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Abstract

Itis a widespread belief that success is mainly due to innate qualities rather than external
forces. This is particularly true in sports competitions, where individual talent is usually con-
sidered the main, if not the only, ingredient to reach success. In this study, we explore the
limits of this belief by quantifying the relative weight of talent and chance in fencing, a com-
bat sport involving a weapon, with the help of both real data and agent-based simulations.
Fencing competitions are structured as direct elimination tournaments, where randomness
is explicitly present in some rules. We focused on épée, which is one of three disciplines.
We collected data on international competition results and annual rankings, in the range
2008-2020, for male and female fencers under 20 years old (Junior category). Then, we
built the model calibrated on our dataset and parametrized by just one free variable a,
describing the importance of talent—and, consequently, of chance—in competitions (a= 1
indicates the ideal scenario where only talent matters, a = 0 the complete random one). Our
agent-based approach can reproduce the main stylized facts observed in data, at the level
of both single tournaments and the entire careers of a given community of épée fencers. We
find that simulations approximate very well the data for both Junior Men and Women when
talent weights slightly less than chance, i.e. when ais around 0.45. We conclude that the
role of chance in fencing is unusually high and it probably represents an extreme case for
individual sports. Our findings shed light on the importance of external factors in both ath-
letes’ results in tournaments and throughout their career, making even more unfair the “win-
ner-takes-all” disparities that often occur between the winner and the other classified
competitors.

Introduction

Thinking about successful careers in general, and in sports in particular, the common belief is
that they are just the result of hard work, endurance and effort combined with extraordinary

skills. One could naively think they develop from a long series of successes in several competi-
tions, after endless training sessions and great sacrifices, and that only predestined champions
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with innate uncommon abilities can get them. Inner talent, in this view, makes the main differ-
ence in career development.

However, many recent studies have shown that talent does not vary so widely among people
and that its probability distribution is limited and concentrated around a well defined mean
value [1-4].

Although individual talents do not differ that much from one person to another, only a few
reach the top. We experience it in many fields [4-7] and clearly in sports [3, 8], where we
observe how people suddenly get notoriety and often huge amounts of money when they win.

Even with comparable talents, usually very high, athletes could end up with totally different
rewards in a competition. One event after another, small fortuitous differences might give rise
to a cumulative advantage [9, 10], which generates a consistent increasing gap between indi-
viduals with similar talents. We tend to admire those who reach the top, disregarding others in
the ranking. We are so used to this common “winner-takes-all” logic that it sounds inevitable,
in sports, arts, even in science. And most often the rationale given for such selectivity is formu-
lated in terms of innate talent, coupled with effort: “they are the best”.

We still lack a clear understanding of the processes which lead to vastly different rewards in
sports and many other settings. In reality many small and unpredictable circumstances often
play a role, yet as much often we tend to ignore those influences, preferring to believe in truly
exceptional or gifted people. This talent-oriented view persists despite being rejected by a
wealth of evidence [2-7, 11, 12].

In this paper, we investigate those effects in the context of an individual sport. In this kind
of sports it is usually easier to analyse results and then assess the consequences, since many of
them have simple rules and athletes act in a controlled environment. Thus, they are suitable
for testing an agent-based approach which could reproduce, in a virtual setting, athletes’ per-
formance and tournaments’ structure, capturing the role of individual abilities versus external
circumstances in achieving success. We will specifically consider fencing as a case study, since
it is an individual sport made up of face-to-face matches (called bouts) that directly compare
athletes, underlining their similarities in contrast with huge differences in their outcome.
Fencing is a combat sport involving a weapon, which can be of three different kinds, identify-
ing three separate disciplines: épée, foil and sabre. We focus on épée because there is no right
of way rule regarding attacks, which means that any hit (also called touch) is counted [13, 14].

Fencing is a perfect example of how unpredictable factors can strongly condition careers.
First of all, randomness is explicitly present in its rules: in case of a tie, one extra minute is
given and a priority is assigned at random to one fencer who could win the match “for free” if
no valid touches are scored. Secondly, competitions are arranged as tournaments with two dis-
tinct phases (pools and direct elimination [see Fencing rules for details]), characterised by
intensive bouts performed in short periods of time, with irregular breaks in between [15].
Thus, a competition can last an entire day and it is difficult to keep both physical and psycho-
logical energies under control; such a delicate aspect has been examined in several studies [15-
20], highlighting the unique cognitive processes enhanced by fencing [21]. For our purposes,
we point out that the organization of tournaments itself exposes fencers to the influence of ran-
dom events, which may globally condition the day of the competition (e.g. sudden injuries,
fever, irregular schedule of bouts) and/or simply affect the match outcome. Moreover, the
rules for updating the seasonal ranking probably gives more importance to a single outstand-
ing result, less regarding a constant and pretty decent career during the years.

