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“Das lebhafteste Vergnügen, das ein Mensch in der Welt haben kann ist, neue Wahrheiten
zu entdecken; das nächste von diesem ist, alte Vorurteile loszuwerden.”1

(Frederick the Great)

Abstract

The Swiss-system is an increasingly popular competition format as it provides a
favourable trade-off between the number of matches and ranking accuracy. How-
ever, there is no empirical study on the potential unfairness of Swiss-system chess
tournaments caused by the odd number of rounds played. To analyse this issue, our
paper compares the number of points scored in the tournament between players
who played one game more with the white pieces and players who played one game
less with the white pieces. Using data from 28 highly prestigious competitions,
we find that players with an extra white game score significantly more points. In
particular, the advantage exceeds the value of a draw in the four Grand Swiss tour-
naments. A potential solution to this unfairness could be organising Swiss-system
chess tournaments with an even number of rounds, and guaranteeing a balanced
colour assignment for all players using a recently proposed pairing mechanism.
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1 Introduction
Ensuring fairness is a key responsibility of tournament organisers. Although fairness has
several different interpretations in the literature, any sports rule can be judged unfair if it
violates equal treatment of equals, and some players enjoy an advantage over the other
players due to random factors. For example, penalty shootouts in football are widely
accepted to be fair only if the outcome of the coin toss—that determines the shooting
order—does not affect their outcome (Apesteguia and Palacios-Huerta, 2010; Kocher et al.,
2012; Palacios-Huerta, 2014; Vollmer et al., 2024; Pipke, 2025; Csató and Petróczy, 2026).
Our study aims to analyse Swiss-system chess competitions from this perspective.

The Swiss-system is a non-eliminating tournament format where the contestants play
a predetermined number of rounds, which is substantially smaller than required by a
round-robin tournament. The Swiss-system is especially popular in chess; indeed, it was
invented by Dr. Julius Müller, a Swiss teacher, who developed a new pairing system in
1895 for the 5. Schweizerische Schachturnier in Zurich (Schulz, 2020). It is now applied in
other sports, too, such as badminton, croquet, and various esports (Dong et al., 2023), and
has inspired the incomplete round-robin format of UEFA club competitions, introduced in
the 2024/25 season (Gyimesi, 2024; Csató et al., 2025).

The Swiss-system is a reasonable choice if (i) a high number of contestants makes
a round-robin tournament infeasible due to time constraints; and (ii) eliminating any
contestant before the end of the tournament is undesirable. According to the Monte Carlo
simulations of Sziklai et al. (2022), the Swiss-system offers the best trade-off between the
number of matches and the ability of the competition to reproduce the latent true ranking
of the players, especially if all contestants should be ranked.

In chess, most Swiss-system tournaments contain an odd number of rounds, typically
nine or 11, when (about) half of the players play more games with the white pieces than
the other players. This might be unfair since the player with the white pieces starts the
game and enjoys an advantage over their opponent (Fecker, 2024; González-Dı́az and
Palacios-Huerta, 2016; Henery, 1992; Milvang, 2015). Indeed, Brams and Seven (2025)
noted that 66% of the top 10 finishers in major Swiss-system tournaments had an extra
white game. Analogously, in the four editions of probably the most important Swiss-system
chess tournament, the FIDE (Fédération Internationale des Échecs, International Chess
Federation) Grand Swiss, 22 players scored at least 7.5 points, and 20 of them (90.9%)
played one game more with the white pieces.

Inspired by this anecdotal evidence, our paper aims to quantify the advantage provided
by the extra game with the white pieces. To the best of our knowledge, this is the
first paper that makes such an attempt. For that, data from 28 top-level Swiss-system
tournaments played between 2014 and 2025 with an average Elo rating of at least 2400
are used. We find that playing more games with the white pieces significantly increases
the number of points scored in the tournament. The effect is slightly above 0.25 points for
all tournaments and above 0.5 points for the four Grand Swiss tournaments, when wins,
draws, and losses are awarded by 1, 0.5, and 0 points, respectively. This robust advantage
suggests a severe ex post fairness problem in Swiss-system in professional chess.

