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Institute for Computer Science and Control (SZTAKI)
Hungarian Research Network (HUN-REN)

Laboratory on Engineering and Management Intelligence
Research Group of Operations Research and Decision Systems

Corvinus University of Budapest (BCE)
Institute of Operations and Decision Sciences

Department of Operations Research and Actuarial Sciences

Budapest, Hungary

16th February 2024

Eben diese Mannigfaltigkeit der Gegenstände entsteht bei der Prüfung der Mittel, je höher
man mit dem Standpunkt hinaufrückt; denn je höher die Zwecke liegen, um so größer ist die
Zahl der Mittel, welche zu ihrer Erreichung angewendet werden.1

(Carl von Clausewitz: Vom Kriege)

Abstract
Multi-stage tournaments consisting of a round-robin group stage followed by a knock-
out phase are ubiquitous in sports. However, this format is incentive incompatible if
at least two teams from a group advance to the knockout stage where the brackets
are predetermined. A model is developed to quantify the risk of tanking in these
contests. The suggested approach is applied to the 2022 FIFA World Cup to uncover
how its design could have been improved by changing group labelling (a reform that
has received no attention before) and the schedule of group matches. Scheduling is
found to be a surprisingly weak intervention compared to previous results on the
risk of collusion in a group. The probability of tanking, which is disturbingly high
around 25%, cannot be reduced by more than 3 percentage points via these policies.
Tournament organisers need to consider more fundamental changes against tanking.
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1 Introduction
Several sports tournaments are organised in a hybrid format: a preliminary stage played
in round-robin groups is followed by a knockout phase. Usually, the top ℓ teams in each
group advance to the knockout stage, and higher-ranked teams face lower-ranked teams in
the first knockout round. Group rank is supposed to reflect team abilities, that is, the
group winners are on average stronger than the runners-up. Consequently, every team
is interested in winning if its opponent in the first knockout round is chosen randomly
such as in the UEFA Champions League, the most prestigious European club football
competition.

However, in the case of predetermined knockout brackets, the necessary and sufficient
condition for incentive compatibility is to allow only the top-ranked team to qualify from
each group (Vong, 2017). Otherwise, the runner-up in group 𝑖 can be stronger than the
winner due to bad luck, and the teams playing in other groups want to face the winner of
group 𝑖 rather than the runner-up. Since ℓ ≥ 2 in almost all real-world tournaments, they
are vulnerable to tanking, the act of deliberately dropping points or losing a game to gain
an advantage.

There are a number of instances when this problem led to serious issues of unfairness.
Perhaps the most famous example is the women’s doubles badminton tournament of the
2012 Olympic Games (Kendall and Lenten, 2017, Section 3.3.1). Here, four teams were
ejected because of “not using one’s best efforts to win a match” and “conducting oneself in
a manner that is clearly abusive or detrimental to the sport”. They were accused of trying
to lose in order to get (perceived) easier draws in the knockout stage of the competition.

Analogously, the Indonesian defender Mursyid Effendi deliberately scored an own goal
during a soccer game between Thailand and Indonesia at the 1998 AFF championship
(Kendall and Lenten, 2017, Section 3.9.2). Both teams already secured a place in the
semifinals but the group winner would have to play against the host Vietnam in another
city, while the runner-up would have to play against Singapore without travelling, which
was seen as the better option. The Fédération Internationale de Football Association
(FIFA) fined both teams for “violating the spirit of the game” and banned the Indonesian
player for life from international football.

Naturally, it is almost impossible to prove tanking but, analogously, there is no way for
the teams to verify that they played honestly. Hence, the mere existence of a possibility
for tanking can be detrimental to the integrity of sports, and may lead to accusations
from the other teams and spectators if the result of the game benefits a team that had an
incentive for tanking. Thus, it is important to reduce the threat of tanking to the extent
possible if it can be achieved by a minimal change in the competition design. The current
paper will examine this issue in a simulation framework, which is a standard approach
in the literature, although it does not take present-day performances and psychological
aspects into account.

The novelty of our study resides in the consideration of match fixing across groups,
rather than from a within group perspective as previous papers do (Chater et al., 2021;
Csató, 2022b; Guyon, 2020; Stronka, 2020, 2024). This makes it possible to analyse the
group labelling rule, a potential decision directly after the group draw that has received
no attention before.

The main contributions can be summarised as follows:

• We develop a framework to quantify the risk of tanking in hybrid contests with
a predetermined knockout bracket, a format used in several international sports
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tournaments such as the FIFA World Cup, the UEFA European Championship,
the FIBA Basketball World Cup, or the IHF World Handball Championship.