To quantify all those effects, we introduce an agent-based model able to simulate young
fencer career progression as function of a single control parameter a, which tunes the relative
weight of talent and randomness in competitions. Then, we compare the numerical results
with fencing data extracted from a real dataset, for both official rankings and single
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tournaments. We will show that, as expected, the role of chance in this sport discipline is sig-
nificantly higher than commonly believed.

The paper is organized as follows: in Materials and methods we provide information on the
adopted dataset, explain fencing rules and present our agent-based model for fencing tourna-
ments; then, we show and analyse our findings in Results and Discussion; finally, we summa-
rise our results and examine some of their implications in Conclusions. More details about our
dataset and the calibration of the model itself can be found in S1 Appendix.

Materials and methods
Dataset

We collected the official Junior Men and Women rankings from 2011 to 2019, excluding pre-
vious years because there were very different criteria in point assignment and next years
(2020-2021) since they are incomplete (many events have been cancelled due to COVID-19
pandemic). All participants are in between 14 and 20 years old and they are from all the coun-
tries that are members of the International Fencing Federation (FIE), whose website [13] stores
those rankings we based our analysis on. If we look at the age limitation, the longest possible
career in Junior category lasts six years. Since we have nine years available, the group of ath-
letes involved is not constant over time. Instead, every season there are some fencers who
become too “old” and must change their category; on the other hand, the “youngest” fencers
who can participate in Junior Events for the first time come into play. For this reason, rankings
do not have a fixed number of competitors; we find that the average length for Junior Men is
about 600 participants, while for women is about 500 in our dataset (see S1 Appendix for
details).

We also collected the initial rankings and final classifications of 100 World Cups, from
2008 to 2020, to perform a more detailed analysis of single tournaments (later shown in Results
and Discussion). Data availability was a non trivial issue in this case, several sources were con-
sulted to extend our dataset as much as possible [13, 22-28]. For this reason, we provide a
repository that gather all the data we used [29].

Fencing rules

As already mentioned in the Introduction, fencing is a combat sport that involves a weapon,
which can be of three different kinds, identifying three separate disciplines: foil, sabre, épée
(the source for this section is fie.org [13]).

Each weapon has its own peculiarities, but they also have common characteristics: the two
opponents compete on a piste, 14 metres long and 1.5 metres wide; the goal is to score a valid
touch on your opponent, which counts as a point; the first fencer that achieves 15 points, in a
bout composed at most of three rounds (called periods) of three minutes each, wins; touches
and time are controlled by a referee, according to an electrical recording apparatus.

In case of a tie at the end of the third period, one extra minute is given, randomly assigning
a priority to one of the two fencers: if no one scores a single touch during this time, whoever
has the priority wins. Therefore, the role of randomness is explicitly present in fencing rules,
making this sport an interesting candidate in studying the effects of chance (good or bad luck,
other external factors) in competitions.

In this work, we study épée because there are no right of way rules regarding attacks, which
means that the point is always assigned to the fencer who makes the hit first. As a consequence,
referee discretion is strongly limited and we can neglect human error contribution.

The main features of épée are the following:
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o the attack is possible only with the point of the weapon;
o the target area is the entire body;

« since any touch is counted, double-hits (i.e. simultaneous touches) are allowed if they occur
within 40 milliseconds.

Those very essential rules allow épée tournaments to be simulated by an agent-based
model, as described in Model. But first, we need to explain the organization of fencing
competitions.

Usually, a competition (tournament) takes place over a single day and consists of two main
phases, one round of eliminating pools (Table 1) followed by a direct elimination table (Fig 1).

The pools comprise 6 or 7 fencers, depending on the number of participants. They are com-
posed taking into account the latest official FIE ranking, which collects the points obtained in
the previous events of the current season or in the previous season on the basis of athletes’
placements.

The allocation of fencers in the pools follows the method shown in Table 1.

