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For every sports tournament, it is an important requirement to provide contestants with the appropriate 

incentives to perform. However, incentive compatibility is usually considered an all or nothing (binary) 

concept in the academic literature, that is, the rules are proved to be either strategy-proof or vulnera- 

ble to manipulation. Our paper aims to present a method for quantifying the violation of this theoretical 

property through the example of the European Qualifiers for the 2022 FIFA World Cup. Even though that 

competition is known to be incentive incompatible since lower-ranked Nations League group winners are 

interested in the success of their higher-ranked peers, the extent of the problem has remained unex- 

plored until now. Computer simulations reveal that the threat of tanking can be substantially mitigated 

by adding a carefully chosen set of draw restrictions, which offers a justifiable and transparent solution 

to improve fairness. Sports governing bodies are encouraged to take our findings into account. 
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“As a general rule every one is more inclined to lend credence to 

he bad than the good. Every one is inclined to magnify the bad in 

ome measure, and although the alarms which are thus propagated, 

ike the waves of the sea, subside into themselves, still, like them, 

ithout any apparent cause they rise again. ”1 

(Carl von Clausewitz: On War ) 

. Introduction 

Tournaments are extensively used as a tool to elicit costly ef- 

ort from economic agents. According to recent theoretical results 

 Dagaev & Sonin, 2018; Pauly, 2014; Vong, 2017 ), sports tourna- 

ents are usually not immune to strategic manipulation by the 

layers, which is detrimental to the reputation of the organisers 

nd threatens the profitability of the industry in the long run. 

onetheless, the trade-off between incentive compatibility and 
E-mail address: laszlo.csato@sztaki.hu 
1 In the original: “In der Regel ist jeder geneigt, das Schlimme eher zu glauben als 

as Gute; jeder ist geneigt, das Schlimme etwas zu vergrößern, und die Gefährlichkeiten, 

elche auf diese Weise berichtet werden, ob sie gleich wie die Wellen des Meeres in 

ich selbst zusammensinken, kehren doch wie jene ohne sichtbare Veranlassung immer 

on neuem zurück. ” See Carl von Clausewitz: On War , Book 1, Chapter 6 Information 

n War. Translated by Colonel James John Graham, London, N. Trübner, 1873. http: 

/clausewitz.com/readings/OnWar1873/TOC.htm 
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ther desirable properties remains largely unexplored. A severe im- 

ediment is that strategy-proofness is traditionally regarded as an 

ll or nothing (binary) concept and no attempt has ever been made 

o quantify the level of its violation in the tournament design lit- 

rature. 

The present paper aims to fill this research gap. Since it is close 

o impossible to devise a general abstract model for measuring the 

ack of strategy-proofness due to the huge variation of incentive 

chemes applied in the real world, we focus on group-based quali- 

cation systems with an exogenous ranking of the contestants used 

o provide a secondary way to qualify. Consequently, the lower- 

anked contestants are interested in the success of higher-ranked 

ontestants to fill the vacancies created by the latter, this design 

iolates incentive compatibility ( Dagaev & Sonin, 2018 , Proposi- 

ion 3), a basic principle of competitive sport ( Szymanski, 2003 ). 

However, the Union of European Football Association (UEFA) 

esigns its qualification tournaments for the FIFA World Cup and 

he UEFA European Championship according to that principle since 

aunching the UEFA Nations League in 2018. Therefore, it is crucial 

o avoid games with misaligned incentives to the maximum extent 

ossible because no team can prove to play honestly, hence even 

he mere existence of such a situation endangers the integrity of 

he competition in the mind of spectators. 

Fortunately, the lack of an incentive compatible solution does 

ot exclude the possibility that the relevance of the problem can 
under the CC BY-NC-ND license 
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e reduced by a well-devised mechanism. In fact, we uncover how 

dding an appropriate set of restrictions in the group stage draw 

s able to significantly improve fairness. The intuition behind the 

dea is straightforward: two teams assigned to different groups will 

ot play any match, thus none of them can benefit from tanking 

deliberately losing) against the other. 

In particular, the European Qualifiers for the 2022 FIFA World 

up will be analysed as a case study, where the probability of an 

ncentive incompatible scenario will be determined. Even though 

he violation of this theoretical property is based on an exact 

athematical result, analytical tools remain insufficient to mea- 

ure the extent of the deficiency: since only some teams have mis- 

ligned incentives in certain games, the first step would be to es- 

imate the probability of these matches but even the group draw 

rocedure is prohibitively complex ( Csató, 2021a ), not to say any- 

hing about the prediction of match outcomes. Therefore, we are 

orced to use Monte Carlo simulations, a standard approach in the 

omparison and evaluation of tournament designs. 

The central contribution of the current work resides in quan- 

ifying the incentive compatibility of a sports tournament that 

as never been attempted before. The methodology can be fol- 

owed in the case of other incentive incompatible formats such 

s when teams playing in different groups should be compared 

 Csató, 2020a ). It is also shown first how additional draw con- 

traints might be used to improve fairness. Finally, our proposal 

ssentially solves the main problem of this particular tournament 

esign, which can promote its application in the future, especially 

ecause it does not require any fundamental rule change, only the 

ntroduction of further prohibited clashes that can be justified by 

ompetition-related reasons. 