• The role of the sequence of group matches is small with respect to tanking
opportunities, easily dominated by the impact of the order of the last round in the
groups that are paired in the knockout bracket. This finding is in stark contrast
with the case of collusion within a group, where scheduling has a considerable
effect on the quality of games (Chater et al., 2021; Guyon, 2020; Stronka, 2020).

• According to our simulations based on the 2022 FIFA World Cup, the proposed
changes in group labelling and match scheduling, are not able to decrease the
disturbingly high probability of tanking, which is about 25%, by more than 3
percentage points.

The proposed approach can be used by tournament designers to evaluate alternative
schedules at the time of the group draw, and choose an option that minimises the
probability of matches with misaligned incentives. However, more radical interventions—
such as dynamic scheduling (Guajardo and Krumer, 2023; Krumer et al., 2023; Stronka,
2024), opponent choice (Guyon, 2020; Hall and Liu, 2022, 2024), or randomised tie-breaking
(Stronka, 2024)—would be necessary against tanking.

The remainder of the paper is organised as follows. Section 2 provides a concise
literature overview. The methodology is presented in Section 3, and the results for the
2022 FIFA World Cup are provided in Section 4. Finally, Section 5 concludes.

2 Related literature
Tanking is a standard topic of academic research since it is felt as being against the spirit of
the game. Kendall and Lenten (2017) discuss a number of historical examples from various
sports. In particular, the traditional player draft used to ensure competitive balance in
major North American and Australian sports creates perverse incentives to lose after a
team is eliminated from the playoff (Fornwagner, 2019; Price et al., 2010; Taylor and
Trogdon, 2002). Many solutions have been proposed to mitigate this problem (Banchio
and Munro, 2021; Gold, 2010; Kazachkov and Vardi, 2020; Lenten, 2016; Lenten et al.,
2018).

Inspired by the women’s doubles badminton tournament of the 2012 Olympics, Pauly
(2014) suggests a mathematical model of strategic manipulation in complex sports compet-
itions. An impossibility theorem is proved to demonstrate that strategy-proofness cannot
hold under some reasonable constraints. As already mentioned in the Introduction, Vong
(2017) gives the necessary and sufficient condition for incentive compatibility in multi-stage
tournaments: only the group winner can qualify for the next stage.

Tanking can emerge not only because an advantage is gained in expected terms but
also unintentionally, due to misaligned tournament rules. Dagaev and Sonin (2018) reveal
how incentive compatibility can be guaranteed in qualification systems composed of one
round-robin and several knockout tournaments. Neglecting this result has led to problems
in some competitions organised by the Union of European Football Associations (Csató,
2021; Haugen and Krumer, 2021). Analogously, sports tournaments with multiple group
stages, where the results of matches already played in the previous round against teams in
the same group are carried over, are vulnerable to tanking (Csató, 2022a).
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However, these studies consider incentive compatibility (IC) as a binary concept and
do not attempt to measure the degree of its violation. This is a severe limitation because
“devising a method to quantify IC would allow for the study of trade-offs between IC and
other potentially desirable factors” (Vong, 2017, p. 567). Csató (2022b) presents probably
the first method to quantify IC through the example of the European Qualifiers for the
2022 FIFA World Cup.

Our paper has strong connections to contest design, which has many aspects that
can be addressed with the tools of operations research. These include the choice of the
tournament format (Goossens et al., 2012; Lasek and Gagolewski, 2018; Scarf et al., 2009;
Sziklai et al., 2022), the classification (seeding) rules of teams into divisions/groups (Cea
et al., 2020; Scarf and Yusof, 2011), the draw mechanism used to allocate the teams into
groups (Boczoń and Wilson, 2023; Guyon, 2015; Laliena and López, 2019; Roberts and
Rosenthal, 2023), the tie-breaking rules (Berker, 2014; Csató, 2023b), the prize allocation
scheme (Dietzenbacher and Kondratev, 2023), the scheduling of the matches (Rasmussen
and Trick, 2008; Ribeiro et al., 2023), or the scoring method applied (Kondratev et al.,
2023; Vaziri et al., 2018).

In particular, a recent line of literature deals with the issue of how the order of matches
influences the probability of collusion and match-fixing. Guyon (2020) calculates the risk
of collusion as a function of the schedule in groups of three teams, which was planned to be
used in the 2026 FIFA World Cup. Stronka (2020) introduces the so-called unanimity pair
matching method, which matches the winners of two adjacent groups if they unanimously
express their preference for playing against each other. The novel policy can substantially
reduce the temptation to lose in the FIFA World Cup. Chater et al. (2021) develop a
general method to assess the competitiveness of matches played in the last round of the
FIFA World Cup group stage. The choice of teams playing each other is found to be crucial
to see exciting and fair games. We will adopt their thoroughly tested simulation model
in Section 3. Krumer et al. (2023) study the subgame perfect equilibrium of round-robin
all-pay tournaments with four symmetric players and two identical prizes. It is shown
that one winner in the first round maximises the expected payoff by losing in the second
round, but this problem does not occur if there is only one prize (Krumer et al., 2017).
Csató et al. (2024) determine the probability of stakeless matches (when one team or
both teams are indifferent since the outcome does not affect their rank) in the UEFA
Champions League group stage under alternative schedules. Finally, Stronka (2024) revisits
the issue of tanking in groups of three by demonstrating that two innovative proposals,
random tie-breaking (a deliberately biased lottery based on goal differences) and dynamic
scheduling, are able to substantially mitigate the risk of collusion.

