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a b s t r a c t 

If the final position of a team is already secured independently of the outcomes of the remaining games 

in a round-robin tournament, it might play with little enthusiasm. This is detrimental to attendance and 

can inspire collusion and match-fixing. We demonstrate that tie-breaking rules might affect the occur- 

rence of such a situation. Its probability is quantified via simulations for the four groups of the 2022/23 

UEFA Nations League A under two well-established tie-breaking rules, goal difference and head-to-head 

records. In these home-away round-robin contests with four teams and 12 matches, the competitiveness 

of the final four games can be promoted by giving priority to goal difference, which reduces the chance 

of a fixed position in the group ranking by at least two and usually five percentage points in the last 

round. Our findings, supported by sensitivity analysis in a theoretical model, provide important lessons 

on how to design ranking systems. 
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. Introduction 

“Designing an optimal contest is both a matter of significant 

nancial concern for the organizers, participating individuals, and 

eams, and a matter of consuming personal interest for millions 

f fans ” ( Szymanski, 2003 , p. 1137). One of the most important 

esponsibilities of the administrators is to set the right incentives 

or the contestants ( Kendall & Lenten, 2017; Lenten & Kendall, 
� “Whatever is wanting in certainty must always be left to fate, or chance, call it 

hich you will. We may demand that what is so left should be as little as possible, 

ut only in relation to the particular case—that is, as little as is possible in this one 

ase, but not that the case in which the least is left to chance is always to be preferred. 

hat would be an enormous error, as follows from all our theoretical views. ” (Carl von 

lausewitz: Vom Kriege ). 

ource: Carl von Clausewitz: On War , Book 2, Chapter 5 [Criticism]. Translated 

y Colonel James John Graham, London, N. Trübner, 1873. http://clausewitz.com/ 

eadings/OnWar1873/TOC.htm ) 
∗ Correspondance to: Institute for Computer Science and Control (SZTAKI), Bu- 

apest, Hungary 

E-mail addresses: laszlo.csato@sztaki.hu , laszlo.csato@uni-corvinus.hu 
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021 ). It is widely acknowledged that Operational Research (OR) 

an contribute to tournament design by analysing the effects of 

olicy changes and making proposals to improve the rules ( Csató, 

021; Wright, 2009; 2014 ). 

There exist two fundamental tournament formats ( Scarf, Yusof, 

 Bilbao, 2009 ). The knockout competition consists of rounds. In 

ach round, the winners progress to the next round and the losers 

re eliminated. The contest is won by the winner of the final 

ound. Therefore, incentive compatibility is usually not threatened 

ecause the players need to win to avoid elimination. Neverthe- 

ess, several issues remain to be studied by OR, including fairness 

 Arlegi, 2022; Arlegi & Dimitrov, 2020 ) and seeding procedures 

 Dagaev & Suzdaltsev, 2018; Groh, Moldovanu, Sela, & Sunde, 2012; 

oren & Riezman, 1985 ). 

In a round-robin competition , each competitor plays against all 

he others and earns points according to its number of wins (and 

ossibly draws). Since the contestants do not face elimination, 

hey may benefit from deliberately losing a game. For example, 

eing ranked second might lead to playing against a preferred 

ompetitor in the next round of the tournament ( Guyon, 2022 ; 
under the CC BY-NC-ND license 
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Table 1 

Ranking in Group 3 of the 2020/21 UEFA Nations League A before the last matchday. 

Pos Team W D L GF GA GD Pts 

1 France 4 1 0 8 3 +5 13 

2 Portugal 3 1 1 9 2 +7 10 

3 Croatia 1 0 4 7 13 −6 3 

4 Sweden 1 0 4 3 9 −6 3 

Pos = Position; W = Won; D = Drawn; L = Lost; GF = Goals for; GA = Goals against; GD = Goal difference; Pts = Points. All teams have played five matches. 
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auly, 2014; Vong, 2017 ). In certain settings, a team can be strictly 

etter off by losing—not only in expected terms—because quali- 

cation is allowed from multiple tournaments ( Dagaev & Sonin, 

018 ), teams playing in different round-robin groups are compared 

 Csató, 2020 ), or an exogenous ranking of the teams provides 

 secondary way to qualify ( Csató, 2022; Haugen & Krumer, 

021 ). 