The paper is structured as follows. Section 2 presents the main characteristics of the
Swiss-system, and Section 3 gives a concise overview of previous research on this field.
The data are described in Section 4 and the methodology in Section 5. The results are
reported in Section 6. Finally, Section 7 summarises our message for governing bodies in
sports and offers a potential solution to the unfairness of Swiss-system chess tournaments.
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2 The Swiss-system in chess
The two central design issues in the Swiss-system are (i) how to pair the contestants in
each round; and (ii) how to rank the contestants based on their previous results.

In Swiss-system chess tournaments, the pairing should satisfy three hard constraints
(FIDE, 2020):

• Two players cannot play against each other more than once;

• The difference between the number of black and the number of white games
should be between −2 and +2 for each player;

• No player is allowed to receive the same colour three times in a row.

The last two constraints may exceptionally be violated in the last round of a tournament.
Furthermore, three soft criteria exist that can be used to evaluate a pairing mechanism:

• In general, players are paired to others with the same score;

• In general, a player is given the colour with which they played fewer games;

• If colours are already balanced, then, in general, a player is given the colour that
alternates from the last one.

Currently, FIDE accepts four variants of the Swiss-system, the classical Dutch system,
as well as the Lim, Dubov, and Burnstein systems, which differ in their pairing method
(FIDE, 2020). The Dutch and Dubov systems are compared via simulations by Held (2020).
However, FIDE does not provide any official algorithm to pair the players in Swiss-system
tournaments. Pairing has traditionally been done by hand; today, various software, some
of them approved by FIDE, are available on the market to do this.

In chess, every match has three possible outcomes: white wins (black loses), white loses
(black wins), and draw. The winner receives 1 point, the loser 0 points, and a draw gives
0.5-0.5 points to both players. Thus, the number of points for any player could be between
0 and the number of rounds with a step of 0.5. The ranking is based on the number of
points scored, followed by various tie-breaking criteria (Freixas, 2022). Tie-breaking rules
are not considered in our study.

Almost all players have an Elo rating, a measure of strength based on past performances
(Elo, 1978; Aldous, 2017; Gomes de Pinho Zanco et al., 2024). Let 𝑅𝑖 and 𝑅𝑗 denote the
Elo ratings of players 𝑖 and 𝑗, respectively. The expected result of their match is

𝐸𝑖𝑗 = 1
1 + 10(𝑅𝑗−𝑅𝑖)/400 .

Note that 𝐸𝑗𝑖 = 1 − 𝐸𝑖𝑗. The actual scores 𝑆𝑖𝑗 and 𝑆𝑗𝑖 = 1 − 𝑆𝑖𝑗 determine the updates
of the ratings 𝑅′

𝑖 = 𝑅𝑖 + 𝐾 (𝑆𝑖𝑗 − 𝐸𝑖𝑗) and 𝑅′
𝑗 = 𝑅𝑗 + 𝐾 (𝑆𝑗𝑖 − 𝐸𝑗𝑖). Consequently,

𝑅𝑖 + 𝑅𝑗 = 𝑅′
𝑖 + 𝑅′

𝑗 . The maximum possible adjustment per game, 𝐾, is set to 10 once the
published rating of a player reaches 2400, and remains at that level subsequently.

In a tournament with 2𝑚 + 1 rounds, where 𝑚 is a positive integer, about half of the
players play 𝑚 + 1 games with the white pieces and 𝑚 games with the black pieces, and
the other half of the players play 𝑚 games with the white pieces and 𝑚 + 1 games with
the black pieces. On the other hand, the FIDE rules do not exclude the possibility that a
player has 𝑚 + 1 or 𝑚 − 1 games with the white pieces in a tournament with 2𝑚 rounds.
We will return to this issue in Section 7.
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3 Related literature
The pairing methods of Swiss-system tournaments have received serious attention in the
operations research literature. Ólafsson (1990) provides an efficient computer program
to pair the players in each round. It is based on finding a maximum weight matching in
a graph, where the players are nodes and the possible matches are edges such that the
pairing rules are converted into edge weights. Kujansuu et al. (1999) translate the main
principles behind the Swiss-system pairing (players with roughly equal scores play against
each other and their colours alternate) into a stable roommates problem. This approach
results in better colour balance but higher score differences than the official FIDE pairing.