In pool rounds, each competitor fences a bout against all of the other members of their
pool, up to five hits in only one period of three minutes and an extra priority minute in case of
tie.

After the pools, a single general ranking of all the athletes is established, on the basis of the

following indices: first, %

of bouts; then, in case of equality, the difference HS — HR between the hits scored (HS) and the

is considered, where V is the number of victories and M the number

hits received (HR) is taken into account; finally, in case of further equality in both 1‘\4—/ and HS -
HR, the fencer who has scored most hits (highest HS) is seeded highest. In the special case of
absolute equality, the order is decided by drawing lots.

From the round of pools, only 70% of the fencers is qualified for the direct elimination
phase, depending on the classification after pools.

Direct elimination table consists of many rounds that scale with decreasing powers of 2
(usually 256, 128, 64, 32, 16, 8, 4 and final) as shown in Fig 1: as we can see, the first classified
after pools is coupled with number 64, the second one with number 63 one and so on.

For example, if the competition starts with 100 participants, after pools there are 70 athletes
qualified to the direct elimination round, which is an incomplete table of 128 (since they are
more than 64). Therefore, the last 12 athletes, from number 59 up to 70 after pools, have to
win one more match to access the table of 64, while the first 58 fencers automatically
advance. In detail, the couples are: 59-70, 60-69, 61-68, 62-67, 63-66, 64—65. Once these
matches are completed, table of 64 starts for all the participants left, following the bouts indi-
cated in Fig 1.

Table 1. Allocation method explained for three different pools (A, B and C), based on ranking placements of 18
competitors. Each column represents a complete pool with 6 fencers.

Pool A B C

Fencer ranked 1 — 2 — 3 1
l 6 — 5 — 4 —
— — 8 — 9 |
l 12 — 11 — 10 —
— 13 — 14 — 15 |
l 18 — 17 — 16 —

https://doi.org/10.1371/journal.pone.0267541.t001
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Fig 1. Sketch of the direct elimination table of a typical competition round, from 64 up to the final, scaling with
decreasing powers of 2. Different colours identify different pistes. For clarity of the picture, larger tables (128, 256)
have been omitted.

https://doi.org/10.1371/journal.pone.0267541.9001

Intuitively, in each round the fencer who wins his/her bout have access to the next one,
while the loser ends his/her competition and obtains a placement coincident with the reached
round, according to the ranking after pools. For example, if fencer A loses against fencer B in
the table of 16, fencer A can be placed in the classification among the 9™ and the 1™ place.

The general classification is compiled from the winner of the final bout, who is also the win-
ner of the competition, followed by the second, the one who loses the bout for the first place;
then, there is an ex aequo for the third place, assigned to the two fencers defeated at the round
of semi-finals; the other placements are given as explained above.
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The goal of attending competitions is to rise in the official FIE ranking. In fact, at the end of
each tournament, all the participants gain a certain amount of points, fixed by the scale of
Table 2.

We can see that the scale decreases in a non-linear way, following a power law from the 9™
place on. Notice that some values were added later: * was introduced in season 2015/2016; **
were introduced only in 2019.

Ranking is not cumulative over years, instead it rolls during the season: the new result can-
cels out the previous year result in the corresponding competition. Moreover, the official
Junior ranking of the FIE considers only the best six results of the World Cup events in which
the fencer has participated, other than the Zonal and World Championships, for a total of
eight results collected. As a consequence, only those athletes who actually attended at least one
event in a season are listed in the ranking.

We need to specify that different kinds of competitions weight differently in ranking: points
obtained in World Cups events are multiplied by a factor of 1; Zonal Championship points in
our dataset are multiplied by a factor of 1.5 (this rule has been updated in season 2019/2020,
the factor being reduced to 1); points obtained in World Championships are multiplied by a
factor of 2.5.

Model

In this section we provide an agent-based model realized in NetLogo environment [30] in
order to reproduce, through numerical simulations, the dynamics of several international
competitive seasons in fencing.

In section Fencing rules we introduced the main notions of the chosen fencing discipline
(épée), whose combat features make it particularly suitable for our main goal, that is the evalu-
ation of the relative role of talent and chance in determining successful careers of athletes
(fencers) belonging to a certain community.