However, the last games of a round-robin tournament are 

ometimes played with little enthusiasm even if the rules are 

ell designed and a high-ranking position is adequately rewarded 

ecause the place of a team in the final ranking can already be 

ecured, independently of the results of the remaining matches. 

uch a team may play below its actual potential, which is detri- 

ental to the integrity of sport and is advantageous for the 

lucky” opponents that play at the end of the tournament against 

his particular team. 

Even though a team might exert full effort despite the game 

eing stakeless from its perspective, similar scenarios should be 

voided to the extent possible: the mere suspicion of reluctance to 

nvest full effort into winning or using a lower quality squad is still 

gainst the spirit of sports. Consequently, the organisers can be 

lamed for choosing a design that fails to promote competitiveness 

o the greatest degree. 

In particular, the present paper will study the role of tie- 

reaking rules with respect to the probability that the final 

osition of a team is already known when some matches remain 

o be played. These often ignored ranking criteria may influence 

he stakes of a game according to the following illustration. 

xample 1. Table 1 shows the standing of Group 3 in the 2020/21 

EFA Nations League A after five rounds, with the matches Croa- 

ia vs. Portugal and France vs. Sweden still to be played. If two or 

ore teams in the group are equal on points on completion, higher 

umber of points obtained in the matches played among the teams 

n question decides their position ( UEFA, 2020 , Article 15.01). As 

he result of France vs. Portugal has been 0-0, the result of Por- 

ugal vs. France has been 0-1, and France leads by three points 

ver Portugal, France is guaranteed to win the group and Portugal 

o be the runner-up. Consequently, there is one team in each of 

he two matches played in the sixth round whose position cannot 

hange. 

On the other hand, if tie-breaking would have been based on 

oal difference instead of head-to-head results, Portugal could 

ave hoped to be the first with defeating Croatia. 

Example 1 uncovers that the choice of tie-breaking rules can 

ffect the com petitiveness of the matches played at the end of the 

ontest. The previous literature has concentrated primarily on the 

onnection between the schedule (the order) of the games and 

atch-fixing opportunities in round-robin tournaments. Inspired 

y the structure of the 2026 FIFA World Cup, Guyon (2020) ex- 

mines the risk of collusion in a group of three. Risk of collusion 

merges when the two teams playing the only match in the last 

ound can qualify at the expense of the third team. The probability 

f this scenario is quantified and the schedule minimising its 

ccurrence is identified. Stronka (2020) investigates “temptation 
1261 
o lose” in a group of four with the top two teams qualifying, 

hich results from the desire to play against a weaker opponent 

n the first round of the subsequent knockout phase. Three pair 

atching methods are analyzed and compared via simulations. 

esides changing the pairing algorithm, the schedule also plays 

 role in decreasing the threat of “temptation to lose”. Chater, 

rrondel, Gayant, & Laslier (2021) classify the games played in the 

ast round of the FIFA World Cup into three categories: competitive 

neither team is indifferent and they want to achieve incompatible 

oals), collusive (the targets of the teams are compatible and nei- 

her is indifferent), and stakeless (at least one team is completely 

ndifferent between winning, drawing, or losing). The choice of 

ames played in the last round is found to be crucial for making 

hem more exciting to watch. 