Our other proposal, reforming the allocation of group labels, has received much less
attention because most of the literature takes a within group perspective. Nonetheless,
this is an important issue for football tournaments with 24 teams (Guyon, 2018), and will
emerge in the 2026 FIFA World Cup, organised with 12 groups of four teams each (FIFA,
2023). Its implementation may modify the kick-off times of certain matches compared to
the default setting, which can affect attendance as a share of the capacity of the stadium
(Krumer, 2020).

Finally, a radical reform of the knockout bracket can also be powerful against tanking
if the teams performing best during the group stage obtain the right to choose their
opponents (Guyon, 2022; Hall and Liu, 2022, 2024). However, adopting this scheme for the
FIFA World Cup either lengthens the tournament or requires additional constraints at the
expense of fairness (Guyon, 2022). Furthermore, the teams playing the last group matches
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will enjoy an unfair advantage. Hence, our suggestions seem to have a much higher chance
of being implemented in practice.

3 Methodology
This section presents a framework that allows quantifying the risk of tanking. The approach
outlined in Section 3.1 can be applied in any sports competition where a group stage is
followed by a knockout phase with pretermined bracket, taking the limitations detailed in
Section 3.4 into account. Section 3.2 customises this model for the FIFA World Cup, and
Section 3.3 presents some alternatives available for the organiser to mitigate the threat of
tanking.

3.1 An approach to quantify the threat of tanking via simulations
Assume that the top two teams from each group advance to the knockout stage, where the
winner of group 𝑖 plays against the runner-up of the pair of group 𝑖, denoted by 𝑖*. The
last rounds of these pairs of groups are played at different times. Therefore, if group 𝑖 is
finished, any team in group 𝑖* knows its next opponent before the two matches played in
the final round if it finishes as the winner (the runner-up of group 𝑖) or as the runner-up
(the winner of group 𝑖). This creates an incentive for tanking in group 𝑖* if the winner of
group 𝑖 is perceived to be weaker than the runner-up of group 𝑖.

Suppose that there exists a reliable measure of team strength 𝒮, and these ratings are
common knowledge. The risk of tanking emerges in group 𝑖* if the winner of group 𝑖 has a
lower value of 𝒮 than the runner-up of group 𝑖.

Thus, a simulation run can consist of the following steps:

1. The outcomes of all matches in groups 𝑖 and 𝑖* are generated according to a
standard simulation model;

2. Final rankings in groups 𝑖 and 𝑖* are determined;

3. Variable 𝑘 is set as 𝑘 = 1;

4. If the winner of group 𝑖 has a lower value of 𝒮 than the runner-up of group 𝑖, then
the score of the team that plays against the winner of group 𝑖* in the last round
is increased by 𝑘 in this particular match since the winner of group 𝑖* attempts
using a tanking strategy;

5. The final ranking in group 𝑖* is recomputed because the original group winner
conceded 𝑘 additional goals in its last match, see Step 4;

6. A tanking opportunity with 𝑘 goals is registered in group 𝑖* if the original winner
of group 𝑖* is the runner-up under the changed results, implying that a successful
tanking strategy exists.
Otherwise, 𝑘 is increased by one and the process returns to Step 4.

The reason behind the modification of game outcomes is that the winner of group 𝑖* will
be better off by allowing its opponent to score more goals if it becomes the runner-up after
this manipulation. The simulation run is finished without finding a tanking opportunity
if 𝑘 > 5, namely, a successful tanking by the original winner of group 𝑖* is impossible or
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requires that more than 5 additional goals are scored by its opponent in the last round.
The definition of collusion by Chater et al. (2021) stops at 5 goals difference, too.

A straightforward measure of tanking 𝑇 is simply the average probability of tanking
opportunities in percentages across all simulation runs. Analogously, 𝑇 is defined as the
average of 𝑇 for all pairs of groups if more than one pair of groups is considered, that
is, the common tanking measure remains the (average) probability of tanking in the last
round of group matches.