The paper is structured as follows. Section 2 gives a concise 

verview of the literature. The format of the European qualifiers 

or the 2022 FIFA World Cup is outlined in Section 3 . Our approach

o quantifying incentive incompatibility is detailed in Section 4 . 

ection 5 reports the computational results and justifies the intro- 

uction of additional draw constraints. Section 6 concludes. 

. Related literature 

Cheating in sports is an important topic of scientific research 

ecause this behaviour violates most ethical codes and can po- 

entially undermine interest. Preston & Szymanski (2003) discuss 

ifferent forms of cheating, including sabotage, doping, and match 

xing. Kendall & Lenten (2017) present sports rules with unfore- 

een consequences, while Breuer & Forrest (2018) offer a wide 

overage of the most serious manipulations in sports. Andreff

2019) overviews the economic aspects of criminal behaviour in 

ports. 

There are also instructive case studies. According to Duggan 

 Levitt (2002) , sumo wrestlers coordinate their fights when ap- 

roaching eight victories towards the end of the season due to the 

harp non-linearity in the payoff function. In football games where 

ne team is in immediate danger of relegation to a lower division 

ut the other team is not affected by the outcome, the former club 

chieves a desired result with a higher probability in more cor- 

upt countries ( Elaad, Krumer, & Kantor, 2018 ). As recent regres- 

ion results show, bookmakers and bettors believe that teams do 

ot exert to the maximum extent to win once they have no chance 

f qualifying for international cups or being relegated ( Feddersen, 

umphreys, & Soebbing, 2021 ). 

Perhaps the most famous example of dual incentives is caused 

y the player draft in North American (and Australian) sports be- 

ause the traditional set-up of reverse order promotes tanking once 

 team has been eliminated from the play-offs. Taylor & Trogdon 

2002) examine three National Basketball Association (NBA) sea- 

ons to determine whether performance responds to changes in 
2 
he lottery system used for the draft order. Teams are found to 

e more likely to lose in the presence of incentives to lose. Price, 

oebbing, Berri, & Humphreys (2010) reinforce these results on 

 larger dataset. While losing more games after elimination can 

erely be a consequence of lower motivation and disappointment, 

his is not the only explanation: a concrete strategy behind los- 

ng can be identified, at least in the National Hockey League (NHL) 

 Fornwagner, 2019 ). Consequently, several remedies have been pro- 

osed to adjust the draft allocation mechanism in order to mit- 

gate the threat of tanking ( Banchio & Munro, 2021; Gold, 2010; 

azachkov & Vardi, 2020; Lenten, 2016; Lenten, Smith, & Boys, 

018 )—and they have been partially adopted by the administrators 

s shown by the continuous development of the NBA draft lottery . 

Pauly (2014) proves an impossibility theorem to show that com- 

lex tournament systems consisting of two qualifying tournaments 

ith disjoint sets of participants, such as the design of recent 

IFA World Cups, give rise to manipulation. According to Vong 

2017) , the necessary and sufficient condition of strategy-proofness 

n multistage tournaments is strongly restrictive since only the top- 

anked player can be allowed to qualify from each group. Dagaev 

 Sonin (2018) consider incentive compatibility in multiple tourna- 

ents with the same set of participants and noncumulative prizes 

hen the sets of winners have a non-empty intersection. Their 

ain theorem essentially implies that the tournament examined in 

he present paper can be manipulated. The ignorance of this the- 

retical result is responsible for the misaligned incentive schemes 

n the UEFA Champions League entry between the 2015/16 and the 

017/18 seasons ( Csató, 2019 ), as well as in the current Champions 

eague group stage draw ( Csató, 2020c ). Csató (2020a) analyses the 

ncentive compatibility of group-based qualification systems when 

eams from different groups are compared to provide a secondary 

hance for qualification, where playing a draw can be optimal for 

oth teams under certain circumstances ( Csató, 2020d ). 

However, all of the previous works treat incentive 

in)compatibility as an all or nothing (binary) concept and do 

ot undertake to quantify the threat of manipulation. Naturally, 

trategy-proofness is extensively discussed in other fields of 

esearch but we know only a few attempts to measure the se- 

iousness of its violation. Altman & Tennenholtz (2006) evaluate 

he incentive compatibility of ranking systems. Bonkoungou & 

esterov (2021) investigate the criterion of strategic accessibility 

or school choice mechanisms, that is, the set of schools wherein 

 student can get admission by manipulation. 