The study of tie-breaking rules remains more limited. 

inchester (2016) analyzes the implications of bonus points 

sed to reward teams for “coming close” in losing effort s in 

ost rugby union tournaments. However, this system is not 

nly a tie-breaker as bonus points can lead to situations when 

eams with fewer wins but more bonus points qualify over teams 

ith more wins. Berker (2014) evaluates the occurrence rates of 

eteronomous relative ranking —when the relative ranking of two 

eams depends on the outcome of a match in which neither of 

hem was involved—under the two main tie-breaking principles, 

oal difference and head-to-head results, which are usually applied 

y the Fédération Internationale de Football Association (FIFA) and 

he Union of European Football Associations (UEFA), respectively. 

ead-to-head records exhibit significantly more often this coun- 

erintuitive side effect. According to the arguments of Pakaslahti 

2019) on philosophical grounds, tie-breaking in round-robin 

ontests should give more importance to overall goal difference 

han to head-to-head results. Csató (2021 , Chapter 1.3) reveals 

he lack of consensus concerning tie-breaking criteria in the 

op-tier association football (henceforth football) leagues across 

urope. 

The novelty of the current research resides in the analysis of 

ome tie-breaking rules used in round-robin tournaments from an 

nnovative perspective, namely, the collusion opportunities created 

n the matches played in the last round(s). Our main contributions 

an be summarised as follows: 

• The role of two well-established tie-breaking criteria, goal 

difference and head-to-head records, in promoting competi- 

tiveness is explored. 
• A relatively simple but efficient methodology is presented to 

identify situations where a team has few incentives to ex- 

ert full effort and to compute the probability of reaching 

them. 
• The four groups of the 2022/23 UEFA Nations League A are 

compared with respect to the threat of stakeless games un- 

der the two basic tie-breaking principles. The most impor- 

tant differences between the two rules seem to be indepen- 

dent of the distribution of teams’ strengths. 

In addition, it is worth noting that the tournament considered 

ere—four teams playing in a home-away round-robin format with 
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Table 2 

The 2022/23 UEFA Nations League A. 

Group 1 Group 2 

Team Elo Team Elo 

France 2114 Spain 2037 

Denmark 1937 Portugal 1972 

Croatia 1858 Switzerland 1934 

Austria 1731 Czech Republic 1833 

Group 3 Group 4 

Team Elo Team Elo 

Italy 2030 Belgium 2075 

Germany 1963 Netherlands 1929 

England 2032 Poland 1770 

Hungary 1726 Wales 1836 

The strengths of the teams are measured by their World Football Elo Ratings on 

16 December 2021 (the date of the group draw), see https://www.international- 

football.net/elo-ratings-table?year=2021&month=12&day=16&confed=UEFA . 
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2 games—is more difficult to analyze than the ones appearing 

n the literature since Guyon (2020) deals with the case of three 

eams playing a single round-robin with three matches, while 

tronka (2020) and Chater et al. (2021) examine single round- 

obin with four teams and six matches. Therefore, we should 

ccount for more possible scenarios. 

On the other hand, the major implication is in line with 

he literature ( Berker, 2014; Pakaslahti, 2019 ): the priority of 

ead-to-head results over goal difference may more often lead 

o unfavourable situations, thus, goal difference is a better tie- 

reaking rule compared to head-to-head records. Our findings 

rovide an essential lesson for tournament organisers on how to 

esign ranking systems. 

Last but not least, it needs to be emphasised that there 

re other—albeit less widely used—tie-breaking rules applied 

n practice. 1 The rugby union bonus points system has already 

een mentioned, although it is not only a tie-breaking principle 

 Winchester, 2016 ). In certain top-tier football leagues, the num- 

er of wins is the primary tie-breaking criterion ( Csató, 2021 , 

hapter 1.3). Goal average or goal ratio (the number of goals 

cored divided by the number of goals conceded) was the original 

ie-breaking rule in football, and is still used in Australian rules 

ootball under the name “percentage”. 