To this aim, in every simulation run we consider a given number N of seasons/years, each
made of a certain number N of tournaments (also called events or competitions). At the
beginning of each run, all the agents are randomly listed in an initial ranking. Then, every sea-
son, each athlete of the community can “choose” the number of events (< N7) he or she wants
to participate during that year, with a probability related to the ranking order updated at the
end of the previous season. Thus, each tournament is characterized by a different number N of
participants (see SI Appendix for more details).

Let us now describe how we model each single tournament, following the rules explained in
the previous subsection.

Table 2. Scale points in the official FIE ranking.

1" place 32 points
2" place 26 points
3t place ex aequo 20 points
5th_gth 14 points
9th_16th 8 points
17324 4 points
33"_p4h 2 points
651-96'™ 1 point*
97th_128h 0.5 point**
129h-256h 0.25 point**
beyond 256" 0.1 point**

https://doi.org/10.1371/journal.pone.0267541.t1002
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Round of pools. For sake of simplicity, in our model every pool is built with 6 agents, on
the basis of the scheme reported in Table 1. Thus, there will be a total of N/6 pools (N should
be a multiple of 6). Inside a certain pool, a given competitor fences, in turn, with each one of
all the other 5 competitors, keeping track of the victories, of the hits scored and of the hits
received.

The sequence of touches occurring during a single match is realized by randomly choosing
subsequent time intervals between 2 and 60 seconds (the upper limit is related to a specific
épée rule, the lower considers a delay between the start commanded by the referee and the
actual beginning of the two opponents’ actions). At the end of each interval, both athletes have
the possibility to perform a valid touch according to the following quantity:

P=aT +(1-a)L,, k=1,2 (1)

For each fencer, Py depends both on his/her talent Ty and on the chance parameter L;. In
analogy with previous studies [2, 3, 5, 6], we represent talent with a real variable T} € (0, 1],
randomly extracted from a Gaussian distribution with mean ¢ = 0.6 and standard deviation o
= 0.1; thus, T envelopes all the inner qualities of an athlete (intelligence, skills, ability, training,
motivation, etc.). Talent should be broadly interpreted as the maximum potential that can be
expressed by the athletes throughout the competitions. Therefore, it is an intrinsic feature of
each agent that we assume constant during an entire simulation run (made of several seasons).
On the other hand, the chance parameter L; is randomly extracted for each single touch in the
interval [L, — 0.3, L, + 0.3]. This choice takes into account two different sources of random-
ness, acting on different temporal scales. The mean chance parameter L, affects the average
performance of the corresponding athlete during a tournament, due to external unpredictable
factors that may influence that performance in the day of the competition (the organization of
tournaments itself could be responsible of this, as mentioned in the Introduction). On that
account, L, it is randomly extracted in the interval [0.3, 0.7] at the beginning of each competi-
tion and remain fixed for the entire tournament. Of course, during each single match, other
unpredictable factors can influence athlete’s performance on a shorter time scale, thus we let
the chance parameter L; to randomly fluctuate around its mean value L, for every touch. For
example, a fit agent could have L, ~ 0.7 and a chance parameter extracted from a uniform dis-
tribution in the interval [0.4, 1], clearly in his/her favour; on the other hand, an out of condi-
tion fencer could have L, ~ 0.3 with a consequent interval for L; limited to [0, 0.6] while
performing a valid touch. The common parameter a € [0, 1] in Eq 1 touch represents the so
called talent strength, i.e. the weight of talent in making the hit; as a consequence, (1 — a)
weights the importance of chance. If P; > P, we assign a valid touch to the first fencer and his/
her score is increased of 1; if P, > P, the opposite happens.

It is worth noting that the talent strength g is the only free global parameter in our model,
which allow us to estimate—through the comparison with real data—the relative importance
of talent and chance in the fencing discipline.

In a real fencing match, there is also the possibility to have one or more double-hits. This
has been implemented in the model by allowing a given fraction F, of touches to be considered
a double-hit. On the basis of our experience (one of the authors—C.Z.—is also a fencer and
fencing instructor), F,; can be defined as:

Fd_0.4[;(1—(T>)+;(1—L)} 2)

and it is the result of two different contributions of equal weight: (1 — (T)), where (T)
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r - .
represents the mean talent of the two opponents; (1 — N) ,being 7 = |r, — r,| the difference

between the initial ranking of the fencers considered. Thus, the possibility of a double-hit
increases when both mean talent and ranking difference decrease. Notice that F, is confined in
the interval [0, 0.4] thanks to the prefactor in Eq 1 double: in correspondence of each new
touch, a random variable % is extracted in the interval [0, 1] and, if F; > h, a double-hit occurs.
In this case both the competitors increase their scores of 1.