On the other hand, it is a standard approach in scheduling to 

aximise the competitiveness of the matches played in the last 

ound of round-robin tournaments ( Chater, Arrondel, Gayant, & 

aslier, 2021; Guyon, 2020; Stronka, 2020 ). Similarly, Lasek, Szlávik, 

agolewski, & Bhulai (2016) assess opportunities for advancing in 

he previous FIFA World Ranking table in terms of associated prob- 

bilities. While it may seem strange that quantifying the level of 

ncentive incompatibility in tournament design has never been the 

ubject of any scientific study, a possible explanation can be the 

omplicated structure of real-world competitions. 

Finally, since we will recommend adding further draw con- 

traints, the paper is strongly connected to studies on the group 

raw in sports tournaments, too. Guyon (2015) identifies several 

aws in the draw of the 2014 FIFA World Cup and provides a 

air and evenly distributed method to create balanced and geo- 

raphically diverse groups. Laliena & López (2019) and Cea et al. 

2020) propose alternative policies to balance the difficulty levels 

f the groups in the FIFA World Cup. In the case of the UEFA Cham-

ions League knockout stage draw, the focus is on the fairness of 

he draw procedure that can be improved by relaxing the restric- 

ions ( Boczo ́n & Wilson, 2018; Klößner & Becker, 2013 ). But this

s the first study to consider how draw conditions can be used to 

chieve other desirable goals than the equal treatment of all teams. 

https://en.wikipedia.org/wiki/NBA_draft_lottery
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. A deficiency of the European Qualifiers for the 2022 FIFA 

orld Cup 

The European section of the 2022 FIFA World Cup qualification 

s a football competition contested by the national teams of the 

5 UEFA member associations to allocate the 13 slots available for 

his confederation in the World Cup finals. The tournament con- 

ists of two phases. In the first group stage, the countries are put 

nto ten groups with five or six teams each to play in a home-away

ound-robin structure. The group winners qualify directly for the 

022 FIFA World Cup, while the runners-up advance to the second 

lay-off stage. Here, the two highest-ranked group winners from 

he 2020/21 UEFA Nations League that finished outside the top two 

n their groups join them. These 12 teams are divided randomly 

nto three play-off paths of four teams each, and the three path 

inners qualify for the World Cup finals. 

According to the model of Dagaev & Sonin (2018) , the above de- 

ign is vulnerable to strategic manipulation: if the Nations League 

anking is A � B � C such that all teams play in the same round- 

obin group of the qualifiers and teams A and C compete for the 

rize, team B has to lose against team A in order to guarantee 

he qualification of team A ahead of team C because then team B 

ould have a chance to fill the vacant slot in the play-offs. Haugen 

 Krumer (2021) identify such a situation in the UEFA Euro 2020 

ualifying concerning Israel and Austria. 

xample 1. Group I in the European Qualifiers for the 2022 FIFA 

orld Cup contains England, Poland, Hungary, Albania, Andorra, 

nd San Marino. Consider the ranking of the 2020/21 UEFA Na- 

ions League group winners in Table 1 , which has been established 

n 18 November 2020, before the group draw of the qualifying 

ournament. Albania has not a high chance to reach the first two 

ositions in Group I. Nonetheless, it can still go to the play-offs 

f at least nine teams ranked higher than Albania in Table 1 ob- 

ain the first two spots in their groups. Consequently, a reasonable 

trategy for Albania would be to lose both of its group matches 

gainst Hungary, while exerting full effort against all other teams. 

his plan maximises the probability that Hungary finishes as the 

roup winner or runner-up. 

Csató (2021c , Chapter 6.2) offers a theoretical study of this tour- 

ament format to conclude that there is no obvious remedy of in- 

entive incompatibility if UEFA wants to reward performance in 

he Nations League. Therefore, we aim to mitigate the danger of 
able 1 

he ranking of group winners in the 2020/21 UEFA Nations League. 

League Group winner Abbreviation Rank Place in the draw 

A France FRA 1 Pot 1 

A Belgium BEL 2 Pot 1 

A Italy ITA 3 Pot 1 

A Spain ESP 4 Pot 1 

B Wales WAL 17 Pot 2 

B Austria AUT 18 Pot 2 

B Czech Republic CZE 19 Pot 3 

B Hungary HUN 20 Pot 3 

C Slovenia SVN 33 Pot 4 

C Montenegro MNE 34 Pot 4 

C Albania ALB 35 Pot 4 

C Armenia ARM 36 Pot 5 

D Gibraltar GIB 49 Pot 6 

D Faroe Islands FRO 50 Pot 5 

he last column shows the pot of the team in the draw of the European Qualifiers 

or the 2022 FIFA World Cup. The first four spots are determined by the 2021 UEFA 

ations League Finals to be played after the beginning of the qualifying tournament. 

hese teams are ranked on the basis of their performance in 2020/21 UEFA Nations 

eague A. 

g

F  

t

i

p

E  

t

W

N

f

t

b

1

e

s

t

s

e  

3 
 strategic manipulation outlined in Example 1 to the maximum 

xtent possible. 