However, the cost of a tanking opportunity for the organiser is likely not uniform.
First, the temptation to tank in group 𝑖* is stronger if the rating of the winner (𝑆1) minus
the rating of the runner-up (𝑆2) in group 𝑖 is smaller: 𝑆2 − 𝑆1 can be regarded as the
payoff of a successful tanking. A team will probably strive to tank more resolutely if the
potential gain is higher, as the motivational quote at the beginning of the paper illustrates.
Second, tanking is easier to implement if 𝑘, the number of goals that need to be conceded,
is smaller. Hence, it is reasonable to associate a weight for each tanking opportunity:

𝑊 = 𝑆2 − 𝑆1

100𝑘
,

where 100 is a normalising factor in the denominator (the value of home advantage in the
Elo rating). Consequently, the threat of tanking is more threatening if the runner-up is
much stronger than the winner in group 𝑖, and it can be achieved by letting the opponent
score a lower number of additional goals.

The weighted tanking measure WT is the average of weighted tanking opportunities
across all simulation runs. Analogously, WT is defined as the average of WT for all pairs
of groups if more than one pair of groups is considered, that is, the common weighted
tanking measure is the average of weighted tanking in the last round of group matches.

3.2 Application for the 2022 FIFA World Cup
The FIFA World Cup takes place every four years and has been organised in the same
format between 1998 and 2022. The group stage has been played in eight groups of four
teams each, where the top two teams have qualified for the Round of 16. The groups have
been paired in alphabetical order: A–B, C–D, E–F, G–H, and the group winner of any
group 𝑖 has played against the runner-up from group 𝑖*, the pair of group 𝑖.

The limited historical data cannot be used to reliably assess the threat of tanking.
However, they provide a solid basis to simulate the outcomes of the games. Thus, an
arbitrary number of fictional but reasonable tournaments can be generated as usual in the
tournament design literature (Lasek and Gagolewski, 2018; Ley et al., 2019; Scarf et al.,
2009).

The prediction model for individual games is a fundamental element of any simulation
method. Poisson models, first suggested by Maher (1982), are perhaps the most popular
to generate football match results. According to the underlying assumption, the number
of goals scored by both teams follows a Poisson distribution. In particular, team 𝑖 scores 𝑘
goals against team 𝑗 with a probability

𝑃𝑖𝑗(𝑘) =

(︁
𝜆

(𝑓)
𝑖𝑗

)︁𝑘
exp

(︁
−𝜆

(𝑓)
𝑖𝑗

)︁
𝑘! ,

where 𝜆
(𝑓)
𝑖𝑗 is the expected number of goals scored in this match played on field 𝑓 .
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We adopt the model of Chater et al. (2021), which is fitted on the basis of all (192)
matches played in the first two rounds of the World Cup group stage between 1998 and
2018. The last round of games is not taken into account because other factors than
team performance may play a role in determining the result. Chater et al. (2021) have
compared this approach to some alternatives and concluded that its parameters can be
clearly interpreted, is not worse than other exact-score models, and is competitive with an
ordered logistic regression to predict wins, draws, and losses.

Therefore,
𝜆𝑖𝑗 = 𝛼

𝑅𝑖

𝑅𝑖 + 𝑅𝑗

, (1)

where 𝑅𝑖 and 𝑅𝑗 are the strengths of teams 𝑖 and 𝑗, respectively, while parameter 𝛼 equals
the average number of goals scored in the sample.

A team’s strength is based on a single variable, its Elo rating. Although FIFA adopted
the Elo method of calculation after the 2018 World Cup for its own World Ranking
(FIFA, 2018), the formula does not take into account two crucial aspects, home advantage
and the margin of victory. Furthermore, the FIFA World Ranking suffered from severe
shortcomings before 2018 (Cea et al., 2020; Csató, 2021; Kaminski, 2022; Lasek et al.,
2016). On the other hand, the World Football Elo Ratings seem to be a reliable measure
of teams’ abilities (Gásquez and Royuela, 2016; Hvattum and Arntzen, 2010; Lasek et al.,
2013), and is a widely used benchmark in the literature (Chater et al., 2021; Csató, 2022b;
Stronka, 2020, 2024).

Since the raw Elo indices fluctuate between 1400 and 2200 in the FIFA World Cup,
Chater et al. (2021) adjust the performance differences by a linear transformation of the
original Elo rating 𝐸𝑖:

𝑅𝑖 = 1 + exp (𝛽) · 𝐸𝑖 − 𝐸min

𝐸max − 𝐸min
, (2)

which is finally plugged into (1). Here 𝐸min = 1471 (the minimal Elo rating in the sample)
and 𝐸max = 2142 (the maximal Elo rating in the sample).