In case of a tie, “priority” takes place, as explained in Fencing rules. In the model, it is
implemented as follows: with a coin flip, priority is assigned to one of the two opponents; then,
the extra minute starts and only a single touch is allowed; if a double-hit occurs the score is not
updated; if the minute ends without any single valid hit, whoever owns priority wins the bout.
Notice that the coin flip for the priority assignment is a third source of randomness, acting on
an intermediate time scale, independent of the first two and intrinsic to the fencing rules.

When all the pools are completed, a summary classification is established on the basis of
several indices described in Fencing rules; as a consequence, the first 70% of the athletes after
the round of pools can access to the direct elimination table.

Direct elimination table. Direct elimination table is built according to the classification
after pools and can be complete or incomplete: in the former case, the number of competitors
is an exact power of 2 and all bouts of that round must be held; in the latter, the number of ath-
letes, equal to the vacancies in the table, can advance without facing any opponent.

During this phase, the bout has its canonical structure, three periods of three minutes each
and a maximum score of 15 points, each touch being assigned with the same procedure imple-
mented for the bouts in the Round of pools (Eqs (1) and (2). Again, when the score is tied, an
extra minute of priority is given, as described in Fencing rules and implemented in the same
way as in Round of pools. The fencer who wins the bout advances in the table, while the loser
ends his/her competition. This selective mechanism is the same in every round of the table
and, at the end of the tournament, produces a pyramidal arrangement similar to that one
shown in Fig 2: at the top level we found the first and the second classified; at the bottom level,
the 30% of athletes who did not pass the round of pools; all the other fencers lie in the middle
levels. Each agent is labelled with his/her position in the initial ranking: in the example

B 3 6 7 19 10 (9 (H 6 @ 103 149 fs1 94 S0 479 73 M0 2 40 4@ 06 (3 7 5 8 12 3 % 9 (s3 f

16614310 771B1168160178125 47 6844 B72117 93 65 3177144141136 4167109 18/ 3190 81122162 63 48116 6439 34y 34 60' 7016312126110 72146 29 S429164148'43 14 518612/ 615710422

2 27 2
B1 @ MW

92 191 s 197

Fig 2. An example of athletes’ classification at the end of a simulated tournament. Subscripts display the initial
ranking of the fencers, while their pyramidal arrangement indicates their final placements. Agents in the bottom, dark-
gray, part of the figure are the 30% of athletes who did not access to the direct elimination table.

https://doi.org/10.1371/journal.pone.0267541.g002
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considered, the winner of the competition started from the first position in the ranking, while
the second classified started from the 7 position, and so on.

At the end of the tournament, fencers receive an amount of points according to their classi-
fication, following Table 2 of Fencing rules. Notice that we do not distinguish between Cham-
pionships and World Cups in our model, thus all events weight equally in simulation rankings.
As already explained in Fencing rules, ranking is not cumulative over the years. On the con-
trary, each new result cancels out the result obtained in the corresponding competition of the
previous year. The simulation stops when the last tournament of the last year ends. At this
point it is possible to look at several output parameters, such as the final ranking of the athletes,
the relationship between their initial and final placement (calculated either for each season or
for each single competition) and even the interplay between talent and rank, all of them as a
function of the selected value of talent strength a.

Results and discussion

In the previous section we briefly showed the necessary features for simulating the careers of
young fencers and how we inserted them in the structure of our model. Our aim is that of
investigating fencing dynamics for different values of the global talent strength, comparing
simulation results with data in order to evaluate the relative role of talent and chance in this
sporting discipline.

As mentioned in section Dataset of Materials and methods, for this comparison we focus
on épée rankings of Junior Men and Women. We set to Ng = 7 the number of seasons/years to
simulate, adding an extra one (the first) as a trial stage for the following six (i.e. the longest pos-
sible career of young fencers). According to the average length of the official FIE rankings
(Dataset), we consider a community of N, = 600 fencers to simulate the Junior Men seasons
and a smaller community of N = 500 fencers for the Junior Women ones.