. Methodology 

The violation of incentive compatibility will be measured via 

onte Carlo simulations, a standard approach in the tournament 

esign literature ( Chater et al., 2021; Csató, 2020b; 2021b; Dagaev 

 Rudyak, 2019; Goossens, Beliën, & Spieksma, 2012; Scarf, Yusof, 

 Bilbao, 2009 ). Our starting point is the group stage draw of the 

uropean Qualifiers for the 2022 FIFA World Cup when the ranking 

f the Nations League group winners ( Table 1 ) has already been 

nown. The rules of the draw are as follows ( UEFA, 2020 ). 

The 55 teams are seeded into six pots based on the Novem- 

er 2020 FIFA World Ranking such that the 10 strongest teams 

re placed in Pot 1, the next 10 in Pot 2, and so on until the five

owest-ranked countries are assigned to Pot 6. The teams are allo- 

ated to Groups A–E of five teams and Groups F–J of six teams. 

he countries are drawn sequentially from Pot 1 to Pot 6, and 

ach team is allotted to the first available group in alphabetical 

rder as indicated by the computer. Four types of draw constraints 

hould be met to obtain an assignment “that is fair for the par- 

icipating teams, fulfils the expectations of commercial partners and 

nsures with a high degree of probability that the fixture can take 

lace as scheduled ” ( UEFA, 2020 ). Csató (2021a) discusses how the 

nfairness of the draw procedure can be reduced. 

Once the group allocation is determined, every game can be 

imulated. The ability of a team is measured by a single vari- 

ble, its Elo rating. Although there exist more developed predic- 

ion techniques ( Baker & McHale, 2018; Corona, Forrest, Tena, & 

iper, 2019; Ley, Van de Wiele, & Van Eetvelde, 2019 ), this rela- 

ively simple approach has been chosen because (1) Elo rating is a 

ood indicator of the real level of national football teams ( Gásquez 

 Royuela, 2016 ); (2) the decision-makers can better understand 

ur central message; (3) the main findings are unlikely to change 

n a more sophisticated parametric model. 

Instead of the FIFA World Ranking, we use the Elo ratings of 

he popular project World Football Elo Ratings, available at http: 

/www.eloratings.net/ , as a proxy for team performances. Predic- 

ions from this Elo rating are more accurate than the previous 

IFA ranking ( Gásquez & Royuela, 2016; Lasek, Szlávik, & Bhulai, 

013 ), and—in contrast to the current FIFA World Ranking—it dis- 

inguishes home and away games as well as accounts for the mar- 

in of victory when the ratings are updated. In addition, although 

IFA adopted the Elo formula in the summer of 2018 ( FIFA, 2018 ),

he revision involved a smooth transition from the previous rank- 

ng, and the moderated number of matches played since then has 

robably not allowed yet for the necessary adjustments. 

Take a match between teams i and j with the Elo ratings E i and 

 j , respectively, played at the field of team i . The win expectancy of

eam i is 

 i j = 

1 

1 + 10 

−( E i +100 −E j ) / 400 
. (1) 

ote that the rating of the home team is increased by 100 as travel 

atigue, support from the crowd, referee bias, and familiarity with 

he stadium provide a significant home field advantage in foot- 

all ( Baker & McHale, 2018; Boyko, Boyko, & Boyko, 2007; Pollard, 

986 ). 

However, the exact number of goals scored by each team in 

ach match is needed since drawn matches are common in this 

port, and goal difference is the tie-breaking rule if two teams have 

he same score. Football games are usually modelled such that the 

cores of both teams are described by a Poisson distribution, see, 

.g. Chater et al. (2021) or Dagaev & Rudyak (2019) . Thus team i

http://www.eloratings.net/
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cores k goals against team j with the probability 

 k = 

(
λ( f ) 

i j 

)k 
exp 

(
−λ( f ) 

i j 

)
k ! 

, (2) 

here λ( f ) 
i j 

shows the expected number of goals scored by team i 

gainst team j, which depends on whether the match is played at 

ome ( f = h ) or away ( f = a ). 

We calculate parameter λ( f ) 
i j 

according to a function estimated 

n the basis of almost 30 thousand matches played by national 

ootball teams ( Football rankings, 2020 ). In particular, it is a quartic 

olynomial (a polynomial of degree four) of win expectancy with 

ifferent equations for the home and away teams that contain a 

orrection for unbalanced games. The average expected number of 

oals for the home team i is 

(h ) 
i j 

= 

⎧ ⎪ ⎨ 

⎪ ⎩ 

−5 . 42301 · W 

4 
i j 

+ 15 . 49728 · W 

3 
i j 
−

−12 . 6499 · W 

2 
i j 

+ 5 . 36198 · W i j + 0 . 22862 if W i j ≤ 0 . 9 

231098 . 16153 · (W i j − 0 . 9) 4 − 30953 . 10199 · (W i j − 0 . 9) 3 + 

+1347 . 51495 · (W i j − 0 . 9) 2 −1 . 63074(W i j − 0 . 9) + 2 . 54747 if W i j > 0 . 9

(3) 

ith R 2 = 0 . 984 , whereas the average number of goals for the

way team j equals 

(a ) 
i j 

= 

⎧ ⎪ ⎨ 

⎪ ⎩ 

90173 . 57949 · (W i j − 0 . 1) 4 + 10064 . 38612 · (W i j − 0 . 1) 3 + 

+218 . 6628 · (W i j −0 . 1) 2 − 11 . 06198 · (W i j − 0 . 1) + 2 . 28291 if W i j < 0 .

