater trajectory compared to 40% for a confirmed freediver. Hence,
students were not lucid on their dynamic possibilities of action in immersion and their body’s involvement in the
activity disrupts perceptions. These results corroborated with previous results obtained in 373 physical education
students in dynamic apnea pool challenges (Moran et al., 2012). However, can mastering dynamic apnea can
improve the rationality choices taken when faced with incertitude?

In this context, the present study aimed at determining the effect of physical involvement on decision-
making during a dynamic apnea game: the Alligator game. The main hypothesis is that motor intelligence (the
correctness of choices made in motor action) is subordinated to the bodily stake. The secondary hypotheses are:
(i) the ways of playing are discordant according to whether there is a bodily stake (play out of the water vs. play
underwater in apnea); (ii) when the objective risk is better understood — by expert freediver — decisions are more
rational; (iii) when it is less understood — by beginner freediver — decisions in the water are more absurd.

Material & methods
Procedure
Swimmers competed round by round in the swimming pool. They had swum in pair, each in a 2.5
meters (m) wide corridor. Placed at the bottom of the water, an object represents the 15 m line from the starting
wall. Fins on the feet, all swimmers left at the same time on a signal (Figure 1). They could only move
underwater. Depending on whether they emerged before or after the 15m line, they won points according to a
matrix (Figure 2) known to them. The game was repeated 6 times. The players alternatively played row-player or
column-player (according
w;f—'.‘ p

Fig. 1. The Alligator game. Photo (A): game on. On the left is the player 1 (row-player). To the right is the
player 2 (column-player). Photo (B): during the first 15 meters. Photo (C): decision-making. Photo (D):
unveiling of the game. The row-player went up after 15 m and got 4 points. The player 2 broke the surface
before the 15m line (C) and got 2 points.

Attribution of points during the dynamic apnea game:

1/ If the both swimmers surface before the 15m line (Figure 2, M=(1,1)): the row-player gets 2 points and the
column-player gets 3 points.

2/ If row-player swims >15m apnea whilst the column-player surfaces before the 15m (Figure 2, M= (2,1)), their
scores are improved: +4 points for the row-player and +2 points for the column-player.

3/ If both swimmers surface after the 15m (Figure 2, M= (2,2)), the row-player gets 1 point and the column-
players gets the best score possible (i.e., 4 points).

4/ If row-player swims <I15m apnea, whilst column-player swims >15m apnea (Figure 2, M= (1,2)), the row-
player gets 3 points and the column-player gets 1 point.

Column-player
Matrix < 15m Apnea | > 15m Apnea
< 15m Apnea |M(1,1) =(2,3) | M(1,2) = (3,1)
> 15m Apnea [ M(2,1) = (4,2) [ M(2,2) = (1,4)
Fig. 2. Payoffs associated for the tactic chosen. The first number in each parenthesis corresponds to the payoff
of the row-player, the second to the payoff of the column-player. The matrix is unsymmetrical. With each
combination, one of the two players is unsatisfied. We owe this dilemma type matrix or paradoxical game to the
mathematician Marc Barbut (Barbut, 1968).
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If freedivers were logical virtual players, they would foremost avoid the worst-case scenario. The tactic
of “lesser evil”, called Maximin by Von Neumann and Morgenstern (von Neumann & Morgenstern, 1944) is, for
the two swimmers, Max(+1, +2) = +2. This allows the player to escape the worst score: +1. The combination of
both Maximin tactics leads to the following play: a = (‘<15m apnea’, ‘<15m apnea’) = (+2, +3). This strategy is
not balanced, and the row-player would gain to change tactics if the column-player maintains his surfacing
before the 15 m. The Minimax, on the other hand, is defined by the minimum of maximum satisfaction; it is
given by Min(+3, +4) = +3. Simultaneous search of this Minimax also finishes with a = (+2, +3). In this game,
prudent behavior is neither satisfying nor balanced.

As a true vicious circle, the Alligator game does not offer a Nash Equilibrium (Nash, 1950) in pure
strategy. As the game is repeated, there is necessarily an equilibrium in mixed strategy. Let p, the probability of
playing ‘<I5m apnea’ and (1 — p) that of playing ‘<15m apnea’ for the column-player. So, the expected (E)
returns of the row-player if they play ‘<15m apnea’ is £ <15m = 2p + 3(1 — p) = 3 — p. And their expected
returns if “>15m apnea’ is £ >15m = 4p + 1(1 — p) = 3p + 1. To play for a break-even, £ <15m = E >15m,
otherwise put 3p + 1 =3 — p ; it occurs that p = Y2 and so E <I5m = E >15m = +2.5 points in favor of the row-
player. Similarly, if ¢ is the probability that the row-player surfaces before the 15 m and (1 — g) the probability
that they pass it, the break-even occurs with g = % to obtain a score of +2.5 points for the column-player.