The model contains two parameters, 𝛼 in formula (1) and 𝛽 in formula (2). The
estimations of Chater et al. (2021, Table 5) are adopted, namely, 𝛼 = 2.5156, which equals
the average number of goals per match in the sample, and 𝛽 = 3.7581. Chater et al. (2021)
calculate a number of statistics from the chosen Poisson model in order to compare them
with the sample data. According to these tests, the simulation framework provides a good
approximation of the actual score-generating process.

Finally, the strengths of the teams playing in the 2022 FIFA World Cup should be
determined. Elo rating is a dynamic measure, updated for both teams after they play
a match. Consequently, Elo ratings move between the draw and the beginning of the
tournament, as well as during the tournament. Since we think the appropriate time to
determine the schedule of the games coincides with the draw of the groups that took place
on 1 April 2022, the Elo ratings of 31 March 2022 are used to measure team abilities, see
Table 1.2

The process outlined in Section 3.1 requires to rank the teams on the basis of group
matches. The ranking criteria follow the official rule (FIFA, 2022, Article 12): (1) higher
number of points obtained in all group matches; (2) superior goal difference in all group
matches; (3) higher number of goals scored in all group matches; (4) higher number of
points obtained in the group matches between the teams concerned; (5) superior goal

2 Csató (2023a) used the same Elo ratings to analyse the 2022 FIFA World Cup draw but the rating
of Argentina contained a typo: it was mistakenly considered to be 2018 instead of the correct 2108.
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Table 1: Groups and teams in the 2022 FIFA World Cup

Country Elo Country Elo
Group A Group B

Qatar 1663 England 2039
Netherlands 1938 United States 1822
Senegal 1729 Iran 1820
Ecuador 1840 Wales 1841

Group C Group D
Argentina 2108 France 2116
Mexico 1848 Denmark 1936
Poland 1799 Australia 1677
Saudi Arabia 1634 Tunisia 1612

Group E Group F
Spain 2039 Belgium 2069
Germany 1966 Croatia 1855
Japan 1796 Morocco 1738
Costa Rica 1743 Canada 1798

Group G Group H
Brazil 2155 Portugal 1984
Switzerland 1920 Uruguay 1923
Serbia 1845 South Korea 1800
Cameroon 1631 Ghana 1541

The rating of the host Qatar is increased by 100, the fixed value of home advantage in the
World Football Elo Ratings, see http://eloratings.net/about.
The column Elo shows the strength of the teams according to the World Football Elo Rat-
ings as of 31 March 2022, see https://www.international-football.net/elo-ratings-
table?year=2022&month=03&day=31.

difference resulting from the group matches between the teams concerned; (6) higher
number of goals scored in the group matches between the teams concerned; (7) drawing of
lots. The fair play points based on yellow and red cards are not considered despite this
criterion has been applied before drawing of lots in the FIFA World Cup.

The matches played in the last round of the group stage, used to determine the team
against which the tanking strategy is applied, are presented in Table 2. Furthermore, since
the threat of tanking for any pair of groups primarily emerges in the group that is finished
later, the order of the kick-off times in the last round should also be taken into account.
In the 2022 FIFA World Cup, the scheme A–B, D–C, F–E, H–G has been followed, that
is, the order of the groups has been determined randomly for any pair. This is reinforced
by the previous two editions of the tournament: B–A, D–C, F–E, G–H (2014 FIFA World
Cup) and A–B, C–D, F–E, H–G (2018 FIFA World Cup). To summarise, the final rounds
in the four pairs of groups have been played on subsequent days, but one group has always
finished before the beginning of the last two matches in its pair—simultaneously playing
all the four games seems to be infeasible because of commercial reasons.

The simulation process is repeated 1 million times.
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Table 2: Matches played in the last round of the 2022 FIFA World Cup

Group Team 1 Team 2 Type of schedule
Group A Qatar (Pot 1) Netherlands (Pot 2) Schedule A

Senegal (Pot 3) Ecuador (Pot 4)
Group B England (Pot 1) Wales (Pot 4) Schedule C

United States (Pot 2) Iran (Pot 3)
Group C Argentina (Pot 1) Poland (Pot 3) Schedule B

Mexico (Pot 2) Saudi Arabia (Pot 4)
Group D France (Pot 1) Tunisia (Pot 4) Schedule C

Denmark (Pot 2) Australia (Pot 3)
Group E Spain (Pot 1) Japan (Pot 3) Schedule B

Germany (Pot 2) Costa Rica (Pot 4)
Group F Belgium (Pot 1) Croatia (Pot 2) Schedule A

Morocco (Pot 3) Canada (Pot 4)
Group G Brazil (Pot 1) Cameroon (Pot 4) Schedule C

Switzerland (Pot 2) Serbia (Pot 3)
Group H Portugal (Pot 1) South Korea (Pot 3) Schedule B

Uruguay (Pot 2) Ghana (Pot 4)
The Pot from which the team was drawn is shown in parenthesis.