Glickman and Jensen (2005) propose adaptive pairings by maximising the expected
Kullback–Leibler distance between the prior and posterior densities of strength parameters.
In contrast to the Swiss-system that tends to pair players of similar strength in later
rounds, their algorithm pairs players of similar strength as soon as possible. The pairing
mechanism outperforms the modified Swiss system of Ólafsson (1990) if 16 rounds are
played by 50 players, regardless of using a vague or an informative prior distribution.
However, we do not know of any Swiss-system chess tournament containing more than
11 rounds. Biró et al. (2017) uncover how the main priority rules of the Dutch system
can be replaced by efficient matching algorithms, making computation in polynomial time
possible.

In contrast to Ólafsson (1990), Sauer et al. (2024) formulate alternative pairing rules,
again enforced by finding maximum weight matchings in an appropriate graph. According
to extensive numerical simulations, this procedure yields fairer pairings and leads to a
final ranking that better reflects the strengths of the players than the official FIDE pairing
system. Furthermore, the proposed method allows for great flexibility by changing edge
weights. In particular, maximum colour difference can be reduced by allowing more
games between players who have scored different numbers of points (Sauer et al., 2024,
Section 4.4). This trade-off will be important for us in Section 7.

A unique feature of the Swiss-system, dynamic scheduling, can also be advantageous
in other sports. For instance, Dong et al. (2023) develop and evaluate dynamic scheduling
methods for e-sports tournaments based on the Swiss-system design: an integer pro-
gramming model is used to maximise game attractiveness and the utility of spectators.
Di Mattia and Krumer (2025) demonstrate that reducing the number of matches per team
in groups of four teams from three (round-robin) to two (Swiss-system) in beach volleyball
does affect neither the probability of the favourite team winning a single match, nor the
overall efficacy of the tournament.

Some papers study ranking in the Swiss-system. Csató (2013) converts the results of
the 2010 Chess Olympiad Open tournament into an incomplete pairwise comparison matrix
and applies standard weighting techniques in this field to derive alternative rankings. The
new rankings are intuitively better than the traditional lexicographical orders, in which
the number of points scored is the first criterion. Following this line of research, Csató
(2017) suggests a family of paired comparison-based scoring procedures for ranking in
Swiss-system chess team tournaments. The method contains two parameters: one reflecting
the role of the opponents, and another for the trade-off between match and board points.
The analysis of the 2011 and 2013 European Team Chess Championship open tournaments
uncovers inherent flaws of the official rankings. Freixas (2022) identifies four shortcomings
of the Buchholz method, the most popular tie-breaking rule in the Swiss-system. An
alternative procedure based on weighted averages of the scores of opponents is suggested
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that does not suffer from these weaknesses.
Brams and Ismail (2021) suggest the so-called Balanced Alternating rule, which reverses

the third and fourth moves in standard chess: after white moves first, black has a double
move followed by a double move of white, and then alternating play. This modification
gives a boost to black to make chess fairer, which is supported by a computer analysis of
chess openings. Brams and Seven (2025) introduce a novel system of matching and scoring
players in tournaments with a high number of players and a small number of rounds.
These multi-tier tournaments are able to solve some problems of the Swiss-system.

Three empirical studies in chess are also closely related to our topic. The first is
Linnemer and Visser (2016), who find that, when lowly rated players play against highly
rated players in a Swiss-system tournament, the former perform better than predicted by
the Elo formula (see Section 2). The reason is self-selection: the expected strength-shock,
which is private information, decreases with the Elo rating because lowly rated players
enter the tournament only if they observe their actual strength to be higher than their
Elo rating.

The second paper, González-Dı́az and Palacios-Huerta (2016) analyse 197 chess matches
with an even number of games between two opponents, where the colour of the pieces
alternates in each round. Even though there is no rational reason why winning frequencies
should differ from 50-50%, winning probabilities turn out to be about 60-40%, favouring
the player who plays with the white pieces in the first and subsequent odd rounds.