If the freedivers behave as programmed machines in order to win the game — having neither apnea problems, nor
problems decrypting the matrix — they would surface before the 15m line one time out of two.
Study participants

The quasi-experimental procedure conformed with the declaration of Helsinki and had been approved
by the institutional review board of the Paris Cité university. The 58 subjects gave informed consent to
participate. The swimmers who participated to the experimentation were all male and the mean age were 18.8
(SD = 0.6) years old. They were sports sciences (i.e., UFR STAPS) students from the university. The
measurements were taken at the beginning of the university year; the students did not know each other. Of
similar and average competitive swimming ability (they could all swim a 400 m in front crawl between 7’30 and
9 minutes), they were all able to swim 15 m underwater equipped with flippers.

Measurements

The data were analyzed according to a base of 5 indicators that generated 12 active variables. These
were analyzed using Percentage of Maximum Deviation from independence (PMD) developed by Cibois
(Cibois, 1982, 2006). This statistical technique is close to the “Chi2 maximum” percentage but differs in the
following points: (i) the values of the independence deviations are not squared — to distinguish from the other
variables with positive ties, and (ii) the deviations are not reduced by their independence values — to avoid that
the sample size influences the attraction strength between variables. The PMD generates a Factorial Analysis
TRI2 — a kind of factor analysis, where the variables with the strongest contribution factor are linked in pairs (by
a full line) on the vector plane. A logistic regression completes the analysis by cross-examining the explanatory
factors.

Alligator gameplay in locker-room

The players started the game by answering a questionnaire that also revealed the matrix (Figure 2):
“What tactic out of the following two would you play if the game was repeated several times against different
opponents that you do not know? Answer only by giving a probability of playing one tactic rather than another.”
Even if it means the same, the questionnaire expected an answer depending on whether they were a row-player
or a column-player. We could then compare the strategies chosen without bodily risk to those chosen once in
action. When the choice made in the locker-room was confirmed in the swimming pool (if the deviation was not
more than 1/3 (33.34%) between what it was said and what was done) it referred to the theorical concordance
(TCONC). Otherwise, the choice made referred to the theorical conflict (TCONF).

Alligator gameplay in the swimming pool

The 58 swimmers each played 6 times against different randomly selected opponents. In order to avoid
observations that could influence the player’s future gameplay, when players were not called to play Alligator
Game, they were occupied with numerous swimming exercises in a different pool, visually cut-off from the
experiment. During these swimming exercises, the maximum dynamic apnea distance was tested for each
swimmer. We coded Limited Apnea (LA) for those who swam underwater from 0 to a maximum of 20 m with
flippers. We code Apnea Comfort (AC) for those who swam more than 20 m but less than 25 m. We code 4Apnea
Perform (AP) for the swimmers abled to break the surface after 25 m of underwater swim.

Order of surfacing

Even though the game was described as “simultaneous”, observations showed that in sifu, swimmers
never surfaced at exactly the same time. There were those who surfaced first (coded S1) and those who surfaced
second (coded S2). This factor, specific to motor performance, was likely to interfere with game resolution.
Good and bad scores

With a balanced result, the swimmers could expect on average +2.5 points. We considered bad score
(BS), scores lower than this average (lower limit of 1); and good score (GS) those that were over or equal to it
(higher limit of +4).
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Rationality of motricity strategy

If swimmers resurfaced before 15m line two, three or four times out of six, considering the relative
proximity to the balanced strategy (1 out of 2 time), they were arbitrarily coded Nashian Play (NP). If they
resurfaced five or six times out of six before the 15 m, they were Maximin Play (MP) in reference to the
aforementioned theory of Maximin (which calls for a player to surface 6 times out of 6 before the 15 m: by
alternating row-player and column-players, we note than the expected gain is Eyxmuy = (3*%2 + 3*3)/6 = +2.5
points, equal to that given by Nash). To finish, if they resurfaced five or six times after the 15m, we classified
these swimmers as [rrational Play (IP) to indicate that they were playing with fire, risking the worst score (+1)
in the hope for the best (+4).

Results

The percentages of maximum deviation between performance in the Alligator game and choices of
freedivers

The Figure 3 presents the significant (>10%) and positive PMD. The bad scores obtained during
Alligator Game (BS) were correlated with surfacing before the adversary (S1, 86.2%) and to playing the “lesser
evil” as described by Von Neumann (MP, 46.2%). Precision must be assured so that the percentages given here
did not correspond to the total percentage of players (N = 58), but to the maximum deviation from the
independence of the players, equally shared across 4 other variables. The good scores (GS) were strongly tied to
the quality of dynamic apnea (AP, 100%) as well as to playing second (S2, 86.2%). Playing contrary to game
theory recommendations (IP) allowed players to often obtain 2.5 points or more on each turn (GS, 45.5%).