For every season, we simulate Ny = 8 distinct tournaments with a variable number N of par-
ticipants (see Fig 9 in S1 Appendix), following effective data results considered in official rank-
ing. In fact, during a given season, each athlete of the community can “choose” the number of
events (< N7) he or she wants to attend, with a probability related to the ranking order for that
year. Those conditional probabilities have been extracted from the real dataset for both men
and women, as explained in S1 Appendix (see Fig 10), and the model has been calibrated
accordingly.

In Table 3 we summarise the setup of the fixed parameters that we adopt in our simulations,
included mean and standard deviation of the Gaussian distribution of athletes’ talent intro-
duced in the previous section. In order to have statistically significant results, we always aver-
age the outputs over 10 simulation runs, each starting from a different realization of the talent
distribution among agents. There is no need to add runs since we already observe quite stable
results and lower errors than those found in the data.

Table 3. The fixed set of parameters for each simulation run.

Parameters Simulations

Men Women
N-Years-to-simulate 7 7
N-Tournaments-per-year 8 8
Talent-gaussian-mean 0.6 0.6
Talent-standard-deviation 0.1 0.1
Total-athletes 600 500

https://doi.org/10.1371/journal.pone.0267541.t003
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Fig 3. Comparison between data and simulations (averaged over 10 runs). Probability of having the same or a different placement the following
year in Junior Men, given the associated ranking placement in the previous year. Ranking positions are arranged in groups of different sizes, to
enhance visualization. Sketch of the panels: (a) data; (b) simulation with the optimal value of g; (c) simulation with a very low value of a; (d)
simulation with the highest possible value of a. For each mean outcome, the corresponding standard deviation is also reported as an error bar.

https://doi.org/10.1371/journal.pone.0267541.9003

Our goal is to find the optimal value of the talent strength a able to produce the best agree-
ment between data and simulations. To do so, we first consider the probability of improving,
maintaining or worsening the ranking placement obtained the previous year. In fact, if the offi-
cial ranking was a perfect mirror of athletes’ talent, those probabilities should be peaked in the
corresponding placements, season after season, with very small fluctuations (Figs 3 and 4).
Instead, observing the results of real data analysis in panels (a) of both Fig 3, for men, and
Fig 4, for women, there is only a weak correlation between previous and following ranking
positions: for example, athletes who conclude a certain season in the first 16 positions in the
ranking, at the beginning of that season were in the same first 16 positions only with a proba-
bility between 0.3 and 0.4, while are slightly less likely to have started from lower positions in
the ranking, and have still a not negligible probability to have started below the 500™ position.
This effect is even more pronounced for the other placements, suggesting that talent explains
only half of the story: evidently, the influence of external factors cannot be neglected and a cer-
tain role of chance should be also taken into account.

In order to quantitatively estimate that role, we report in the other panels of Figs 3 and 4
the analogous results obtained with our simulations for different values of the talent strength
a. The simulation outputs yielding the best agreement (inside the error bars) with data corre-
spond to a = 0.45, as shown in panels (b) of both figures. On the other hand, the results for

PLOS ONE | https://doi.org/10.1371/journal.pone.0267541 May 5, 2022 10/17


https://doi.org/10.1371/journal.pone.0267541.g003
https://doi.org/10.1371/journal.pone.0267541

PLOS ONE On the role of chance in fencing tournaments: An agent-based approach

WOMEN RANKING POSITION COMPARISON WOMEN RANKING POSITION COMPARISON IN SIMULATIONS
FROM 2011 TO 2019 SEVEN YEARS SIMULATED with a=0.45
al @) ranking e (o) RANKING
PREVIOUS = | PREVIOUS
t 0.6 YEAR > 0.61 YEAR
-
J Mie S M 11.16]
2 04 | W (16321 o4 I M (16,32]
3 B (3264 3 B (32,64
. I M (64.128] & ,] I L B (64,128
[ ] I (128,256] ; I (128,256]
256, ... I 256,...
0.0 ! ( Yy . ¢ )
\:\6\ @(P(L\ qj?b‘\ '\(f’b\ ’ngo\ & “4\ \,}‘b\ ‘b,?'),\ q:?b‘\ \(f’b\ "If'go\ © *\
R S A R DA A A i
RANKING NEXT YEAR RANKING NEXT YEAR
WOMEN RANKING POSITION COMPARISON IN SIMULATIONS WOMEN RANKING POSITION COMPARISON IN SIMULATIONS
SEVEN YEARS SIMULATED with a=0.20 SEVEN YEARS SIMULATED with a=1.00
081 ©)| ranking %% () e
PREVIOUS YEAR

‘| YEAR

o
o
o
o

M .16
B (16,32
B (32,64

M [1.16]

B (16,32

. B 32,64
B (64,128
B (64,128 £, B (128,256]
I (128,256] [ (256,512]

256,..) o M. . ; ; ; (512,...)

