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Abstract

Manipulation in sports competitions is widespread, but knowledge about how tournament design creates oppor-
tunities for manipulation is limited and scattered. Therefore, the goal of this study is to first identify manipulation
opportunities caused by the way tournaments are designed. Secondly, we analyze which tournament designs are
most vulnerable and most robust towards each opportunity. Based on a thorough review of a broad range of lit-
erature, a framework is developed to categorize manipulation opportunities. The proposed framework consists of
two dimensions: whether benefits are guaranteed, and whether cooperation is needed. If the possibility of manip-
ulation cannot be avoided, we present remedies from the literature that mitigate these opportunities. Finally, we
present a flowchart that shows the impact of tournament design on the occurrence of manipulation opportunities.
This framework provides valuable insights for managers and practitioners who wish to limit manipulation in sports
tournaments.
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1 Introduction
Every sport needs rules. Where the (sporting) rules of the game describe how an individual sport game is played, the
tournament design refers to the rules that determine how the tournament – a series of games between a number of
competitors, competing for one or more overall prizes – is organized. The most defining features of any tournament
design are the qualification rules (including promotion and relegation), format, seeding and draw, schedule, ranking
and prize allocation.[1] Qualification rules designate how players can qualify for a sports tournament. The format
of a tournament determines the set of matches that need to be played, based on how opponents are matched against
each other. In the popular double round robin, for example, each player faces each other player twice. The time
(and location) in which these matches are played is designated by the schedule. In knockout tournaments, where
a player is eliminated after one loss, seeding is typically used to avoid that strong players are eliminated in earlier
stages against even stronger opponents. In contrast, subject to some constraints, a draw allocates players randomly.
Ranking rules define how players are compared to each other. Lastly, the prize allocation states how the prizes are
distributed over the participants. Ideally, the tournament design should be such that players cannot benefit from
losing instead of winning a game[2], and have an incentive to “give it their best”. If a player does not exert full
effort because not winning is deemed more advantageous, it is said that the player manipulates. A tournament in
which incentives for manipulation may arise is called incentive incompatible.[3, 2, 4] In contrast, a tournament that
eliminates any incentive for manipulation is called strategy-proof.

The history of manipulation is probably as old as organized sport itself. Huggins[5] describes a case from the 98th
Olympic games, 388 BC, of a boxer named Eupolus bribing three of his opponents. Since then, sixteen intimidating
Zane statues were erected, financed with the money collected from fines imposed upon bribery-corrupted persons
and cities. These statues reminded the athletes to always give it their best. The Olympic committee of today still
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requires athletes to follow this principle: “Participants in the Olympic Games must not, by any manner whatsoever,
manipulate the course or result of a competition, or any part thereof, in a manner contrary to sporting ethics, infringe the
principle of fair play or show unsporting conduct”[Article 10][6]. This principle is not only central in the Olympics,
but in every sports event.

A player might manipulate for a variety of reasons. In a review of Vanwersch et al.[7] on the causes and con-
sequences of fraud in sports, a distinction is made between betting-related and non-betting-related manipulation.
In the case of the former, financial gains related to betting activities motivate the player to deliberately withhold
effort. In the case of the latter, however, the manipulation is often linked to sporting and competitive outcomes.[8, 9]
The motivation of performing well in a tournament may of course be related to financial benefits.[10, 8] However,
because the financial reward only follows the sporting accomplishment, the motivation to initiate manipulation in
case of non-betting related manipulation is assumed to be of competitive nature. Interestingly, it was found that in-
centives for non-betting-related manipulation almost always result from the way the tournament was designed.[7]
Hence, for league managers, redesigning tournaments to make them strategy-proof can be a more efficient and effec-
tive way to reduce manipulations compared to fair play campaigns. Nonetheless, the literature in the field of sport
management has mainly focused on the individual and organizational drivers for engaging in match-fixing.[11, 7, 12]
Notwithstanding the need to increase moral [13] and to develop preventive measures against manipulation of sports
competitions[14], certain forms of manipulating competition can most simply be reduced by taking away the poten-
tial sporting benefits that can be gained by manipulating.

Devriesere et al.[1] give a thorough overview of tournament design choices and their impact on fairness, however,
they do not discuss manipulation. Still, research about non-betting related manipulation, from here on simply called
manipulation, in sports tournaments has seen a growing interest in the last decade. The review paper of Kendall and
Lenten[15] gives an extensive overview of sports rules that cause obscure incentives and unintended consequences.
They structure their review based on the type of sports, discussing for each type several rules that led to undesirable
consequences. Csató[4] presents various examples and theoretical results about the incentive compatibility and fair-
ness of tournament designs. A recent review of Medcalfe[16] discusses how tournament design affects the behavior
of players; manipulation is briefly touched upon. In contrast to Kendall and Lenten[15], the goal of our study is to
focus on tournament design in general instead of rules specific to certain sports. Moreover, instead of focusing on a
small subset of manipulation opportunities as in the works of Csató[4] and Medcalfe[16], we construct a framework
such that we can identify and analyze a wide variety of manipulation opportunities. To the best of our knowledge,
no unifying framework categorizing manipulation opportunities has been developed yet.

Although not restricted to Olympic sports, the framework is particularly relevant for sports federations, the
International Olympic Committee (IOC), and the Organizing Committees responsible for structuring the Olympic
Games. Each Olympic competition functions as a tournament, with formats often determined by federations in
collaboration with the IOC and host organizers.

The rest of this paper is organized as follows. First, the scope and methodology are briefly discussed. Next,
we introduce some background literature that will be relevant in identifying manipulation opportunities. In the
following two sections, the proposed framework is presented. Wewill use the existing literature to present examples,
as well as to indicate which tournament designs are most robust and most vulnerable toward each opportunity. From
this comprehensive analysis, we deduce and present several managerial insights. Finally, the last section gives the
limitations of this work and concludes.