Interestingly, FIDE has moved in the opposite direction as proposed by González-Dı́az
and Palacios-Huerta (2016). From 2008 to 2018, the World Chess Championships were
contested by the reigning champion and the challenger, such that one player played with
the white pieces in the odd games in the first part of the match, while this pattern was
reversed in the second half. However, since the World Chess Championship 2021, the
player who gets white in the first game has white in all odd games.

Finally, Fecker (2024) examines more than 12.5 million chess games to explore white
advantage. The results can be summarised as follows: (1) white advantage increases as
a function of Elo rating (at the level of Grandmasters, it is approximately twice as high
as at the level of amateurs); (2) white advantage has generally remained stable, or even
slightly increased, in all categories from 2010 to 2023; (3) the only exception is for games
with an average Elo rating above 2600, where white advantage has decreased over time.

Last but not least, the current paper contributes to the rapidly growing literature on
fairness in tournament design. Recent surveys (Kendall and Lenten, 2017; Goossens et al.,
2020; Lenten and Kendall, 2022; Devriesere et al., 2025a,b) and a book (Csató, 2021)
provide an insight into this area.

4 Data and variables
Data are collected from top-levels individual chess tournaments between the years 2014
and 2025 that used the Swiss-system with standard time control. We have considered the
following six series: Aeroflot Open, Dubai Open, (FIDE) Grand Prix, (FIDE) Grand Swiss,
Qatar Masters, and Sharjah Masters. A tournament was included if it had an average
Elo rating of the participants of 2400 or above, which represents the level of International
Master.

Overall, our dataset consists of 2602 entries (i.e., players per tournament). However,
in some cases, the players did not play in all rounds. This could happen when a player
had a “bye”, which occurs in tournaments with an odd number of players. In this case,
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Table 1: List of the most prestigious Swiss-system chess tournaments, 2014–2025

Tournament Average Std. Dev. Min Max Players Rounds
Aeroflot 2015 2591 78 2379 2756 63 9
Aeroflot 2016 2589 77 2395 2735 80 9
Aeroflot 2017 2584 77 2418 2738 94 9
Aeroflot 2018 2570 75 2386 2724 86 9
Aeroflot 2019 2573 76 2426 2733 93 9
Aeroflot 2020 2556 79 2402 2728 79 9
Aeroflot 2024 2439 102 2270 2732 132 9
Aeroflot 2025 2437 120 2195 2753 120 9
Dubai 2023 2486 120 2227 2729 63 9
Dubai 2024 2455 92 2303 2654 44 9
Dubai 2025 2475 82 2277 2693 60 9
Grand Prix 2017 Geneva 2728 46 2638 2809 18 9
Grand Prix 2017 Moscow 2730 52 2621 2795 18 9
Grand Prix 2017 Palma 2728 48 2629 2801 18 9
Grand Prix 2017 Sharjah 2724 50 2628 2796 18 9
Grand Swiss 2019 2618 101 2300 2876 145 11
Grand Swiss 2021 2639 56 2467 2800 108 11
Grand Swiss 2023 2638 85 2225 2786 111 11
Grand Swiss 2025 2641 69 2287 2785 114 11
Qatar 2014 2514 140 2210 2776 152 9
Qatar 2015 2533 136 2260 2834 126 9
Qatar 2023 2465 123 2250 2839 148 9
Qatar 2024 2439 132 2205 2801 129 9
Sharjah 2021 2533 135 2173 2704 56 9
Sharjah 2022 2566 93 2365 2701 75 9
Sharjah 2023 2617 55 2519 2734 74 9
Sharjah 2024 2598 73 2463 2761 81 9
Sharjah 2025 2559 66 2453 2771 67 9

Columns Average, Std. Dev., Min, Max show the descriptive statistics of the Elo ratings of all players.
Source: https://chess-results.com/; the hyperlinks of the tournaments directly navigate to the
relevant URL.

the player currently ranked last receives a so-called half-point “bye” in each round—but
no player can receive a “bye” more than once. Another situation where players did not
compete in all rounds is when they simply retired before the end of the tournament; for
example, because of health or travel issues. In total, we had 230 players per tournament
that did not compete in all the matches because of a “bye” or retirement. Removing these
cases, we are left with 2372 entries.