& A I

—

OBABILITY
o
&

PROBABILITY
(=
IS

1 4
0.2 I :
1
0.0 i .
\,}co\ Q;'?q} q,@’b‘\ & P o \’«‘b\ Qn?s1> ‘L%)b(\ & ‘fb@ & o
A N & @b‘ N Q{f’b B Qfo W N & @u A (\(f’b b Qf-;b 5 @'\
RANKING NEXT YEAR RANKING NEXT YEAR

Fig 4. Comparison between data and simulations (averaged over 10 runs). Probability of having the same or a different placement the following year
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https://doi.org/10.1371/journal.pone.0267541.9g004

smaller (a = 0.2) or greater (a = 1) values of the talent strength are clearly not compatible with
data, as reported in panels (c) and (d) of both the figures. The selection of the optimal value

a = 0.45 is supported by the mean squared error estimation, as shown in detail in S1 Appendix
(see Fig 12, top panels). Those first findings suggest that the role of chance in épée competi-
tions, estimated by the factor (1 — a) in Eq (1) touch, is absolutely not negligible if compared
with talent: actually, it seems to be quite consistent, even slightly above 50% for both Junior
Men and Women.

To further support the choice of a = 0.45 as the best candidate for talent strength, we can
move forward with other comparisons between data and simulations. In particular, it is inter-
esting to look at the normalised points cumulated by real athletes at the end of the season, as a
function of their final ranking, and compare them with the analogous ones obtained through
simulations if we change a. A very good agreement emerges for values included in a narrow
range between a = 0.4 and a = 0.6 but, again, the lowest mean square error is obtained for
a = 0.45 (see the bottom panels of Fig 12, in S1 Appendix). The corresponding curves, obtained
averaging over all the considered seasons and normalized to their maximum value, are
reported in Fig 5. for both men (a) and women (b). One can notice significant overlaps, which
are almost indistinguishable for the first 200 placements. For ranking positions higher than
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https://doi.org/10.1371/journal.pone.0267541.9g005

200, data and simulation points act differently: the former decrease more rapidly, which can be
due to a finite size effect more pronounced in data since ranking lengths vary over time, other
than to an update of the rules for the point scale, as mentioned in section Fencing rules.

Summarising our first results of the study of fencing competitions along several seasons, we
should conclude that: (i) data analysis already shows an evident role of external factors
(chance) in determining the athletes’ placements at the end of each season; (ii) the comparison
with the simulation outputs of our fencing model allow us to quantify this role by tuning the
talent strength parameter and finding the value which minimizes the error. That optimal value
is a = 0.45, the same for both men and women, so we fix it to explore single tournaments
through our model.

Specifically, we observe the relationship between initial ranking and final placement at the
end of a given competition. To do so, we average over 80 events for both male and female ath-
letes in simulations, and over 52 and 48 events respectively for men and women in our dataset
(see S1 Appendix). We monitor the top sixteen fencers in the ranking or in the final classifica-
tion. For those athletes, we would like to ask the following two questions:

1. What is the conditional probability of obtaining a certain final placement in the tournament
provided that one starts from a certain initial ranking position?

2. What is the conditional probability of having started from a certain position provided that
one reaches a certain final placement in the tournament?

In the ideal case in which talent would be the only variable influencing both ranking place-
ments and tournaments’ results, these two variables should be strongly correlated and such a
correlation should be highlighted by a suitable density kernel analysis [31]. Thus, since we
already found that the role of chance in épée competitions matters at least as much as that of
talent, one should expect important deviations from this ideal behaviour. Moreover, one could
also expect that our model should be able to numerically reproduce those deviations. That is
precisely what we observe in Fig 6, for male fencers, and in Fig 7, for female ones, where the
(normalised) density kernel plots are reported both for data, panels (a)—(c), and for simula-
tion, panels (b)—(d). Looking at those figures one can draw the following conclusions:
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only variable influencing both ranking placements and tournaments’ results.

https://doi.org/10.1371/journal.pone.0267541.9g006

1. In all the panels, the observed behaviour is very far from the ideal case, represented by a

dashed gray line.