The paper is structured as follows. Section 2 presents the back- 

round of the simulation experiment. In particular, the 2022/23 

EFA Nations League A is outlined in Section 2.1 , the simulation 

odel is described in Section 2.2 , and the two tie-breaking options 

re defined in Section 2.3 . Section 3 contains the main results: 

ection 3.1 determines the set of matches for which the outcome 

oes not affect the position of a team, Section 3.2 overviews the 

imulation procedure, while Sections 3.3 and 3.4 investigate the 

wo popular tie-breaking principles in the 2022/23 UEFA Nations 

eague A and in a basic theoretical model, respectively. Finally, 

ection 4 offers concluding remarks. 

. Methodology 

In the following, the basics of the quantitative evaluation are 

etailed to allow its replication. 

.1. The format of the 2022/23 UEFA Nations League A 

The 2022/23 UEFA Nations League is the third season of the 

EFA Nations League, an international association football com- 

etition contested by men’s national teams. The 55 UEFA mem- 

er associations are divided into four leagues. In the top division 

alled League A, the 16 teams play in four home-away round-robin 

roups of four teams each. 

The composition of the groups is presented in Table 2 . The four 

roup winners advance to the 2023 UEFA Nations League Finals 

nd have a chance to become the UEFA Nations League champions. 

he fourth-placed team in each group is relegated to the 2024/25 

EFA Nations League B. The seeding of the 2024/25 UEFA Nations 

eague A is based on the results of the 2022/23 UEFA Nations 

eague A: the group winners are drawn from Pot 1, the runners-up 

re drawn from Pot 2, and the third-placed teams are drawn from 

ot 3. Therefore, it is reasonable to assume that a team exerts full 

ffort if it can be ranked higher with a better result but it plays

ith little enthusiasm if its position in the final group ranking is 

lready known. The organiser aims to avoid the latter situation to 

he extent possible. 
1 We are grateful to an anonymous referee for calling our attention to this limi- 

ation of the research. 

q

r

m

o

1262 
.2. Simulating match outcomes 

Historical tournament data can provide at most limited con- 

lusions since they represent only a single realisation of several 

andom variables ( Scarf et al., 2009 ). Therefore, we have chosen to 

se simulations, a standard methodology for analysing and com- 

aring tournament designs ( Chater et al., 2021; Dagaev & Rudyak, 

019; Goossens, Beliën, & Spieksma, 2012; Lasek & Gagolewski, 

018 ). 

In order to predict the outcomes of individual ties, the 

trengths of the teams should be quantified. Even though the FIFA 

orld Ranking has been revised in 2018 ( FIFA, 2018 ), the new 

ormula has still some shortcomings such as the lack of home 

dvantage and the missing adjustment for goal difference. Both 

actors are addressed by the World Football Elo Ratings, available 

t the website eloratings.net , which has been widely used in 

cientific research ( Cea et al., 2020; Gásquez & Royuela, 2016; 

vattum & Arntzen, 2010; Lasek, Szlávik, & Bhulai, 2013; Lasek, 

zlávik, Gagolewski, & Bhulai, 2016 ). The Elo ratings of the teams 

articipating in the 2022/23 UEFA Nations League A are shown—on 

he day of the group draw—in Table 2 . 

In a given match, the numbers of goals scored by the two 

eams need to be specified. For this purpose, the traditional Pois- 

on model is used ( Ley, Van de Wiele, & Van Eetvelde, 2019; Ma- 

er, 1982; Van Eetvelde & Ley, 2019 ). In particular, the probability 

hat team i scores k goals against team j on field f is 

 i j (k ) = 

(
λ( f ) 

i j 

)k 
exp 

(
−λ( f ) 

i j 

)
k ! 

, (1) 

here λ( f ) 
i j 

is the expected number of goals scored by team i 

gainst team j if the match is played on field f , which is either 

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

The official formula of the World Football Elo Ratings provides 

in expectancy as follows: 

 i j = 

1 

1 + 10 

−(E i +10 0 −E j ) / 40 0 
, 

ith E i and E j being the Elo ratings of teams i and j, respectively.

ote that the home advantage is fixed at 100 points. 