Table 1 presents the 28 tournaments used in our analysis with the 2372 player-
tournament observations, representing players who competed in all rounds of the respected
tournaments. In four of them, there were 11 rounds (Grand Swiss), whereas in the other
24 tournaments, nine rounds were used. The average Elo rating was above 2500 in 21
tournaments (and above 2700 in the four Grand Prix tournaments), which corresponds
to the level of Grandmaster, the highest title awarded by FIDE. The average Elo in the
other seven tournaments is between 2400 and 2500.
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Table 2: Descriptive statistics of the variables used

Variable
One game more with white One game less with white

Mean (sd) Min Max Mean (sd) Min Max

Points won
5.033 2 8.5 4.571 0.5 8(1.041) (1.132)

Elo rating 2564 2195 2876 2535 2173 2812(122) (126)

First game with white 0.794 0 1 0.203 0 1(0.405) (0.402)
Observations 1,198 1,174

The performance of the players is quantified by their number of points, which is the
first criterion in the final tournament ranking (see Section 2). Pre-tournament Elo ratings
serve as the measure of abilities. In addition, we have information about the number of
games played with the white pieces, and whether the first match was played with the white
pieces. Table 2 presents the descriptive statistics of these variables, separately for the two
sets of players. Players who had one game more with the white pieces scored a higher
number of points on average. However, they also have a higher Elo rating and started
the tournament substantially more often with the white pieces compared to players who
played one game less with the white pieces.

5 Estimation strategy
We are interested in studying the impact of playing more games with the white pieces
on the overall performance in Swiss-system chess tournaments. If the allocation of the
players between the schedules with more or less games with the white pieces was entirely
random, then we would just compare the means of the final points obtained by the players
from these two groups. The difference would be a consistent estimate of the desired effect.
However, such a simple approach would yield biased and inconsistent estimates in our
case. The reason is that, as observed in Table 2, the allocation of players who play more
games with the white pieces is not determined at random. Rather, there is a selection into
playing more games with the white pieces that is driven by the players’ Elo ratings and
whether they played the first match with the white pieces. To obtain an unbiased causal
effect, it is essential to disentangle the effect coming with the selection (e.g., the abilities
of the players) from the effect caused by playing more games with the white pieces.

To address this issue, we use a statistical matching approach. More specifically, we apply
the radius-matching-on-the-propensity score estimator with bias adjustment (Lechner et al.,
2011). It is not only competitive among a range of propensity score related estimators,
but the subsequent paper Huber et al. (2013) actually showed its superior finite sample
and robustness properties in a large-scale empirical Monte Carlo study.

The main idea behind this estimator is to compare treated and non-treated observations
within a specific radius. The first step consists of a distance-weighted radius matching on
the propensity score. In contrast to standard matching algorithms, where controls within
the radius have the same weight independent of their location, in the radius matching
method, controls within the radius are weighted proportionally to the inverse of their
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Table 3: Propensity score estimation

Variable Effect

First game with white pieces
2.825***
(0.111)

Elo rating
0.004***
(0.0006)

Tournaments dummies Yes
Number of observations 2372

Logit estimates based on all data. Dependent variable is a
dummy of whether a player played one game more with the
white pieces.
Standard errors, given in parentheses, are clustered at the
tournament level. Level of significance: * 𝑝 < 10%; **
𝑝 < 5%; *** 𝑝 < 1%.

distance to the respective treated observations to which they are matched. The second step
uses the weights obtained from the matching in a weighted linear or non-linear regression in
order to remove biases due to mismatches. This approach uses all comparison observations
within a predefined distance around the propensity score, which allows for greater precision
than the fixed nearest neighbour matching in regions where many similar comparison
observations are available.2

The analysis was executed using the radiusmatch command in Stata 16 (Huber et al.,
2012). See Huber et al. (2015) for its details and implementation in different software
packages such as Gauss, Stata, and R.