PAYOFF1 = BS
S1 MP TCONC LA AC
86.2 46.2 36.8 33.3 31.0
PAYOFF2 = GS
AP S1 IP TCONF NP
100.0 86.2 45.5 36.8 333
STRATEGY1 = MP
S1 BS LA TCONC
46.2 46.2 39.6 29.6
STRATEGY2 = NP
S2 GS AP TCONF
33.3 33.3 21.6 17.5
STRATEGY3 = IR
GS S2 AC AP
45.5 45.5 27.3 16.1
APNEA1 = LA
S1 MP BS
46.7 39.6 333
APNEA2 = AC
TCONC BS IP S1
47.4 31.0 27.3 17.2
APNEA3 = AP
GS S2 TCONF NP P
100.0 85.7 46.9 21.6 16.1

Fig. 3. Percentages of maximum deviation. Ties interlinking variables (those chosen or experienced by the
same players). BS= Bad Score; GS= Good Score; MP= Maximin Play, NP= Nashian Play; IR=IP= Irrational
Play; LA=Limited Apnea; AC= Apnea Comfort; AP= Apnea Perform; S1= Surface First; S2= Surface Second,
TCONC=Theoretical Concordance; TCONF= Theoretical Conflict.

The principal components of performance in the Alligator game

The first three factors — as a principal component — of the factorial analysis: TRI2 (Cibois, 1982) carries
92.2% of the information. The links between the variables were strong. The first factor (F1, 74.7%) opposed — on
the left of the plan (Figure 4) — swimmers obtaining good scores (GS) and surfacing second (S2) to swimmers
obtaining less than +2.5 points per turn, so a bad score (BS) and surfacing first (S1) — on the right of the plan.
The second factor (F2) had a lower explanatory contribution (11.6%) and opposed— at the top of the plan — the
TCONF swimmers with a low level of dynamic apnea (LA) to the TCONC swimmers with a correct level of
apnea (AC) — at the bottom of the plan. Of weak contribution (5.9%), the third factor (F3) opposed — towards the
front — the Nash rational players, meaning those that played 2 to 4 times out of 6 before the 15 m (NP) to the
prudent players, those that surfaced 5 or 6 times out of 6 before the 15m line (MP) — towards the back.

Multiple linkages between variables can be seen in Figure 4. The lines link two-by-two of the variables
chosen by the same participants. They sometimes associated variables of strong contribution to F1 — as Good
Score (GS) and Surfacing Second (S2) — to other inexistent elements in the construction of F1 — such as Apnea
Perform (AP). Two poles emerged from our analysis: the players succeeding at the left of the plane, and the
players in failure to the right.
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ALLIGATOR GAME Tri2

TCONF

LA
S1
AP
MpP
BS

/o TCONC

AC

S2

Fig. 4. Factorial analysis of principal components (7RI2). Two by two sorting of the variables. The
conjunctions between active variables are marked by a line. BS= Bad Score; GS= Good Score; MP= Maximin
Play; NP= Nashian Play; IR=IP= Irrational Play; LA= Limited Apnea; AC= Apnea Comfort; AP= Apnea
Perform; S1= Surface First; S2= Surface Second; TCONC=Theoretical Concordance; TCONF= Theoretical
Conflict.
Correlation between scores obtained in the Alligator game and apnea capacities and technic

Having limited apnea capacities (LA) influenced the variable Good Score (GS) at -74.2%: students who
were uncomfortable underwater were unable to obtain good score in the Alligator game (p < .01). In contrast, the
fact that a player Surface First (S1) did not explain — on its own — the Bad Score (BS).

Discussion

The main hypothesis of this paper was that motor decisions were subordinated by bodily stake. The
ways of playing in motor action often diverges with the ways of playing by questionnaire. The PMD and TRI?
even tended to reveal that freedivers who better succeeded in the swimming pool were those who were in
conflict with their choices on the paper. Very often, in game theory, once the questions are asked and the
decisions made, the game is over — even before it has begun (Aumann & Brandenburger, 1995). In motor action,
which is more emotionally involving, once the problem is presented, the decision to be made is indexed against
the participant’s ability to put it into action (Colman, 2003; Eckel & Wilson, 2003; Roddie, 2019). In the present
study, it was observed that some freedivers who rushed to the 15m line out of fear of lacking oxygen (even
though their O, saturation levels indicate that they were using less than 10% of their maximum apnea reserves)
and surfaced before or after without worrying about the other players’ tactic. This corresponds to the lowest level
of motricity intelligence in the context of this game. Thus, it seems that freediver students having lower apnea
capacities take more absurd decisions in water and do not clearly understand the risk of the game.