2 Scope and Methodology
We focus on sports tournaments where players compete in pairs. In such tournaments, a confrontation between two
players is called a game or a match. Hence, we exclude races and jury sports. Moreover, although a clear link is
present between a draft mechanism and manipulation, we also exclude it here. The reason for this is that it is more
related to organizational processes to allocate players to teams than to the design of a tournament. In addition, we
explicitly delineate the scope of this review by excluding economics literature on tournaments unrelated to sports.
The reason for this is that many of the problems inherent to the field of economics such as procurement, contest
theory and mechanism design are already described in large literature reviews. Moreover, there is often no clear cut
connection between these abstract mechanism design problems and the particular formats of sports competitions.

To identify relevant literature, we used the two databases Google Scholar and Web of Science. We did not put
any restrictions on the time frame. The following search string was used in both databases: (“incentive compatible”
OR “strategy-proof” OR “manipulation” OR “match-fixing”) AND (“sports” OR “tournament” OR “competition” OR
“design” OR “format” OR “schedule”). These keywords were identified as yielding promising directions during the
exploratory searches. Once an initial set of articles was found, we filtered the articles based on whether the dis-
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Figure 1: Number of academic works that deal with both tournament design and manipulation opportunities by year
(n=49).

cussed manipulation opportunity was caused or influenced by, directly or indirectly, a tournament design choice.
Furthermore, we omit those contributions that are not in line with our scope.

Next, the snowball sampling method [17] was used to find further relevant articles. This involves searching the
reference list of the selected articles and is a well known method to accompany database searches, as it confirms
saturation and ensures comprehensiveness.[18, 19] A first search was performed on 20th September 2024, while a
second search was made on 10th March 2025.

Figure 1 shows the number of included academic works that deal with both manipulation opportunities and
tournament design. These articles are marked in the reference list by an asterisk (*). As can be seen from the plot,
research in this field began sparking interest from 2009 on and has seen a significant increase in the last five years.

These articles illustrate the impact of specific tournament design choices on opportunities for manipulation,
thereby establishing the foundation of our proposed framework (Figure 3) and flowchart (Figure 4). Before delving
into these contributions, the following section provides an overview of the relevant background literature, focusing
on three key topics: tournament formats, perceived match importance, and the measurement of strategy-proofness.
The terminology and definitions introduced in this section are frequently referenced throughout the discussion of
each manipulation opportunity.

3 Related literature

3.1 Tournament formats
The format of the tournament designates which games are to be played throughout the tournament. At the heart of
tournament design lie two basic formats: round robin and knockout tournaments. While in a round robin tourna-
ment, each team plays a fixed number of games, knockout tournaments are characterized by the fact that teams may
be eliminated from the tournament after losing, and hence the number of games they play depends on their results.

In a k-round robin (kRR), each participant faces all other participants k times. Since a 1RR is typically called a
“single round robin” and a 2RR is called a “double round robin”, we will use the notations SRR and DRR, respectively,
for these tournament formats. In case k ⩾ 2, the kRR usually can be split up into k phases (also called legs), such
that in each phase, each opponent faces each other opponent once.

In an incomplete round robin tournament (iRR), the number of teams is higher than the number of games played
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by a team plus one. They each play the same number of games, but they only face a subset of their opponents.[20]
The so-called Swiss tournament is an incomplete round robin tournament, where each team’s opponents are deter-
mined as the tournament proceeds. Indeed, the pairs of teams that are matched together depend on their results in
the previous matches. A typical approach is to pair players with similar historical results. The Swiss system is often
used in chess.[21, 22, 23, 24]

72635481

Figure 2: SKO with standard seeding

In a single knockout tournament (SKO), teams only have one chance to advance to the next round. A SKO of n
teams can be represented by a binary tree with n leaf nodes and one root node. It is common to label the teams with
a number from 1 to n representing the strength of the team (1 being the strongest team and n the weakest). Seeding
is often used to avoid that the strongest contestants face each other already in the beginning of the competition. [1]

In a double knockout (DKO) tournament, one loss is allowed in the tournament [25, 26]. This format is organized
as two separate SKOs: the first SKO is called the main tournament, while the second SKO is called the consolation
tournament. If a participant loses in the main tournament, it moves to the consolation tournament. A loss in the
consolation tournament leads to the exit of the participant. If the winner of themain tournament loses the final match
against the winner of the consolation tournament, a rematch is played between these two participants. Another
possibility is the knockout tournament with repechage. In this case, the winner of the main tournament is the
winner of the tournament as a whole, while the bronze medal is given to the winner of the consolation (repechage)
tournament.

More complicated formats can be built with these two basic formats. In a multistage tournament, the tournament
is divided into multiple stages. If the number of teams is large, the first stages of the tournament are typically
organized as group stages. Each team is distributed into one of the groups. Each group then plays a sub-tournament,
with the best teams (typically two) of each group advancing to the next stage.