2. The comparison between panels (a) and (b) shows that our model captures the fact that the
first 16 (male and female) athletes in the ranking have a quite high probability to reach a
final placement included in approximately the first 30 positions, but—evidently due to the
consistent role of chance—have also a decreasing, not negligible, probability to finish the
tournament in lower (and sometimes much lower) positions.

3. At the same time, regarding panels (c) and (d), simulation results essentially reproduce the
analogous effect observed in data, where (male and female) athletes placed in the first 16
positions at the end of a tournament came from the first 30 or 40 positions of the initial
ranking, but with a not negligible decreasing probability to come also from lower positions.
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One last consideration about talent. In general, from the analysis of data about sport disci-
plines it is not possible to directly extract the distribution of talent, being the latter an hidden
variable of the individuals. However, one could think that a strong correlation between rank-
ing and talent should be, in some way, preserved by the competitive selection of tournaments.
Thus, athletes in the top ranking positions are usually assumed, by definition, to be the most
talented and, vice-versa, those in the bottom positions the less gifted. Unfortunately, the latter
is exactly the kind of assumption which should be questioned in disciplines where success is
noticeably influenced by chance, as we have shown for épée fencing. Therefore, we can intui-
tively expect some violations of this assumption in fencing competitions.

Simulations help us to confirm such an intuition, since we assign a fixed talent to all the
agents at the beginning of a given simulation run, thus we are able to report their talent as a
function of their final ranking. This has been done in Fig 8 for men (a) and women (b), respec-
tively. Black points indicate the mean talent of athletes for each position in the ranking at the
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end of seven seasons/years, averaged over 10 simulation runs. Error bars are the corresponding
standard deviations. In both panels we observe an initial rapid decreasing trend of talent, but
with strong fluctuations which progressively increase as ranking gets worse. Such a behaviour
implies that, if it is true that, on average, no athletes with talent below the mean (0.6) can be
found in the best 50 positions, it is also true that very talented athletes (one standard deviation
above the mean) can be detected at any position in the ranking. Moreover, the trend starts to
slowly bend upward approaching the last positions, an effect that likely takes into account the
possibility that certain pretty talented agents could attend very few competitions during the
chosen interval of time. In the real world, they may represent new fencers at the beginning of
their career, perhaps the youngest ones, who start competing without any ranking points even
if they are as talented as other older participants.

Conclusions

In this paper, we investigated the role of talent and chance in individual sports, studying fenc-
ing, a combat sport based on direct elimination tournaments. We collected [13, 22-28] and
analysed data on international rankings and on World Cup results of male and female épée
fencers under 20 years old. Then, we built an agent-based model, calibrated on those data,
which allowed us to estimate the relative weight of chance (external factors, random lucky or
unlucky events) with respect to talent in fencing competitions. We find that this weight is
quite high, around 50% for both men and women. Following the line of reasoning expressed
in the conclusive remarks of Ref. [3], we could claim that the peculiar rules of épée make this
fencing discipline the best candidate to provide the upper limits of chance contribution in
sport competitions with individual scores, whereas the Olympic 100-meter dash studied in
Ref. [3], with its 4% for men and 6% for women, would give the lower limits. Thus, in a hypo-
thetical spectrum, these two disciplines would probably represent the extremes, with all the
other individual sports—high jump, long jump, tennis, golf, car racing, motorcycle racing, etc.
—in between. That can be verified using our model, which can be easily extended to other
sports, especially to those which are tournament-based, like tennis. And if that were true, it
would seriously question the methods of awarding cash prizes which, typically, follow an expo-
nentially decreasing trend going from the first classified to the last one. Those methods are
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based on the implicit assumption of a one-to-one correspondence between talent of athletes
and their performance in competitions. But we have shown that such a perfect correspondence
probably does not exist, since in all these sports chance and randomness could heavily influ-
ence the performance of any athlete, thus the awarding rules should be revised in order to
make them closer to reality.

Supporting information

S1 Appendix. Dataset and model insights [32-35].
(PDF)
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