3.3 Decision variables
The simulation model will be applied to find an optimal schedule. In particular, the group
composition of the 2022 FIFA World Cup is assumed to be given, see Table 1. However,
the organiser has two available options immediately after the group draw in order to
influence the threat of tanking: choosing the group labels and deciding the schedule of
group matches.

Three different group labelling rules are considered:

• Random: the groups are labelled randomly after the draw, which is equivalent to
the lack of relabelling;

• Pair optimal: for each pair of groups, the kick-off times in the last round are
chosen separately to minimise the threat of tanking;

• Optimal: the groups are relabelled after the draw to minimise the threat of
tanking.

For example, measure 𝑇 suggests that it would have been better to finish Group A
later than Group B, in contrast to the schedule of the 2022 FIFA World Cup. This could
have been achieved immediately after the draw, by exchanging the kick-off times of the
matches played in the last round, without altering their day. On the other hand, the
optimal solution contains the pair F–A, namely, Group F should have been labelled Group
B and finished before Group A in order to minimise the threat of tanking. Although this
requires a more radical intervention, it remains feasible directly after the draw. Naturally,
the optimal solution may depend on the measure of tanking 𝑇 or WT .

Since there are four pairs of groups, the set of alternatives available under the pair
optimal group labelling rule is 24 = 16. In the case of the optimal rule, there are seven
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options for the first pair of groups, five options for the second pair, and three options for
the third pair. However, the order can be chosen independently for each pair, hence, the
optimal solution should be found among 7 × 5 × 3 × 16 = 1680 scenarios.

Analogously, three different group match scheduling policies are examined:

• Random: the schedule of the games is decided randomly, independently for each
group, which is the current policy of FIFA (Chater et al., 2021);

• Optimal uniform: the same schedule of the games is chosen for all groups based
on the seeding of the teams to minimise the risk of tanking;

• Optimal: the schedule of the games is determined in each group separately to
minimise the risk of tanking.

Each group contains one team from each of Pots 1–4 (Csató, 2023a). Therefore, the
uniform schedule allows for three options in the last round of group matches:

• Schedule A: Pot 1 vs. Pot 2 and Pot 3 vs. Pot 4;

• Schedule B: Pot 1 vs. Pot 3 and Pot 2 vs. Pot 4;

• Schedule C : Pot 1 vs. Pot 4 and Pot 2 vs. Pot 3.

The last column of Table 2 shows the randomly drawn schedules in the 2022 FIFA World
Cup. Consequently, the optimal scheduling policy needs to assess 38 = 6561 possibilities.

From the viewpoint of logistics, it seems entirely sufficient to determine the labels of
the groups and the schedule of group matches on the day of the group draw, which allows
running some simulations after the composition of the groups is already known.

3.4 Limitations
The simulation model, adopted from Chater et al. (2021), is not necessarily the best
available option even for the FIFA World Cup. However, the exact prediction method
is not an essential part of our approach. The tournament designer is free to choose any
exact-score generating model according to its preferences, repeat the process described in
Section 3.1, and choose an optimal schedule from the set of alternatives given in Section 3.3.

Besides the standard caveats of using simulation models, the identification of tanking
remains imperfect because of the following reasons:

• The teams do not focus only on their opponent in the Round of 16 but on the
difficulty of the whole knockout bracket (e.g. a team may intend to avoid playing
the favourite team before the final even if it implies a stronger opponent in the
Round of 16);

• Elo rating is not necessarily a good indicator of preferences in the Round of 16
(e.g. a European team might want to avoid playing against another European
team in the knockout stage);

• Tanking is assumed to be a unilateral action from the original winner of group 𝑖*,
however, the other competitors for the top two positions in group 𝑖* can also take
the possible manipulation of this team into account (when a complex interaction
between two or more teams that are all interested in tanking should be modelled);
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• Tanking strategies may be applied even if there is uncertainty in the opponents
in the Round of 16 (e.g. a team may be tempted to avoid a strong team even if it
is only a likely runner-up);

• The group winner might be known after two rounds are played (but, according to
Stronka (2020, p. 9), such a situation has a negligible probability);

• A team may be not willing to lose even if this strategy maximises the expected
payoff;

• Schedule effects are neglected, which is probably not a problem with respect to
carry-over (Goossens and Spieksma, 2012) but there exists empirical evidence that
the team playing the first matches in the first two rounds has a higher probability
of qualifying for the next stage in the FIFA World Cup (Krumer and Lechner,
2017);

• The simulation model does not take momentum into account, which is an important
factor of performance according to the beliefs of athletes and sports fans, even
though the academic literature usually finds it a fallacy (Vergin, 2000; Steeger
et al., 2021).