3.2 Perceived match importance
When considering the vulnerability of matches towards manipulation, it is useful to classify a match based on how
important that match is to both players. A match i − j is said to be important for i with respect to some prize X
(e.g. qualifying for the playoffs) if its result in that match could make the difference between winning and losing
X . If i is already sure it will get prize X , no matter the result of the match, i is indifferent and does not deem
the match to be important with respect to X . The same result applies if i has no chance anymore of obtaining X .
Then, a match can be classified into three categories: either the match is important to both players, to exactly one of
the players, or to none of the players. Csató et al.[27] call these matches competitive, weakly stakeless and strongly
stakeless, respectively. Moreover, Csató and Gyimesi[28] classify stakeless matches based on their expected outcome.
Such matches are considered more detrimental when the indifferent team is more likely to win by playing honestly,
as opposed to when it is likely to lose regardless of its incentives. In contrast, Chater et al.[29] do not distinguish
between strongly and weakly stakeless matches, but simply call a match stakeless if at least one of the players is
indifferent. However, they do make a distinction in competitive games based on whether the targets of both players
are compatible or not. A competitive game for which there exists a set of outcomes that ensures that both teams
receive X is said to be collusive. Since weakly stakeless matches contain an asymmetry in the evaluation of the
importance of the match, they are said to be asymmetric.[30] A match in which at least one of the players its position
is fixed is called irrelevant in Faella and Sauro.[31] The authors prove that, unfortunately, the occurrence of irrelevant
matches in conventional round robin tournaments cannot be avoided if the number of players is at least six.

Although we will not discuss betting-related manipulation opportunities, we note that teams that have no sport-
ing incentive to exert effort are at higher risk to be approached by bookmakers.[32] Therefore, although strongly
stakeless matches might not be undesirable from a non-betting related perspective, they should be avoided as much
as possible.
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Figure 3: Framework to categorize manipulation opportunities

3.3 Measuring strategy-proofness
Strategy-proofness is often introduced as a binary concept: either a tournament allows for manipulation opportuni-
ties or it does not.[33] Therefore, strategy-proofness can be established by showing that a particular design avoids
the occurrence of manipulation opportunities altogether. On the contrary, any counterexample is sufficient to refute
that a design is strategy-proof. The counterexample might be a situation that happened in the past [15] or a hypo-
thetical scenario.[34, 35, 2] A drawback of using strategy-proofness in this way is that it does not say how vulnerable
a tournament design is.

Vong[3] notes that “devising a method to quantify incentive compatibility would allow for the study of trade-offs be-
tween incentive compatibility and other potentially desirable factors”. Similarly, Arlegi and Dimitrov[36] suggest that
it would be interesting to have a class of “almost fair” competitions designs: designs that are generally strategy-proof
and are unfair only over a limited set of extreme cases. Csató[33] claims that this research gap can be filled by mea-
suring the “strategy-proofness” of tournament designs by Monte Carlo simulation, a well-established methodology
where a tournament is repeatedly simulated by randomly sampling match outcomes from an underlying statistical
distribution.[37, 38, 39, 40, 41, 42, 29, 27] By averaging or counting the results over all simulation runs, meaningful
insights can be derived about the dynamics of the tournament design. The vulnerability of different tournament
designs can be compared by counting, for example, the average number of manipulation opportunities in each de-
sign. This is done, for example, by Stronka[43] and Csató[44], who both use simulation to estimate the probability
of manipulation in small RR tournaments. Moreover, comparing the odds of winning that result from such models
with betting odds can give an indication of potential manipulation (see e.g. Forrest and McHale[45] for match-fixing
monitoring in football and tennis).

4 The framework
Figure 3 presents our framework that categorizes manipulation opportunities, established by carefully scrutinizing
the literature. All of the identified manipulation opportunities can be categorized based along two dimensions: a)
whether cooperation between players is needed for successful manipulation and b) whether the manipulation yields
a guaranteed or expected benefit. In some cases, manipulation is possible regardless of the reaction or intention of
the opponent, while in other cases, the manipulation can only succeed if – tacit or explicit – arrangements are made
with the opponent before or during the match. A guaranteed benefit is a benefit that is certain if the manipulation
is successful. In contrast, with an expected benefit the initiator only increases the probability of reaching its target.
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The target is typically some goal that goes beyond winning an individual match, such as winning the tournament.
In the next section, we discuss the manipulation opportunities along these two dimensions.

5 Opportunities for manipulation

5.1 Asymmetric interests
5.1.1 Guaranteed benefit-Cooperation needed

In some cases, the stake of winning a match for one team substantially outweighs the costs of losing it for the
other. This creates an opportunity for bribing the opponent to lose on purpose and/or the referee to make bi-
ased decisions.[46] For instance, Speer[47] estimates that relegation from the English Premier League costs between
£180.5-210 million over the next seven years after relegation. Indeed, there have been many cases of bribery that
were motivated by the desire to avoid relegation, see Table 1 in the work of Maennig.[48] In case of a match between
a middle ranked and a team on the verge of promotion or relegation, there is an asymmetry in the evaluation of the
stake.[30] The team that suffers little or no sporting consequences of a loss has an increased incentive to cooperate.
Indeed, the risk of successful bribery is aggravated in weakly stakeless matches, where winning the match is im-
portant for one team but is deemed relatively unimportant for the other. However, this type of manipulation is not
necessarily accompanied by bribery. Indeed, a recent study examining the motives behind manipulation in Belgian
amateur football and tennis competitions revealed that, in cases where a team intentionally lost a game to benefit
its opponent’s sporting objectives, the majority of the losing teams reported deriving no tangible benefit from their
actions. In fact, they frequently cited friendship as the primary motivating factor.[49] In any case, cooperation is
needed for this type of manipulation. Moreover, because of the explicit agreement between all parties involved, the
target can often be guaranteed.

In round robin tournaments, asymmetries can arise in a wide variety of circumstances. Elaad et al.[50] found
that in games where one team is in immediate danger of relegation, and the other team is not affected by the result,
the team in danger is more likely to obtain the desired result in countries with a high perceived level of corruption.
Moreover, Hill[51] collected a database of matches that were known to be fixed and found that most of the fixing in-
deed happened in the last quarter of the season, where (weakly) stakeless games typically occur more frequently.[39]
Caruso[30] uses game-theory to explain how asymmetric interests can lead to manipulation opportunities. The re-
sulting model is applied to the case of UEFA and FIFA football championships, where the reward for reaching the
subsequent stage is much bigger than that for winning a single game in the group stage. In order to reduce the level of
asymmetry, Caruso[30] proposes a wider reliance on performance bonuses in individual matches. Likewise, Hill[51]
proposes to reward teams more intensely for individual games, such that middle-ranked teams are not indifferent
between winning or losing near the end of the season.