Football rankings (2020) has estimated the parameter λ( f ) 
i j 

by a 

uartic polynomial of the win expectancy W i j using a least squares 

egression with a regime change based on more than 29 thousand 

atches played by national football teams. The expected number 

f goals for the home team i equals 

https://www.international-football.net/elo-ratings-table?year=2021%26month=12%26day=16%26confed=UEFA
http://eloratings.net/
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2 Technically, we check an equivalent condition. The results of the four matches 

played in the last two rounds are assumed to be 0-0. The group winner is fixed 

only under the UEFA rule after four matchdays if and only if the first team has 14, 

the second team has 8, and the third team has at most 7 points such that the first 

and the second teams do not play against each other in the last two rounds. 
3 Technically, we check an equivalent condition. The results of the four matches 

played in the last two rounds are assumed to be 0-0. The last team is fixed under 

the UEFA rule after four matchdays if and only if the fourth team has 2, the third 

team has 8, and the second team has at least 9 points such that the fourth and the 

third teams do not play against each other in the last two rounds. 
4 In our computer code, M equals 10 0 0 since it is reasonable to assume that the 

goal difference of any team will be the highest/lowest if it wins/loses by 10 0 0 goals 

in the last round. 
(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 

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 . 54

nd the average number of goals for the away team j is 

(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 . 282

−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 

.3. Alternative ranking rules 

If two or more teams in the same group collect the same num- 

er of points, their order should be decided by tie-breaking rules. 

here are two basic concepts for this purpose: head-to-head records 

nd goal difference . UEFA usually gives priority to head-to-head 

esults, which also holds for the 2022/23 UEFA Nations League 

 UEFA, 2021 , Article 15). 

In our model, the UEFA rule is defined as follows. The ranking 

f teams with the same number of points is determined according 

o the criteria below: 

(a) Higher number of points obtained in the group matches 

played among the teams in question. 

(b) Superior goal difference from the group matches played 

among the teams in question. 

(c) Higher number of goals scored in the group matches played 

among the teams in question. 

(d) If, after having applied criteria (a) to (c), teams still have 

an equal ranking, criteria (a) to (c) are reapplied exclusively 

to the matches between the remaining teams to determine 

their final rankings. If this procedure does not lead to a de- 

cision, criteria (e) to (g) apply in the order given to the two 

or more teams still equal. 

(e) Superior goal difference in all group matches. 

(f) Higher number of goals scored in all group matches. 

(g) Drawing of lots. 

To summarise, first head-to-head records (if necessary, in a re- 

ursive manner), then overall goal difference and the number of 

oals scored are used to break the ties. 

On the other hand, FIFA gives priority to goal difference, see, for 

nstance, the rules of the 2022 FIFA World Cup qualification tour- 

aments ( FIFA, 2021 , Article 20.6). Therefore, the FIFA rule is de- 

ned as follows. To determine the ranking of teams with the same 

umber of points, the criteria below are applied: 

(a) Superior goal difference in all group matches. 

(b) Higher number of goals scored in all group matches. 

(c) Higher number of points obtained in the group matches 

played among the teams in question. 

(d) Superior goal difference from the group matches played 

among the teams in question. 

(e) Higher number of goals scored in the group matches played 

among the teams in question. 

(f) Drawing of lots. 

This tie-breaking rule is based on overall goal difference and the 

umber of goals scored, followed by head-to-head records (with- 

ut recursion since FIFA does not apply it). 

The FIFA and UEFA ranking rules differ in the order of the tie- 

reaking criteria. It will turn out that the seemingly irrelevant 

hoice has non-negligible sporting effects. 
1263 
if W i j ≤ 0 . 9 

if W i j > 0 . 9 , 

(2) 

if W i j < 0 . 1 

if W i j ≥ 0 . 1 . 