The students more at ease in apnea acted as true alligators by becoming immobile below the surface
before the 15m line, waiting to see how their opponents will play. Most of the time, they surfaced second, once
their startled ‘prey’ had been neutralized. Depending on where the prey emerged, it was more interesting for the
alligators to surface <15 m or >15 m (“<” meaning “before”; “>": “after”) depending on whether they were a
row-player or a column-player. To win, the row-alligator had always to choose a different tactic of the column-
player (if column-player surfaces <15 m, row-alligator maximizes their win by >15 m; if column-player surfaces
>15 m, row-alligator maximizes their win by <15 m). Thus, the row-alligators can guarantee themselves 3 or 4
points (Ealligator = +3.5 points) whilst the column-players would either obtain 1 or 2 points (Eother = +1.5).
Logically, considering the matrix, the column-alligators must always choose a tactic equivalent to the row-player
(if row-player surfaces <15 m, Alligator performs <15 m; if row-player surfaces >15 m, Alligator performs
>15 m). As such, the alligators can always guarantee +3 or +4 (Alligator = +3.5) whilst line-players will only
obtain +1 or +2 (Other = +1.5). Thus, it seems that freediver students having good apnea capacities take more
intelligent decisions in water, clearly understand the risk of the game, and obtained great scores.

However, in rare cases, the lucidity of the alligators allowed them to decode the blindness of the other
player and they surfaced first, having the certainty of having won (Burns et al., 2017). This explains why the
good scores are primarily obtained by the swimmers associated with the variable’s “comfort” or “performance”
in apnea, more than those who played second rather than first. When two alligators confront each other, they
both remained at the bottom of the pool. The game lasted a long while and we timed static apnea of over one
minute, until the weaker of the two finished by giving up, leaving the second the possibility to make the more
rational choice. Why do these results question a decision theory that systematically ignores the presence of a
bodily stake? We can imagine a game without bodily stake using the same logic as the Alligator game. We can
imagine experimenting with numerous factors (age, sex, reputation, etc.). But in the case of bodily involvement,
the decisions are subordinated (a) by the various physical actions possible: ‘I decide depending on what I know
how to do’, (b) by the decoding of the physical capacities of other players: ‘I act according to what I believe the
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other can do’ and, (c¢) by knowing my own physical capacities: ‘I know I’m able (or not) to stay a bit longer in
apnea’. These aspects are often ignored in games without bodily stake or even within the ill-named esports
(Braun et al., 2009). It is easy to remain level-headed or keep a presence of mind when using screens. But the
study of decision-making cannot be subtracted from the thought process associated with a physical and
immediate bodily risk (Parlebas, 2005). As such, motor games (traditional games and sports) can reveal
themselves to be the best laboratory for studying human conduct (Pic et al., 2020).

Conclusions

The analysis of the Alligator Game reveals significant insights into the interplay between physical
abilities and decision-making. The study identifies two distinct groups of players: those who succeeded by
deviating from their theoretical strategies and those who adhered to theoretical predictions but performed poorly.
The findings highlight that the best players adapted their strategies in real-time, using their superior apnea skills
to outmaneuver opponents. This adaptation transformed the game from a simultaneous to a sequential one,
providing a strategic advantage. These players demonstrated a deeper understanding of the game's physical
demands, allowing them to make more rational decisions and achieve higher scores.

Conversely, players with lower apnea skills who followed theoretical strategies without adaptation
tended to perform worse. This suggests that theoretical knowledge alone is insufficient when physical stakes are
involved. The ability to execute strategies effectively in a physical context is crucial, and a lack of such ability
leads to irrational decision-making. The implications of these results extend beyond the scope of the game. They
suggest that in real-world scenarios involving physical stakes, decision-making is closely tied to an individual's
physical capabilities. This has significant theoretical and practical implications, particularly in fields such as
sports, military, and any area where physical performance plays a critical role.

In conclusion, the study confirms that motor skills and bodily stakes are integral to rational decision-
making in physical contexts. Future research should further explore this relationship, considering other variables
such as emotional and psychological factors, to develop a more comprehensive understanding of decision-
making under physical constraints.

The findings underscore the importance of integrating physical training with decision-making
processes, particularly in high-stakes environments. By enhancing physical capabilities, individuals can improve
their decision-making accuracy and overall performance in both theoretical and practical domains.

Conflicts of interest - There is no conflict of interest.
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