The tournament’s schedule may also have an impact on the occurrence of weakly stakeless games. Recently, a
simulation study by Csató et al.[27] looked at all possible schedules for the last two matchdays of the UEFA Cham-
pions League group stage. The schedules that minimized the number of weakly stakeless games where found to be
characterized by the strongest team playing home against one of the middle teams in the last round.

Furthermore, tie-breaking rules can impact the competitiveness of the tournament. Csató[52] found that giving
priority to goal difference over head-to-head results reduces the probability of a team being sure of its final position
before the end of the tournament.

Incomplete round robin tournaments are also prone to asymmetric interests. For instance, in Japanese sumo-
wrestling tournaments, 15 games are played per contestant. The eighth win results in a gain of approximately 11
ranking points compared to only three points for any other win. The game-theoretic model of Duggan and Levitt[53]
predict that in the last matchday between two players with win-loss records 7-7 and 8-6, the former might be able
to successfully bribe the latter. Dietl et al.[54] update the study of Duggan and Levitt to take into account changes
since January 2000. The results reinforce that the structure of promotion in rankings in iRR tournaments gives
incentives for match-fixing. However, based on a simulation study of the old and new UEFA Champions League
formats, Gyimesi[55] finds evidence that the iRR format, with a single ranking table, might be more robust than the
format in which teams are partitioned into groups, where each group is organized as a DRR with its own ranking
table.

In a Swiss tournament, matches are scheduled round per round, instead of all at once for the whole tournament.
This is called dynamic scheduling, and is often used to pair players with a similar rating or strength, based on the
argument that such games are more exciting and close. A recent application for dynamic scheduling in e-sports
tournaments can be found in.[23] Glickman[56] also applies dynamic scheduling by pairing players round per round
such that the probability that the best player advances to the next round is maximized. Similarly, one could use



This is the peer-reviewed author-version of https://doi.org/10.1177/17479541251339972, published in International
Journal of Sports Science & Coaching. © 2025. Devriesere et al.

information obtained from prior rounds to avoid scheduling weakly stakeless matches as much as possible in the
next round. We emphasize, however, that dynamic scheduling involves additional challenges, including fairness
and transparency issues.[21, 22] Moreover, in sports where opponents need to travel between venues for each game
(unlike chess and esports), dynamic scheduling can create logistical complexities.

In principle, single knockout tournaments avoid asymmetries from occurring, since a loss directly eliminates
the player. However, if other interests than the tournament at hand play a role, asymmetric interests may still
exist. In tennis, players choose throughout the year which tournaments to participate in. The performance in
each tournament impacts the overall ranking of the player. Only the 104 highest-ranked players qualify for the
prestigious Grand Slam tournaments. Participation alone in all four Grand Slam tournaments can account for half of
a player’s salary.[10] Thus, a notable asymmetry is present in matches between a player who has already qualified
and a player who desperately needs a win to qualify. Indeed, evidence of financially motivated bribery was found in
male’s tennis.[10]

5.2 Shared interests
5.2.1 Guaranteed benefit-Cooperation needed

Teams have a shared interest if there exist a final score which allows both teams to obtain their goal (e.g. qualifi-
cation). Collusion involves the cooperation of players in order to gain some mutual benefit at the expense of other
players; Chater et al.[29] call a game that allows this collusive. Most of the research on collusion has been done for
group stages with three or four players, followed by a knockout phase. We will start with the case of four players.

Table 1: Disgrace of Gijón 1982, see Section 3.9.1. in Kendall and Lenten (2017)

Rank Team Pld W D L GD Pts

1 Austria 2 2 0 0 +3 4
2 Algeria 3 2 0 1 0 4
3 West-Germany 2 1 0 1 +2 2
4 Chile 3 0 0 3 -5 0

The most infamous example of two teams colluding at the expense of a third team is most probably the “disgrace
of Gijón”, which took place in the match between Austria and West Germany in the 1982 FIFA World Cup. This
match was played after the other teams in the group, Algeria and Chile, had completed all their matches. Table 1
shows the standing before the match Austria - West Germany. A win was worth 2 points at that time. According to
the tie-breaking criteria of the tournament, if West-Germany would win with a goal difference of at most two goals,
both Austria and West-Germany would qualify for the next stage. West-Germany scored a goal after ten minutes.
During the rest of game, neither team did any effort to attack. The benefit in this case was guaranteed: a successful
cooperation ensured that both teams advance to the next stage. This event provoked a rule change so that the last
two games of any group stage are played simultaneously.[15]

Table 2: Possible schedules of the last matchday of a SRR with four teams

S1 S2 S3

a− d a− c a− b
b− c b− d c− d

It turns out that the schedule can have a significant impact on the occurrence of collusion opportunities. In case
of a SRR group stage with four teams a, b, c, and d (decreasing in strength), where the best two teams of each group
qualify to the next stage, there are three possible ways to schedule the last matchday, as is shown in Table 2. Using a
simulation model for the FIFAWorld Cup with 32 teams, Chater et al.[29] find that S2 is the most prone to collusion,
although opportunities seem to be rare (5%) because the matches are played simultaneously. However, S3 has a high
probability of stakeless games (67%), since there is a large probability that a and b, being the two strongest players,
have won their first two matches and are therefore already sure of qualification. Therefore, even though the exact
percentages might be specific to the case of the FIFA World Cup, these results suggest that S1 is the best option if
collusion opportunities are to be minimized.[42, 29]
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Collusion opportunities can also arise if a subset of the kth-ranked teams of each group qualify, which is a popular
method to populate the knockout bracket if the number of groups is not a power of two. Typically, not all groups
finish at the same time. Then, the kth-ranked team of the last group has full information about the result it needs in
order to be part of the best kth-ranked teams. Peculiarly, the probability of this collusion opportunity is shown to
be maximal with schedule S1 (Table 2), which is also the schedule that is best at preventing collusion opportunities
if there are only two qualifying teams per group.[29] To mitigate collusion if the number of groups is not a power of
two, suggested solutions include using imbalanced groups[28], adopting a double-elimination format[57], limiting
qualification to at most two teams per group[58], granting one team a bye in the semifinals[58], or structuring each
group as an iRR.[59]