−1 . 25010 · W 

4 
i j 

− 1 . 99984 · W 

3 
i j 
+ 

+6 . 54946 · W 

2 
i j 

− 5 . 83979 · W i j + 2 . 80352 if W i j ≥ 0 . 1 

(4) 

ith R 2 = 0 . 955 . The same model has been used recently to mea-

ure the probability of qualification for the 2018 FIFA World Cup 

 Csató, 2022 ). 

The final standing of the groups is determined in accordance 

ith the criteria of the official regulation ( FIFA, 2021 , Article 20, 

tem 6): a) greatest number of points obtained in all group 

atches; b) goal difference in all group matches; c) greatest num- 

er of goals scored in all group matches. Further tie-breaking rules 

re ignored for the sake of simplicity, that is, every remaining tie 

s decided randomly. 

Besides the group rankings, the ranking of 2020/21 UEFA Na- 

ions League group winners determines the last two teams that 

nter the qualifying play-offs. Howe ver, the final positions of the 

op four Nations League group winners turn out only after the 

roup stage draw in the qualifiers, hence they are ranked accord- 

ng to the principle in other leagues, see Table 1 . In addition, at

east 13 Nations League group winners may finish as group win- 

ers or runners-up in the European Qualifiers for the 2022 FIFA 

orld Cup. The official regulation ( FIFA, 2020 ) does not discuss 

his possibility, therefore the remaining vacancies in the play-offs 

re filled through the 2020/21 UEFA Nations League overall rank- 

ng. These provisions are needed only to treat all possible cases 

nd have at most marginal effect on the results. 

Table 2 presents the Elo ratings of the 55 UEFA member associ- 

tions, which are ranked on the basis of the November 2020 FIFA 

orld Ranking, underlying the draw of the qualification tourna- 

ent. As it has been discussed, these data are sufficient to simu- 

ate match outcomes due to formulas (1), (2), (3) , and (4) . Table 3

resents the associated probabilities for a supposed match be- 

ween Albania and Hungary, as well as between Belgium and San 

arino, the strongest and the weakest teams in our study, respec- 

ively. 

First, the whole qualifying tournament is simulated to obtain 

he set of directly qualified teams (the group winners) and the set 

f teams progressing to the play-offs (the runners-up and the two 

articipants chosen based on the Nations League ranking). Second, 
4 
t is checked whether any team would be better off by unilat- 

ral losing as follows. Assume that the team ranked τ3 th among 

he Nations League group winners does not qualify for the play- 

ffs but the teams ranked τ1 th and τ2 th ( τ1 < τ2 < τ3 ) do qualify

hrough the Nations League ranking, namely, without being group 

inners or runners-up in the qualifiers. The team ranked τ3 th will 

e better off by losing if: 

• the team ranked τ1 th among the Nations League group winners 

plays in its group, and the team ranked τ1 th becomes a group 

winner or runner-up after the team ranked τ3 th loses both of 

its matches against the team ranked τ1 th; or 
• the team ranked τ2 th among the Nations League group winners 

plays in its group, and the team ranked τ2 th becomes a group 

winner or runner-up after the team ranked τ3 th loses both of 

its matches against the team ranked τ2 th. 

In the simulation, tanking of a team is achieved by adding 100 

oals for its opponent in both matches. If only the first condition 

concerning the team ranked τ1 th) holds, it is counted as an effec- 

ive tanking between the teams ranked τ1 th and τ3 th. If only the 

econd (concerning the team ranked τ2 th) holds, it means an ef- 

ective tanking between the teams ranked τ2 th and τ3 th. If both 

onditions are satisfied, the effective ranking counter is increased 

y half between the teams ranked τ1 th and τ3 th, as well as by half

etween the teams ranked τ2 th and τ3 th. Therefore, any situation 

n which the team ranked τ3 th would be better off by unilateral 

osing is counted only once. 