In our opinion, these compromises are necessary to get a tractable model of tanking
that remains understandable for sports governing bodies. In addition, even though the
probability of tanking derived from the simulations may be inaccurate and has limited
meaning on its own due to the above shortcomings, the results can be appropriate to
compare alternative tournament designs (Appleton, 1995).

4 Numerical evaluation of tournament designs for the
2022 FIFA World Cup

Figure 1 shows the probability of tanking for each possible pair of the eight groups listed in
Table 1 if the schedule used in the 2022 FIFA World Cup is followed in all groups. A point
over (below) the dashed 45 degree line indicates that the group coming first (second) in
alphabetical order should be finished later than its pair to mitigate the threat of tanking.
The optimal solution, represented by the green dots (and the purple triangle), is G–A,
C–B, D–H, F–E according to measure 𝑇 , and A–C, B–D, E–G, H–F according to measure
WT . Thus, weighted tanking usually decreases when groups with an outstanding team are
finished later in order to avoid the strong temptation of tanking in the other group if the
strongest team finishes only in the second place due to bad luck. Groups C, D, G exhibit
this pattern as can be seen in Table 1. While the optimal schedule is quite sensitive to the
tanking measure, this can be chosen according to the preferences of the decision-maker.

Figure 2 compares the pair optimal and optimal group labelling rules by showing the
distribution of the two measures of tanking for the 105 (= 7 × 5 × 3) possible allocations
of group labels. The impact of relabelling all groups is moderated compared to choosing
which group in a given pair should be finished earlier. Regarding the probability of tanking
(weighted tanking WT ), the more favourable group has a relative advantage of 9.2%
(27.6%) over its pair on average across the 28 pairs of groups as can be seen in Figure 1.
On the other hand, even the best configuration of the eight groups is able to reduce
tanking (weighted tanking) by at most 5.8% (19.4%) compared to the worst option, that

11
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Figure 1: Measures of tanking for the 28 possible group pairs in the
2022 FIFA World Cup, original schedule in each group (see Table 2)
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Figure 2: Distribution of measures of tanking for the 105 possible
pair optimal group label configurations in the 2022 FIFA World Cup

is, the relative standard deviation remains small. This might be a positive message for the
organiser: optimising the kick-off times for the group pairs has a small cost but it ensures
a high proportion of the potential gain in mitigating the risk of tanking.

Figure 3 presents how the schedule affects the measures of tanking. According to our
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Figure 3: Measures of tanking for the 28 possible group pairs in
the 2022 FIFA World Cup as a function of group match schedule

simulation model, the results of the matches do not depend on their sequence, thus, only
the order of the games in the group that is finished later counts. The probability of tanking
is slightly determined by the schedule. Nonetheless, Schedule B is the best choice for 6
(6), and Schedule C is the best for 21 (22) group pairs with respect to measure 𝑇 (WT ).
Consequently, Schedule A—when the teams from the two strongest pots play against each
other in the last round—is almost always dominated.

Figure 4 illustrates that the probability of tanking depends to some extent on the
number of goals considered. If Groups A and D are paired, group A should be finished first
with Schedule C if 𝑘 is at most one or two, but it becomes optimal to finish first Group D
under Schedule A or C if higher values of 𝑘 are also taken into account. Unsurprisingly,
weighted tanking WT suggests playing the last round of Group A earlier since the difference
between the Elo ratings of the top teams in Group D is large, thus, there will be a strong
temptation to tank in Group A.

Table 3 compares the two tanking measures under the three group labelling rules and
the three group match scheduling policies if the group composition remains the same as
given in Table 1. It also shows the particular case of the 2022 FIFA World Cup, which has
been a single realisation of random group labelling and scheduling. Naturally, the threat of
tanking decreases if a more radical intervention is considered. However, the contribution
of both optimal group labelling and scheduling remains low compared to the benefit of the
two middle policies (optimal pair group labelling and optimal uniform scheduling). To
conclude, neither reform is able to substantially mitigate the risk of tanking; for instance,
the probability of tanking can be reduced by less than 3 percentage points.