Collusion opportunities are also prevalent, however, if the number of teams is three in each group. Suppose the
first two games end in a tie. Then, the two teams that only played one game, can agree before the last matchday to
tie and score as many goals as required so that they both qualify. Letting the strongest team play in the first two
games significantly reduces the probability of collusion.[59, 29, 43] The intuition behind this result is that such a
schedule maximizes the probability that the two other teams lose their first match and therefore both have to win
their last match in order to qualify, making collusion impossible. Dynamic scheduling has recently been shown to
mitigate collusion opportunities even further.[43] For instance, strongly stakeless matches can be avoided by letting
the winner of the first round rest on the second matchday, avoiding that a team is already guaranteed to qualify
before the last matchday.[60] In order to avoid collusion opportunities completely, however, there should only be
one prize.[3]

Lasek et al.[61] describe how two teams can collude in order to improve their positions in the FIFAWorld Ranking
used from 2006 to 2018. Both teams could agree, for instance, to let each win half of their mutual games (and hence
lose the other half). This strategy works in general if more points are awarded for a win than are deducted for a loss
in the final ranking.

Finally, tie-breaking rules also impact collusion opportunities.[4] Berker[62] performs a simulation study based
on the UEFA 2012 European Championship. With head-to-head results as tie-breaker, it was estimated that in 10% of
the cases the relative rankings of two teams would be influenced by a match in which neither team had participated.
Contrary, if goal difference was the tie-breaking mechanism, such situations occurred in only 0.1% of the cases.
Similar results were reported for the 2024UEFAEuropean Football Championship.[63] As a result, in order tomitigate
collusion opportunities, goal difference should be favored over head-to-head results as the main tie-breaking rule.

5.3 Community thinking
5.3.1 Expected benefit-Cooperation needed

In contrast to collusion, where players work together but ultimately act out of self-interest, community thinking
refers to players making decisions based on the interest of the community, sometimes even sacrificing their own
winning chances. During the badminton semi-finals of the Olympics in 2004, the Chinese player Zhou Ming report-
edly lost her match against the Chinese player Zhang Ning, since it was believed by the coaching staff that Zhang
would have a greater chance of winning the final. The target of a Chinese player winning the tournament is not
guaranteed, however, since Zhang could still lose the final.[64] Hence, we say the benefit of this manipulation op-
portunity is expected. Similarly, Moul and Nye[65] found evidence that between 1940 and 1978, Soviet chess players
agreed to tie intentionally against other Soviet players, this to preserve their energy for playing non-Soviet players.

Another example of community thinking arose in the first edition of the UEFA Women’s Nations League, which
served as the qualification tournament for the Olympic Games in 2024. Even though England, Scotland, Wales and
Northern Ireland are each independent football nations, it is only the United Kingdom (as “Team GB”) that is able
to participate in the Olympics. In order to give the UK only one chance rather than four to qualify, England was
designated as the only of the four nations that can earn a ticket for the Olympics, on behalf of the UK. In the last
matchday of the group stage, Scotland played against England. If England won against Scotland, it still had a chance
to advance to the next stage of the tournament and clinch a ticket for the Olympics.[66] Indeed, England won with
6-0, suggesting that Scotland acted out of interest of the community.

Finally, we note that in the operations research and computer science literature, much attention has been given
to the case where community members sacrifice their own winning chances to the aid of the community favorite
already from the beginning of the tournament.[67, 25] When pairwise match results are deterministic and known to
all players, it is possible for the players to calculate whether manipulation is beneficial or not.

However, even in this unrealistically simplified case, determining whether successful community thinking is
possible or not quickly becomes computationally challenging when the number of matches increases.[67] Therefore,
it is sometimes said that the complexity of the problem itself serves as a barrier towards manipulation. In fact, the
lack of empirical evidence that such a manipulation can be successful, suggests that the tournament fixing problem
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is of limited importance in practice. Hence, in order to mitigate opportunities for community thinking, one should
focus on limiting the number of matches between probable community members (e.g. same club or nationality), for
example by careful seeding and group composition. Csató[33] shows how draw constraints can be used to that end.
To avoid community thinking altogether, one could also restrict the number of participants of each community to
one, although it seems unlikely that such a solution would be desirable in practice.

5.4 Multiple qualification paths
5.4.1 Guaranteed benefit-No cooperation needed

Where in some sports (e.g. tennis) the global ranking of players determines qualification, in many sports qualification
for a tournament is based entirely on the performance in one or more specific tournaments. We consider the setting
with several independent qualification tournaments where some teams participate in more than one tournament. Of
course, a team cannot qualify more than once. In case a team satisfies the qualification criteria in multiple tourna-
ments, it qualifies through one of these tournaments, and vacant slots are created for the others. The allocation rule
determines how these vacant slots are filled.

Dagaev and Sonin[2] show that opportunities for manipulation arise in such a setting, if one of the following
conditions hold: (i) there are multiple round robin tournaments, each with at least one qualification ticket to win,
or (ii) one round robin and some knockout tournaments each give access to at least one qualification slot, and the
allocation rule does not always favor the round robin tournament.