(3) 

. The comparison of tie-breaking options 

This section identifies the situations where the position of a 

eam is already secured in the final group ranking and estimates 

heir probabilities of occurrence for the 2022/23 UEFA Nations 

eague A. The two tie-breaking options are examined in a theo- 

etical model, too. 

.1. The threshold rules 

As has been presented in the Introduction, sometimes the place 

f a team in the final ranking cannot change when some matches 

re still to be played. Furthermore, its position can be fixed only 

nder the UEFA rule, while this is not the case when the FIFA rule 

s used to break the ties. The probability of having a fixed position 

efore all games are played will be determined as follows. 

In a home-away round-robin group with four teams, each team 

lays six matches. Therefore, the first point where the position of 

 team can already be secure is before Round 5, after four rounds 

ave been played. In particular: 

• The group winner is fixed under both the FIFA and UEFA rank- 

ing rules if it has at least seven points more than the runner-up. 
• The group winner is fixed under the UEFA ranking rule if 

� it has six points more than the runner-up; and 

� it has at least seven points more than the third-placed team; 

and 

� it has played two matches against the runner-up. 2 

• The last team cannot be fixed under the FIFA ranking rule. 
• The last team is fixed under the UEFA ranking rule if 

� it has six points less than the third-placed team; and 

� it has at least seven points less than the runner-up; and 

� it has played two matches against the third-placed team. 3 

Before Round 6, the possible cases are cumbersome to describe 

y analogous criteria. But they can be found by analysing what 

ould be the group ranking under the given rule in all extreme 

ases. In particular, the results of the two remaining matches are 

ssumed to be: (a) M-0, M-0; (b) M-0, 0-M; (c) 0-M, M-0; and (d) 

-M, 0-M with M being a high number. 4 The position of a team is 
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Table 3 

Matches in the last two rounds of the 2022/23 UEFA Nations League A. 

Group 1 Group 2 

Round Home team Away team Round Home team Away team 

5 France Austria 5 Spain Switzerland 

5 Croatia Denmark 5 Czech Republic Portugal 

6 Denmark France 6 Portugal Spain 

6 Austria Croatia 6 Switzerland Czech Republic 

Group 3 Group 4 

Round Home team Away team Round Home team Away team 

5 Italy England 5 Belgium Wales 

5 Germany Hungary 5 Poland Netherlands 

6 Hungary Italy 6 Netherlands Belgium 

6 England Germany 6 Wales Poland 

Fig. 1. The probability of an already secured position before Round 5, 2022/23 UEFA Nations League A. 

s

(

c

2

p

3

w

o

3

c

T

d

p

t

t

h

i

c

w

F

p

e

t

s

u

a

0

r

t

s

ecure under the FIFA/UEFA rule if it is the same for all outcomes 

a) to (d). 

Obviously, the schedule of the group matches influences the oc- 

urrence of these situations. The last two rounds of matches in the 

022/23 UEFA Nations League A, played in September 2022, are 

resented in Table 3 . 

.2. An overview of the simulation exercise 

Now all components are available to perform the simulation, 

hich consists of the following steps: 

1. Setting the input data: the strengths of the teams as mea- 

sured by the World Football Elo Ratings ( Table 2 ) and the 

schedule of the matches ( Table 3 ); 

2. Determining the outcome of all matches played in the 

home-away round-robin tournament (the format of the 

2022/23 UEFA Nations League groups, see Section 2.1 ) based 

on the Poisson model described in Section 2.2 , where the 

parameters for the expected number of goals are obtained 

from an external source ( Football rankings, 2020 ); 

3. Calculating the proportion of fixed positions before Rounds 5 

and 6 under FIFA and UEFA ranking criteria ( Section 2.3 ) ac- 

cording to the threshold rules given in Section 3.1 . Naturally, 

the results of the games played on the last matchday(s) are 

not taken into account but they are also simulated to know 

whether a team whose position is fixed only by the UEFA 

rule obtains the same place under the FIFA rule in the final 
ranking or not. o

1264 
One million simulation runs have been performed for each set 

f inputs. 