6 Empirical evidence of unfairness
Our study aims to determine whether playing more games with the white pieces has any
effect on overall performance, as measured by the total number of points obtained at the
end of the tournament. Table 3 reports the results of the propensity score estimation.
Although this estimation serves only technical purposes, namely, to allow the easy purging
of the results from the selection effects, it is nevertheless interesting to see which variables
drive selection. In line with the descriptive results presented in Table 2, Elo ratings and
playing the first game with the white pieces are significantly associated with playing more
games with the white pieces. Tournament dummies are used in this exercise to control
for the invariant features that are assumed to apply to all players (e.g., monetary prize,
number of rounds, number of players, location, weather, etc.).

Table 4 shows the results of the radius matching average impact of playing one game
more with the white pieces on the number of points scored at the end of the tournament.
Each line represents the estimations on different subsamples. Based on all the data (Line
1), players with one game more with the white pieces achieve 0.351 more points on average
than players with one game less. This value is significant at the 1% level. In tournaments
with nine rounds (Line 2), players with one game more with the white pieces score on

2 A number of previous studies have applied this estimator to investigate scheduling and fairness issues
in sports, see, for example, Cohen-Zada et al. (2018); Goller and Krumer (2020); Krumer and Lechner
(2018); Krumer (2020).
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Table 4: Levels and effects of playing one game more with the white pieces

(a) All tournaments

Sample Exp. points
with more

white

Exp. points
with less

white

Effect Std. Error Obs. On-supp.

(1) All data 4.999 4.648 0.351*** 0.055 2372 2362
(2) Nine Rounds 4.776 4.509 0.267*** 0.055 1894 1887
(3) Eleven Rounds 5.509 5.242 0.568*** 0.107 478 455

(b) Tournaments with average Elo above 2500

Sample Exp. points
with more

white

Exp. points
with less

white

Effect Std. Error Obs. On-supp.

(4) All data 5.041 4.681 0.359*** 0.061 1676 1670
(5) Nine Rounds 4.707 4.476 0.231*** 0.062 1198 1195

Logit estimates based on all data. Dependent variable is a dummy of whether a player played one
game more with the white pieces.
Obs.: Total sample used in the estimation. On-supp.: Effective sample after removing units that are
off common support.
Standard errors are clustered at the tournament level. Level of significance: * 𝑝 < 10%; ** 𝑝 < 5%;
*** 𝑝 < 1%.

average 0.267 points more than their counterparts with one game less. However, the size
of this effect in tournaments with 11 rounds is more than doubled to 0.568 points (Line 3).
Both are significant at the 1% level.

Finally, we present the estimations for tournaments where the mean Elo rating is above
2500 points, which represents a level of Grandmaster. Seven tournaments with a mean
Elo rating between 2400 and 2500 are excluded, which leaves us with 21 tournaments (see
Table 1). The results for this subset, reported in Table 4.b, are analogous to the results
for all tournaments in Table 4.a.3

7 Discussion
We have examined Swiss-system chess tournaments with an odd number of rounds from
the perspective of fairness. These competitions turn out to be unfair as players who play
more games with the white pieces enjoy a substantial advantage.

At first sight, a simple solution could be organising Swiss-system tournaments with an
even number of rounds. However, according to Schulz (2020), Swiss-system tournaments
with an even number of rounds are undesirable because they allow for playing two more
games with the black pieces. The reason is that, in order to pair players with a similar
current number of points, the FIDE rules merely restrict the difference between the number
of black and the number of white games between −2 and +2, as we have seen in Section 2.
For example, in the Gibraltar International Chess Festival 2020 - Masters tournament

3 Note that all tournaments with 11 rounds have an average Elo rating above 2600.
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(https://chess-results.com/tnr471965.aspx), 5-5 players had 4 and 6 white games
out of the total 10, respectively.

Nevertheless, Sauer et al. (2024) proposed a sufficiently flexible pairing mechanism that
allows a balanced allocation of white and black pieces between the players in tournaments
with an even number of rounds. Furthermore, while the number of float pairs (players
with different current number of points who are paired in a round) naturally increases, the
ranking quality remains almost the same.

Our finding on the substantial advantage of playing an extra game with the white
pieces suggests that it is worth considering an even number of rounds for Swiss-system
chess tournaments—provided the gain in fairness from equalising colours outweighs the
downsides of more float games, which seems to be probably for us. Exploring this trade-off
remains a promising direction for future research.
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