Table 3: Example of a qualification tournament consisting of a SRR and a SKO
SRR SKO

Rank Team Pts Pld

1 a 13 5
2 c 10 5
3 b 8 4
4 d 4 4
. . . . . . . . . . . .

Rank Team

1 b
2 d
. . . . . .
. . . . . .
. . . . . .

In both settings, a manipulation opportunity is present because a player can deliberately let a preferred opponent
qualify, such that the qualification rule allocates the player to the vacant spot. To illustrate this principle, we discuss
the second setting by means of the example in Table 3, and refer the interested reader to the work of Dagaev and
Sonin[2] for an illustration of the first setting. Suppose that players can qualify for tournament T either by finishing
in the top 2 of SRR or by winning SKO. In case that the winner of SKO also finishes in the top 2 of SRR, a vacant
slot is created. A natural solution would be to allocate the vacant slot for T to the third placed team of SRR. Now,
suppose the rule dictates that the vacant slot is instead filled by the runner-up of SKO. Under this rule, d has an
incentive to lose against b in its final SRR match, since this means that b would jump to the second place, ensuring
that d qualifies for T instead of c.

Such rules occur often in domestic football tournaments, where teams can qualify for an international tourna-
ment either through the domestic competition (organized as a kRR) or through the domestic cup (organized as a
SKO). Manipulation opportunities were for example present in the 2011/2012 Dutch Eredivisie [4]. Other examples
from football that fit the requirements of the second condition are the qualification rules for the UEFA Champions
League from 2015-2018[35], the UEFA Euro 2020 qualification tournament [68] and the European Qualifiers for the
2022 FIFA World Cup.[33] Moreover, while Csató and Ilyin[69] present that the new format of the UEFA Champi-
ons League, introduced from the 2024/25 season, has eliminated the misaligned incentives of the seeding regime
identified by Csató[70], its qualification system again suffers from incentive incompatibility. Interestingly, the au-
thors observe that, despite the different setting, UEFA could have avoided manipulation opportunities by following
the recommendations of Dagaev and Sonin[2], which highlights the need for stronger collaboration between sports
organizations and the academic community.

On top of illustrating how qualification rules can lead to manipulative behaviour, Csató[33] uses simulation to
quantify the risk of manipulation. He finds that the rules that settle the qualification of European countries for
the FIFA World Cup 2022 result in a 1.4% probability of manipulation opportunities. On the other hand, Scelles et
al.[71] provide empirical evidence that the UEFA Nations League did not compromise the integrity of national men’s
football team competitions despite the introduction of multiple qualification paths. The authors count the number
of games in which a team had an incentive to lose in periods 2014-2016 and 2018-2020, and find only one such case.
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Clearly, the benefit in this type of manipulation is guaranteed, as a loss grants immediate qualification to a
tournament. A natural solution to this problem is to allocate all vacant slots based on the results of exactly one of
the tournaments.

5.5 Unequal treatment of results
5.5.1 Guaranteed benefit-No cooperation needed

In somemulti-stage tournaments, teams carry over a part of their results to the next stage. In the 2018 FIFAWorld Cup
qualification tournament matches played against the lowest ranked team of each group were not taken into account
when comparing group runners-up. The 2016 UEFA European Under-17 Championship qualification also determines
the best runners-up based on their results against the group winners and third-placed teams (but not against the
teams ending last), resulting in a situation where two teams benefit more from a tie than from a win.[72] Moreover,
in the previous FIFA World Ranking, used between 2006 and 2018, a win would have resulted in a loss of ranking
points under some circumstances.[61, 73] In general, Csató[74] shows that multi-stage tournaments where teams are
merged into new groups such that only the results against teams that are also in the new group are carried over are
not strategy-proof. This is because teams can influence the number of points that are carried over by deliberately
losing matches in the last games. Other examples of tournaments that suffer from this issue can be found in handball
[74] and cricket.[15] The benefit in this case is also guaranteed: an intentional increase in the number of points a team
carries over. In order to avoid these manipulation opportunities, all results from previous stages should be treated
equally.[75] Carrying over all points is, for example, robust towards this type of manipulation. However, it might
also result in a loss of suspense and excitement in the subsequent round. Moreover, in a qualification tournament
where teams are initially distributed over different groups, these groups are potentially unbalanced with respect to
the strengths of the teams (and the weakest team of the group in particular). In this case, carrying over all results
aggravates the imbalance of the initial stage.

Another possibility is to carry over only half of the points. Csató[74] simulates match outcomes of two handball
tournament designs and finds that carrying over half of the points results in more uncertainty about the possible
winner. This makes the tournament more exciting and diminishes the effect of the draw or seeding. In European
domestic football competitions, carrying over half of the points to the subsequent stage is applied in, for example,
Belgium and Romania.[76]

Lastly, the extreme case where none of the points are carried over also avoids this manipulation opportunity.
This case, however, fails to reward good performances in the earlier stages.

5.6 Meeting a preferred opponent
5.6.1 Expected benefit-No cooperation needed

In multi-stage tournaments that contain a group stage, a popular way of partitioning the teams into groups is to seed
the teams first into pots based on, for example, historical performance, such that pot 1 contains the strongest teams,
pot 2 the second strongest teams, etc. Then, a group is formed by assigning teams to groups such that each group
contains exactly one team from each pot. In this case, teams have an incentive to be seeded in higher pots, as this, in
theory, leads to easier (and thus more preferred) opponents in the group stage. Csató[77] presents two hypothetical
cases from major football tournaments where a team would have ended up in a higher pot by throwing a certain
match. He also develops a mathematical model that reveals in which cases such opportunities for manipulation
occur. A further example is the seeding system of the UEFA Champions League between the 2015/16 and the 2023/24
seasons, where misaligned incentives have been caused by the allocation of vacant slots in Pot 1[70], an issue that
has been discussed in the section “Multiple qualification paths”.