.3. Computational results for the 2022/23 UEFA Nations League 

Fig. 1 plots the probability that the position of a team is se- 

ured after four rounds in the 2022/23 UEFA Nations League A. 

he group winner is known with a chance of more than 3% un- 

er the UEFA rule, but this value is decreased by at least 50 basis 

oints (0.5%) under the FIFA rule. The first team will be fixed with 

he highest probability in Groups 1 and 4, where the difference be- 

ween the strengths of the best and the second best teams is the 

ighest (see Table 2 ). The fourth-placed team can be known only 

f the UEFA rule is used, the corresponding probability always ex- 

eeds 0.4% and can be close to 1.5% in Group 3, which contains one 

eak team, Hungary. 

It might be argued that the difference between the UEFA and 

IFA ranking rules is overwhelmingly theoretical as a team whose 

osition is known by the UEFA rule will be the first (fourth) at the 

nd even if the FIFA rule is followed. Therefore, we have calculated 

he associated conditional probability of having a different final po- 

ition under the FIFA rule if it is already known after four rounds 

nder the UEFA rule. These are ranged between 0.16% (Groups 1 

nd 4) and 0.56% (Group 2) for the group winner, and between 

.19% (Group 3) and 0.32% (Groups 2 and 4) for the team to be 

elegated. Consequently, the advantage of the FIFA regulation over 

he UEFA is moderated since there are few scenarios where a team 

hould exert full effort in its last two matches only due to the pri- 

rity given to goal difference. 
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Fig. 2. The probability of an already secured position before Round 6, 2022/23 UEFA Nations League A. 

w

t

g

u

fi

w

u

a

p

d  

c

b

r

t

c

a

m

f

t

r

c

b

Table 4 

Potential unfairness: the probability (in %) that the FIFA and UEFA rules rank two 

teams differently if there is no third team with the same number of points. 

Position Group 1 Group 2 Group 3 Group 4 

First–Second 2.22 3.11 3.27 2.40 

Second–Third 3.01 3.76 3.36 3.20 

Third–Fourth 2.58 2.93 1.82 2.90 
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Fig. 2 continues the analysis with the situation after five rounds 

hen any position in the ranking can be fixed under any of the 

wo rules. Unsurprisingly, this has the highest probability for the 

roup winner and the fourth-placed team. The corresponding val- 

es always exceed 15%, and their pattern closely follows Fig. 1 : the 

rst team is secured with the highest chance in Groups 1 and 4, 

hile the last team is known most often in Group 3. The runner- 

p and the third-placed team are fixed only with a probability of 

bout 10–20%, which is reduced by at least 3.7 and at most 6.3 

ercentage points according to the FIFA rule. 

As Fig. 3 shows, a team whose position is already secured un- 

er the UEFA rule can lose its rank if the FIFA rule is used with a

hance of more than 2%. These conditional probabilities are higher 

y an order of magnitude compared to the situation after four 

ounds, hence the teams face much more uncertainty in retaining 

heir positions that are secured only by the UEFA rule. This is espe- 

ially relevant for the two middle ranks, where another team can 

ppear with a probability of about 5% in the final group ranking. 

For a balanced discussion of tie-breaking criteria, the argu- 

ents for the UEFA rule should also be mentioned. If goal dif- 

erence is preferred, team A can be ranked over team B even if 

hey have scored the same number of points and the head-to-head 

ecords favour team B. This might be perceived as unfair, espe- 

ially if the superior goal difference of team A is (mainly) caused 

y scoring many goals against weaker teams (however, the design 
1265 
f the 2022/23 UEFA Nations League A does not allow for real 

nderdogs). 