Theoretically, the next team ranked τ4 th among the Nations 

eague group winners that do not qualify for the play-offs might 

lso have a small chance to benefit from tanking. This is possi- 

le if two of the teams ranked τ1 th, τ2 th, and τ3 th become the 

roup winner and runner-up by a strategic manipulation of the 

eam ranked τ4 th. Unsurprisingly, we have not found such an ex- 

mple in any simulation run since the conditions are strongly re- 

trictive. Finally, no team ranked lower than τ4 th among the Na- 

ions League group winners can be better off by losing as there 

re at least four higher-ranked teams outside the top two in their 

roups, and at most two of them can achieve these positions after 

anking. To conclude—similar to the concept of Nash equilibrium—

he above procedure examines only unilateral losing strategies but 

t correctly identifies all possible cases of incentive incompatibility. 

xample 2. Take the European Qualifiers for the 2022 FIFA World 

up and suppose that France (Group D), Belgium (Group E), Italy 

Group C), and Spain (Group B) are group winners, whereas Austria 

Group F), the Czech Republic (Group E), Slovenia (Group H), and 

ontenegro (Group G) are runners-up. If Hungary does not reach 

he top two positions in Group I, then Wales (Group E) and Hun- 

ary qualify for the play-offs as Nations League group winners, see 

able 1 . With the notations above, Wales is the τ1 th ranked team, 

ungary is the τ2 th, Albania (Group I) is the τ3 th, and Armenia 

Group J) is the τ4 th. Wales and Albania play in different groups, 

hus Albania cannot tank against Wales. Since Hungary and Albania 

re assigned to the same group, it should be examined what hap- 

ens if Hungary scores 100 additional goals in both of its matches 

gainst Albania. If Hungary does not become the group winner or 

unner-up after this change, there exists no effective tanking. On 

he other hand, if Hungary reaches the top two positions due to 

he modification, an effective tanking is booked in the relation of 

ungary and Albania. Armenia cannot qualify for the play-offs by 

nilateral losing because none of the three higher-ranked teams 

lays in its group. 

A simulation run consists of the following steps: 

1. The groups of the European Qualifiers for the 2022 FIFA World 

Cup are drawn. 
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Table 2 

Strengths of the teams in the European Qualifiers for the 2022 FIFA World Cup. 

Country Rank Elo Country Rank Elo 

Pot 1 Pot 2 

Belgium 1 2111 Switzerland 11 1871 

France 2 2092 Wales 12 1829 

England 3 1962 Poland 13 1813 

Portugal 4 2038 Sweden 14 1821 

Spain 5 2050 Austria 15 1786 

Italy 6 1998 Ukraine 16 1833 

Croatia 7 1860 Serbia 17 1789 

Denmark 8 1927 Turkey 18 1753 

Germany 9 1956 Slovakia 19 1664 

Netherlands 10 1994 Romania 20 1666 

Pot 3 Pot 4 

Russia 21 1743 Bosnia and Herzegovina 31 1634 

Hungary 22 1745 Slovenia 32 1627 

Republic of Ireland 23 1658 Montenegro 33 1531 

Czech Republic 24 1761 North Macedonia 34 1570 

Norway 25 1763 Albania 35 1556 

Northern Ireland 26 1586 Bulgaria 36 1505 

Iceland 27 1633 Israel 37 1592 

Scotland 28 1660 Belarus 38 1496 

Greece 29 1627 Georgia 39 1507 

Finland 30 1708 Luxembourg 40 1363 

Pot 5 Pot 6 

Armenia 41 1523 Malta 51 1215 

Cyprus 42 1326 Moldova 52 1227 

Faroe Islands 43 1262 Liechtenstein 53 1115 

Azerbaijan 44 1383 Gibraltar 54 1095 

Estonia 45 1383 San Marino 55 830 

Kosovo 46 1491 

Kazakhstan 47 1334 

Lithuania 48 1370 

Latvia 49 1261 

Andorra 50 1035 

Group winners in the 2020/21 UEFA Nations League are written in italics , see Table 1 . The column Rank shows the (internal) ranking according to the November 2020 

FIFA World Ranking. Source: https://www.fifa.com/fifa- world- ranking/ranking-table/men/rank/id13113/#UEFA . The column Elo shows the World Football Elo Ratings as of 26 

November 2020 (the day of the FIFA World Ranking). Source: https://www.international- football.net/elo- ratings- table?year=2020&month=11&day=26&confed=UEFA . 

Table 3 

Illustration: the probability of different match outcomes. 

Home team Away team Win expectancy of The probability of 

the home team Home win Draw Away win 

Albania Hungary 0.3746 0.3132 0.2633 0.4235 

Hungary Albania 0.8407 0.7225 0.1737 0.1037 

Belgium San Marino 0.9996 0.9986 0.0012 0.0002 

San Marino Belgium 0.0011 0.0041 0.0226 0.9734 
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2. The qualification matches are played; group rankings are estab- 

lished; group winners, runners-up, and teams advancing to the 

play-offs through the Nations League are determined. 

3. Unilateral losing by the teams ranked τ3 th and τ4 th among Na- 

tions League group winners is studied separately. Group rank- 

ings are established; group winners, runners-up, and teams ad- 

vancing to the play-offs through the Nations League are deter- 

mined. 

The error of a simulated probability p is 
√ 

p(1 − p) /n for sam- 

le size n . 2 As the probability of an effective tanking will turn out 

o be about 1.43%, 10 million iterations is sufficient to get a reli- 

ble expected value: the error is 0.0038% and the probability can 

e reduced below 0.013% due to our recommendation. 