If the group stage is followed by a knockout tournament with the two best teams from each group, the best team
of each group is typically paired with the second best team of another group. The purpose of pairing teams in this
way is to give an incentive to exert full effort in the first stage, since in principle the runner-up is the weaker team.
However, based on the results of the UEFA Champions League and UEFA Europa League until 2019-20, Engist et
al.[78] conclude that a higher seeding does not lead to a higher probability of qualifying for the knockout stage. In
fact, sometimes a lower seed can bemore favorable, as is shown in Baumann et al.[79] Indeed, a teammay deliberately
want to lose in order to end up second and play against the winner of another group, if that winner is perceived to be
an easier opponent than the runner-up. Of course, the benefit here is only expected, as playing against a preferred
opponent does not mean that a win in the next round is ensured. Furthermore, the winner and runner-up of the same
group are often placed in different sides of the bracket. Thus, by deliberately losing, a player may force being placed
on the perceived easier side of the bracket. This happened, for example, at the 2012 Olympic badminton scandal.
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Eight players from the women doubles competition were disqualified for throwing matches in the group stage, such
that they would get easier opponents in the knockout stage.[15] Unfortunately, Pauly[80] and Vong[3] show that a
multi-stage tournament can only be robust towards this manipulation if at most one player of each group is allowed
to advance to the next stage. However, this solution is often not desirable, as it would lead to the elimination of an
excessive number of teams already after the group stage.

Kräkel[81] shows that in order to reduce this risk in multi-stage tournaments, the uncertainty about the op-
ponents in the next round should be maximal. This is achieved when the last matches of every group are played
simultaneously and when the final matches of two groups whose top contenders are matched together are played si-
multaneously as well. While the choice of schedule was found to have a significant impact on collusion opportunities
in the group stage of the 2022 FIFA World Cup[29], Csató[44] computes that opportunities for meeting a preferred
opponent occur with an estimated probability of 25%, and are barely influenced by the schedule in this format. There-
fore, it is concluded that more fundamental reforms are needed to reduce these opportunities. One such approach
is to allow group winners to meet a preferred opponent as a reward for winning the group. Stronka[42] proposes a
method based on the preferences expressed by the group winners. Group winners are paired if they both indicate
that they want to play against each other. Otherwise, a winner is matched with a runner-up from a different group.
Intuitively, with this method, it is better to win since this gives the group winner the opportunity to indicate its
preferences. Applying this approach to the FIFAWorld Cup 2018, they show through simulation that their proposed
method reduces the temptation to lose significantly. A more radical approach is the “choose-your-opponent” design.
First proposed by Hwang[82], this design lets qualified teams choose, based on previous results, who they want to
play against. This format has been used, for example, in several Ice Hockey Leagues. An extensive discussion of the
choose-your-opponent design is given by Guyon.[83] Together with Hall and Liu[84], incentives to manipulate are
shown to shrink significantly.

However, teams sometimes look further in the bracket than the next round. In the case of the 2012 Olympic
badminton scandal, the incentives to lose came from the possibility of avoiding a team later than the next round.
Therefore, one could schedule all games of the last matchday of each group simultaneously. Although this might be
undesirable from a commercial perspective, UEFA follows this policy in the new incomplete round-robin format of
its club competitions. Another solution to this issue is to avoid the use of a predetermined bracket, but instead to
have a draw after each round. However, in some tournaments this may be challenging due to time constraints, as
the brackets are designed to balance the number of rest days for the teams.

There also exist single stage tournament formats where these manipulation opportunities can arise. In case of a
Swiss-system tournament, an intentional early loss might lead to weaker, hence preferred, opponents in later rounds.
Cseh at al.[24] analyse whether this strategy, which is called the Swiss Gambit (not to be confusedwith the identically
titled sequence of opening moves), can work. According to their experiments, it is a risky gambit rather than a
reliable tool to improve the final rank. In contrast to single knockout tournaments, double knockout tournaments do
not avoid this type of manipulation opportunity. Indeed, Stanton and Williams[25] show that, under deterministic
outcomes, a player might manipulate if it can obtain a more favorable position in the consolation tournament. This
type of manipulation may also occur in knockout tournaments with repechage if a player considers their chances
of winning the main tournament negligible and finds that deliberately losing at a strategic moment improves their
prospects in the consolation tournament. However, further research is needed to quantify the magnitude in which
these opportunities occur.

Finally, we note that teams can also have an incentive to meet a preferred opponent not because of sporting
but because of monetary rewards. For example, for each of its international football competitions, UEFA ranks the
qualified teams based on their performance in the last ten years. A part of the total revenue is distributed according
to this ranking, with higher-ranked teams receiving a larger share. Csató[85] presents a case from the English
Premier League, in which Arsenal had an incentive to lose against West Ham United. By doing so, West Ham would
secure qualification for the Europa League instead of Manchester United. This scenario arose because West Ham
had an inferior record than Arsenal, while Manchester United had a superior one. Consequently, a loss would have
resulted in Arsenal receiving greater financial rewards than if they had won. Notably, while the monetary benefit
was assured, there was no guaranteed sporting benefit.