Table 4 reveals the relative performance of our reform proposals. Scheduling is not a
powerful tool against tanking, choosing the optimal match order separately for each group
improves our measures by no more than 8%, which is much smaller than the impact found
by the previous literature with respect to the risk of collusion within a group (Chater et al.,
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Figure 4: Probability of tanking by the number of goals
conceded for group pair A–D as a function of the schedule

Table 3: Measures of tanking for the 2022 FIFA World Cup groups

(a) Probability of tanking 𝑇 (%)

Group labelling rule Group match scheduling policy
Original Random Optimal uniform Optimal

Original 25.556 25.997 24.913 24.799
Random 25.529 26.031 24.900 24.793
Optimal pair 24.463 24.524 23.903 23.830
Optimal 23.594 23.907 23.292 23.236

(b) Weighted tanking WT

Group labelling rule Group match scheduling policy
Original Random Optimal uniform Optimal

Original 25.456 28.335 26.184 26.022
Random 27.428 28.360 26.406 26.221
Optimal pair 23.456 24.053 21.966 21.817
Optimal 20.968 22.296 19.990 19.788

2021; Guyon, 2020; Stronka, 2020). It does not make much sense to use a non-uniform
schedule across the groups. Group labelling turns out to be a stronger policy, even in
its weaker version when only the kick-off times of the fixed group pairs are optimised.
Nonetheless, the risk of tanking cannot be decreased considerably without changing any
fundamental aspect of the tournament design, especially if we focus on the probability of
tanking.
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Table 4: Reduction of tanking by different policies in the 2022 FIFA World Cup

(a) Probability of tanking 𝑇

Group labelling rule Group match scheduling policy
Random Optimal uniform Optimal

Random 0.00% 04.34% 04.76%
Optimal pair 5.79% 08.18% 08.46%
Optimal 8.16% 10.52% 10.74%

(b) Weighted tanking WT

Group labelling rule Group match scheduling policy
Random Optimal uniform Optimal

Random 00.00% 06.89% 07.54%
Optimal pair 15.19% 22.55% 23.07%
Optimal 21.38% 29.51% 30.23%

5 Conclusions
The current paper has investigated sports tournaments consisting of a group stage followed
by a knockout phase. If the knockout brackets are predetermined, then misaligned
incentives may arise in the groups that are finished later as illustrated by several historical
examples. Since it is crucial to avoid situations where deliberately conceding some goals
can be beneficial for a team, we have proposed a simulation framework to quantify the
threat of tanking.

The suggested approach has been applied to the 2022 FIFA World Cup. Its design
could have been improved by changing the random group labelling and group match
schedules but neither intervention mitigates the risk of tanking considerably. Ensuring the
attractiveness and competitiveness of the matches played in the last round of the group
stage seems to require a more fundamental change in the tournament format such as the
following:

• Dynamic scheduling when the schedule of the group matches depends on the
results in the previous rounds (Guajardo and Krumer, 2023; Krumer et al., 2023;
Stronka, 2024);

• Opponent choice when higher-ranked teams are allowed to choose their next
opponents in the knockout phase (Guyon, 2020; Hall and Liu, 2022, 2024)

• Randomised tie-breaking when the order of the teams having the same number
of points is decided by a biased lottery favouring teams with a superior goal
difference rather than by the usual deterministic rules (Stronka, 2024).

This recommendation calls for more studies on sporting contests where similar policies are
already used (Lunander and Karlsson, 2023).

Hopefully, our work will inspire future research to quantify the degree of violating
incentive compatibility and other desired properties of tournament designs. Such a project
can explore the inevitable trade-offs between various aims of the organiser and, ultimately,
improve the fairness of sports tournaments and make the matches more exciting, which
will certainly increase the value of media rights.
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Csató, L., Molontay, R., and Pintér, J. (2024). Tournament schedules and incentives
in a double round-robin tournament with four teams. International Transactions in
Operational Research, 31(3):1486–1514.

Dagaev, D. and Sonin, K. (2018). Winning by losing: Incentive incompatibility in multiple
qualifiers. Journal of Sports Economics, 19(8):1122–1146.

Dietzenbacher, B. J. and Kondratev, A. Y. (2023). Fair and consistent prize allocation in
competitions. Management Science, 69(6):3474–3491.

FIFA (2018). Revision of the FIFA / Coca-Cola World Ranking. https://img.fifa.
com/image/upload/edbm045h0udbwkqew35a.pdf.

FIFA (2022). FIFA World Cup Qatar 2022 Regulations. https://digitalhub.
fifa.com/m/2744a0a5e3ded185/original/FIFA-World-Cup-Qatar-2022-
Regulations_EN.pdf.

FIFA (2023). FIFA Council approves international match calendars. 14
March. https://www.fifa.com/about-fifa/organisation/fifa-council/media-
releases/fifa-council-approves-international-match-calendars.

Fornwagner, H. (2019). Incentives to lose revisited: The NHL and its tournament incentives.
Journal of Economic Psychology, 75(Part B):102088.

Gásquez, R. and Royuela, V. (2016). The determinants of international football success:
A panel data analysis of the Elo rating. Social Science Quarterly, 97(2):125–141.

Gold, A. M. (2010). NHL draft order based on mathematical elimination. Journal of
Quantitative Analysis in Sports, 6(1).
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