Teams can qualify for the FIFA World Cup directly or through 

he play-offs. Since exactly one team advances from each of the 

hree play-off paths with four teams each, the aggregated proba- 

ility of qualification is estimated by the probability of winning a 
2 We are grateful to an anonymous reviewer for this important remark. 

t

m

n

5 
roup plus one-fourth of the probability that the team goes to the 

lay-offs. 

. Assessing and mitigating the problem of misaligned 

ncentives 

The first issue to be investigated is the probability of a situa- 

ion where an effective tanking exists. It is about 1.4%, which does 

ot seem to be too worrying at first glance. On the other hand, 

ig. 1 implies that in 0.8% of all possible outcomes, Slovenia would 

e better off by losing against Hungary. Since the two teams have 

bout a 10% chance to play in the same group, the conditional 

robability of Slovenia tanking successfully against its neighbour- 

ng country is 8%. The Czech Republic, Hungary, and Montenegro 

ave also a relatively high chance to lose by exerting full effort. 

he organisers have clearly opted for a risky alternative by choos- 

ng this particular design: it would be scandalous and detrimental 

o the integrity of European football if any national team would 

iss qualification for the FIFA World Cup by playing honestly. 

Figure 1 suggests a straightforward way to reduce this unfair- 

ess. Note that incentive incompatibility cannot emerge in the re- 

https://www.fifa.com/fifa-world-ranking/ranking-table/men/rank/id13113/#UEFA
https://www.international-football.net/elo-ratings-table?year=2020%26month=11%26day=26%26confed=UEFA
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Fig. 1. The threat of effective tanking for various country pairs under the original and constrained tournament designs. 
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ation of teams assigned to different groups. For example, the prob- 

bility of effective tanking is zero for Austria against Wales, for 

ungary against the Czech Republic, as well as for Montenegro 

gainst Slovenia, and for Albania against Slovenia or Montenegro. 

hese teams are drawn from the same pot, thus they cannot play 

gainst each other in the qualifiers, which excludes any opportu- 

ity of tanking. 

Consequently, adding further draw constraints is a potent tool 

o avoid such an unwanted scenario. In particular, Table 4 presents 

4 matches to prohibit in the tournament that we have chosen on 

he basis of Fig. 1 because they have a high vulnerability to ef- 

ective tanking. This policy does not require any “innovation” from 
6 
EFA since there already exist similar prohibited country pairs in 

he draw due to political reasons, as well as draw conditions ex- 

lained by competition-related issues ( UEFA, 2020 ). The new de- 

ign with these additional restrictions is called constrained format . 

The choice of these additional restrictions is intuitive: Nations 

eague group winners should play in different groups if they are 

lose in the ranking of group winners ( Table 1 ) and face substan-

ial uncertainty during the qualification. In other words, it is barely 

eneficial to prevent a match between Belgium and France (both 

eams finish almost always as group winners or runners-up in the 

ualifiers), between Austria and Gibraltar (the latter team has prac- 

ically no chance to be better than the third-placed team of its 
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Table 4 

Draw constraints (prohibited clashes) to mitigate incentive incompatibility. 

Higher-ranked team Place in the draw Lower-ranked team Place in the draw 

Wales Pot 2 Czech Republic Pot 3 

Austria Pot 2 Czech Republic Pot 3 

Wales Pot 2 Hungary Pot 3 

Austria Pot 2 Hungary Pot 3 

Wales Pot 2 Slovenia Pot 4 

Austria Pot 2 Slovenia Pot 4 

Czech Republic Pot 3 Slovenia Pot 4 

Hungary Pot 3 Slovenia Pot 4 

Austria Pot 2 Montenegro Pot 4 

Czech Republic Pot 3 Montenegro Pot 4 

Hungary Pot 3 Montenegro Pot 4 

Czech Republic Pot 3 Albania Pot 4 

Hungary Pot 3 Albania Pot 4 

Albania Pot 4 Armenia Pot 5 

Fig. 2. The role of incentive incompatibility in the original and constrained tournament designs. 
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roup), or between Wales and Armenia (there are several Nations 

eague group winners ranked between them, hence Armenia is un- 

ikely to benefit from a loss against Wales). On the other hand, 

oth the Czech Republic and Montenegro have a non-negligible 

robability to reach the first two positions and only two Nations 

eague group winner are ranked between them, thus tanking by 

he latter team cannot be ruled out. Anyway, we have only used 

nformation available at the date of the draw, and the simulations 

an be carried out in a reasonable amount of time to determine 

he set of clashes that should be avoided. 

Our proposal decreases the probability of effective tanking by 

wo orders of magnitude, from more than 1.4% to less than 0.013%. 

lthough misaligned incentives can still emerge for some teams, 
7 
specially for Armenia ( Fig. 1 ), they do not pose a great threat—

nd can be entirely avoided by appropriate draw conditions. 