6 Solutions and implications
Figure 4 shows a flow chart for (multi-stage) round robin and knockout tournaments, identifying which design
elements provoke manipulation opportunities. Single knockout tournaments with only one member per community
are robust towards all opportunities discussed in this review. Yet, it also has several disadvantages. Half of the players
play just one game, which may be undesirable for these players and their fans. It is also not especially effective at
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Figure 4: Flowchart manipulation opportunities per stage

identifying the best player (see e.g. Sziklai et al.[26]). On the other hand, round robin tournaments additionally
contain the risk of asymmetric and shared interests. If a RR tournament is used in the group stage, collusion can be
avoided by letting only the best team qualify from each group (i.e. only one prize per group is present). However,
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this results in an early elimination of at least two-thirds of all teams. Lastly, in case of multi-stage RR tournaments,
treating all results of previous stages equally combined with not revealing the seeding or group composition of the
next stages, further avoids manipulation opportunities.

The previous analysis shows that solutions reducing manipulation opportunities often result in less interesting
tournaments from a spectator perspective or sports enjoyment perspective. Hence, league managers need to make
the trade-off between a strategy-proof tournament design and the interest of stakeholders, such as fans, sponsors,
and teams. Indeed, attractiveness, efficacy in determining the best player, and operational aspects, are often deemed
equally if not more important than strategy-proofness by practitioners. Although there have been some success
stories where research has nudged practitioners towards a more strategy-proof design (e.g. FIFA abandoning the
idea of groups of 3 for the World Cup, and revising its country ranking system), we believe that neglecting this
trade-off has been one of the main reasons why such stories remain rare. Therefore, in the remainder of this section,
we discuss some promising intermediate solutions.

Community thinking can be reduced by introducing a draw after each round, with the constraint that pairings
between community members should be avoided as much as possible. Such constraints are prevalent in international
club competitions, where matchups between teams from the same association are often forbidden in the first round
of the knockout stage. However, if the favorite teams are concentrated in the same associations, Csató[86] finds that
this policy may increase their probability of winning the tournament. Hence, the use of this policy can come at the
cost of strengthening the dominance of a community.

Unfortunately, it seems that asymmetric matches or common interests cannot be avoided without dynamic
scheduling. In case of dynamic scheduling, information about manipulation opportunities can be taken into ac-
count if they are revealed throughout the season. Therefore, although perhaps not applicable to all settings due
to practical reasons, we believe dynamic scheduling could emerge as a powerful instrument against manipulation.
However, the possible reduction of manipulation opportunities with dynamic scheduling depends on the number of
teams, since at some point the possible pairings may be too limited to prevent manipulation opportunities. Future
research is needed to clarify this relationship. Moreover, we emphasize that the Swiss system is not strategy-proof
per se, as customized pairing rules are needed to avoid manipulation opportunities.

In case of a group stage, awarding a single prize per group rules out shared interests. If that is not manageable,
partitioning the teams into groups of even size prevents that, in the last round, some teams collude at the expense
of the passive team. Scheduling all games of the last matchday simultaneously creates maximal uncertainty, thereby
limiting opportunities for collusion and meeting a preferred opponent. Moreover, a carefully selected schedule can
further decrease these opportunities. In the case of four teams, pairing the strongest with the weakest opponent
in the last round was found to reduce collusion opportunities the most. The choose your opponent design seems a
promising tool as well, since here, teams always have an incentive to finish in a higher position.

Finally, in case of multiple qualification tournaments (not in Figure 4), a natural solution would be to allocate
vacant spots based on the ranking in exactly one tournament. If nevertheless a round robin and a knockout tourna-
ment grant access to the main tournament, the ranking in the round robin tournament should be favored. In case
of multiple round robin tournaments, the probability of manipulation opportunities can be reduced by draw restric-
tions, that is, by avoiding group matches that may be vulnerable to manipulation. Such matches can be identified
with, for example, the help of simulation.[33]

7 Concluding remarks
The purpose of this study was to structure the literature on non-betting related manipulation in sports tournaments,
and organize it in a common framework. A limitation of this framework is therefore that is based only on tourna-
ment designs and manipulation opportunities that have been described in the academic literature. The vast majority
of this literature focuses on single knockout tournaments, round robin tournaments, or particular multi-stage (hy-
brid) tournament designs corresponding to a few well-known competitions (e.g. FIFA World Cup, UEFA Champions
League) and sports (mainly football). However, several other designs and sports, such as the various knockout de-
signs with repechage (fencing, martial arts), serial knockout tournaments (darts), ladder tournaments (squash), have
not been studied from a manipulation perspective. Therefore, our framework might be biased in the sense that it
does not align well with undocumented manipulation opportunities. However, since a ladder tournament is a sin-
gle knockout tournament where the winner of each match plays the next entrant in increasing order of rank, we
expect that it only suffer from community thinking. The opportunity “meeting a preferred opponent" is possible in
knockout tournaments with repechage, although the extent to which this opportunity can occur is unknown. In a
serial knockout tournament, a series of single knockout tournaments is played. In this format, seeding in later SKOs
is sometimes determined based on the performance in earlier SKOs. Hence, a direction for future research would
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be to analyze whether the opportunity “meeting a preferred opponent" can occur in this format (and if yes, to what
extent).

The flowchart presented in Figure 4 gives a comprehensive overview of the most common tournament designs:
(incomplete) round robin tournaments, knockout tournaments, or a multi-stage combination of both. The implica-
tions of other designs are, however, not identified here. Nevertheless, the framework and the flowchart provide a
good starting point. Next, the seriousness of the majority of the potential problems discussed in the paper remains
unknown in practice. Therefore, more effort is needed to consider strategy-proofness in a probabilistic framework
rather than as a binary concept. It would also be interesting to see empirical research on manipulation opportunities.
For example, the FIFA World Cup and UEFA club competitions are often taken as case studies for simulation mod-
els, but the results are almost never compared with actual (or suspected, e.g. based on betting odds) manipulation
opportunities.

In any case, the effect of tournament design choices on manipulation opportunities cannot be neglected. It
remains important for sports’ integrity that tournaments offer as few manipulation opportunities as possible.
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