The virtues of the constrained tournament design are reinforced 

y Fig. 2 , which conveys the key message of the paper. In the orig-

nal format, three teams (Hungary, Slovenia, Montenegro) could 

ncrease their chance of qualification by more than 0.5% if they 

hoose a unilateral manipulation strategy. All teams that do not 

in their groups in the UEFA Nations League might lose due to 

isaligned incentives. On the other hand, adding a proper set of 

raw restrictions essentially eliminates any effect of incentive in- 

ompatibility. The suggested policy reform is able to rectify a se- 

ere problem of the original tournament format, thus can greatly 

ontribute to its spread. 
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Fig. 3. The effect of additional draw constraints. 

Note : Group winners in the 2020/21 UEFA Nations League are indicated by red bars with a red grid. Only the associations drawn from Pots 1–4 and Armenia are shown. (For 

interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 

f

F

c

c

L

C

t

f

c

t

(

a

6

l

a

o

t

t

i

h

i

i

2

s

c

d

i

g

u

a

t

d

t

t

f

o

t

i

t

d

Finally, it is worth considering how the alternative design af- 

ects the chance of playing in the FIFA World Cup. According to 

ig. 3 , there is not much reason to worry in this respect: the 

hanges in the probability of qualification remain below half per- 

entage points, except for Slovenia and Montenegro, two Nations 

eague group winners. They probably benefit from avoiding the 

zech Republic and Hungary, the second and the third strongest 

eam, respectively, in Pot 3 (see Table 2 ). Furthermore, their gains 

rom the additional draw restrictions can be easily justified be- 

ause the tournament format depends on the results from the Na- 

ions League to a lesser degree than the UEFA Euro 2020 qualifying 

 Csató, 2021c , Chapter 6.4). 

The main features of the proposed solution can be summarised 

s follows: 

• It reduces the probability of incentive incompatibility by two 

orders of magnitude, therefore, it almost eliminates the danger 

of strategic manipulation. 
• It marginally increases the chances of most Nations League 

group winners to play in the 2022 FIFA World Cup, thus it can 

intensify competition in the UEFA Nations League. 
• Adding new draw constraints to the long list of current restric- 

tions does not increase the complexity of tournament rules. 

Since, according to the official description of the draw proce- 

dure ( UEFA, 2020 ), these conditions aim to issue a schedule that 

is fair for the participating teams , minimising the extent of in- 

centive incompatibility is a persuasive argument for introducing 

further constraints. In addition, protecting some Nations League 

group winners from competing against each other can be easily 
explained to the public. 

8 
. Conclusions 

This paper has come around the issue of how strategic manipu- 

ation can be prevented in a group-based qualification system with 

n exogenous ranking of the contestants used to provide a sec- 

ndary way to qualify, where some teams might be interested in 

he success of other teams to create vacant slots to be filled. Al- 

hough the theoretical background has been extensively discussed 

n the literature ( Csató, 2021c; Dagaev & Sonin, 2018 ), no attempt 

as ever been made to exceed the binary approach of incentive 

ncompatibility by quantifying the probability of an effective tank- 

ng. To that end, the example of the European Qualifiers for the 

022 FIFA World Cup has been investigated as a case study. While 

trategy-proofness cannot be guaranteed without fundamentally 

hanging the tournament design, adding a carefully chosen set of 

raw restrictions can considerably mitigate incentive incompatibil- 

ty. 

There are several avenues to continue our research. The strate- 

ic behaviour of the teams can be modelled by taking the sit- 

ation before any particular match into account and considering 

 probabilistic assessment about the chance to qualify. One can 

est whether the assumed optimal choice is supported by evi- 

ence. A more sophisticated approach can be developed to predict 

he results of the games, even though that will probably not al- 

er the main implications. Since many sports tournaments suffer 

rom some problems around incentives, measuring the seriousness 

f such issues offers an obvious topic for future studies. Hopefully, 

he present work will be only the first step in the quantification of 

ncentive compatibility, which is indispensable to understand bet- 

er the potential trade-offs between strategy-proofness and other 

esirable attributes of a tournament design. 
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Finally, one might legitimately ask whether our proposal has 

ny chance to be implemented in practice. We are cautiously op- 

imistic in this respect. First, adding further constraints to the 

raw procedure can be justified for the public by transparent 

ompetition-related reasons such as protecting certain Nations 

eague group winners from playing against each other. Second, 

here exist some recent examples when the governing bodies in 

ootball have taken the results of academic researchers into ac- 

ount: 

• UEFA has modified the knockout bracket of the 2020 UEFA Eu- 

ropean Championship to balance group advantages based on 

the suggestion of Guyon (2018) ; 
• Inspired by the criticism of Guyon (2015) , FIFA has reformed 

the draw of the 2018 FIFA World Cup; 
• The recommendation of Durán, Guajardo, & Sauré (2017) for a 

fairer schedule of the South American Qualifiers to the 2018 

FIFA World Cup has been unanimously approved by the partic- 

ipants and is currently being used ( Alarcón et al., 2017 ). 

Thus our study would nicely fit into the collection of academic 

orks proposing rule change ideas that could yet be adopted and 

mplemented by sports administrators ( Lenten & Kendall, 2021 ). 
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