Therefore, Table 4 reports the probability that exactly two 

eams have the same number of points and they are ranked dif- 

erently according to the FIFA and UEFA ranking rules. The val- 

es lie between 1.8% and 3.8% for each position in each group. 

gain, the difference is the largest for the two middle positions. 

he likelihood of such perceived unfairness is below the difference 

etween the two ranking rules in the probability of a fixed position 

fter five rounds. Taking into account that the UEFA rule is outper- 

ormed by the FIFA rule with respect to the chance of a secured 

osition after four rounds (see Fig. 1 ), the potential unfairness of 

he final ranking seems to be a less serious problem compared to 

he reduced competitiveness of the games played at the end of the 

ournament, where the lack of incentives to win also lead to un- 

airness. 
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Fig. 3. The probability of finishing in a different position under the FIFA rule when the position is already secured under the UEFA rule before Round 6,2022/23 UEFA Nations 

League A. 

Fig. 4. The probability of an already secured position before Round 5, theoretical model. 
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To summarise, preferring goal difference to head-to-head re- 

ults in tie-breaking is unambiguously beneficial for the excitement 

f the games. While the difference can perhaps be neglected af- 

er four rounds in a home-away round-robin tournament with four 

eams, the competitiveness of the last two matches is clearly in- 

reased by the FIFA rule. The effect is the strongest for the two 

iddle teams since (1) the probability that the team is guaranteed 

o finish in one of these positions under the UEFA rule but not un- 

er the FIFA rule is the highest; and (2) the probability that the 

eam in one of these positions is known under the UEFA rule but 

t loses its position under the FIFA rule when all group matches are 

layed is the highest. Although the reward of the runner-up com- 

ared to the third-placed team is relatively small in the 2022/23 

EFA Nations League A, it is much higher in several prominent 

ournaments such as the FIFA World Cup or the UEFA Champions 

eague, where the first two teams from each group advance to the 

nockout stage. 

.4. Sensitivity analysis in a theoretical model 

In the previous section, four arbitrary sets of four teams have 

een analyzed, which might distort the conclusions. Unfortunately, 

nalytical results would be difficult to derive even in the case of 

our identical teams since the difference between the tie-breaking 

ules crucially depends on the number of goals scored in each 

atch. Thus, we have carried out simulations with a specific dis- 

ribution of strengths: 
1266 
• Four teams play a home-away round-robin tournament. 
• The outcomes of the matches are determined invariably by 

the simulation model described in Section 2.2 ; 
• There is a strong team with an Elo rating of 1900 + �. 
• There are three weak teams with an Elo rating of 1900 − �. 
• The values of { 0 ; 50 ; 100 ; 150 ; 200 } are considered for the 

parameter �, which reflects the variance of strengths. 

This basic setting has been chosen to reduce the number of 

cheduling options. In similar tournaments, every team plays one 

ome match and one away match in the last two rounds (see 

able 3 ), hence, two alternative orders of the games remain: 

• Schedule A: the strong team plays at home in Round 5 and 

away in Round 6. 
• Schedule B: the strong team plays away in Round 5 and at 

home in Round 6. 

Note also that the Elo ratings are realistic with respect to the 

022/23 UEFA Nations League, see Table 2 . 

The probability of a fixed position after four matchdays is 

hown in Fig. 4 . Compared to the FIFA rule, favouring head-to-head 

ecords means that the first and the last team are known with a 

igher probability. The increase is about 0.5 percentage points for 

oth positions even in the case of identical teams ( � = 0 ). For the

roup winner, the difference gradually increases to exceed 3 per- 

entage points if there is a dominant team in the group. On the 

ther hand, the probability that relegation is decided after four 
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Fig. 5. The probability of an already secured position before Round 6, theoretical model. 

Fig. 6. The probability of finishing in a different position under the FIFA rule when the position is already secured under the UEFA rule before Round 6, theoretical model. 
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ounds stabilises close to 75 basis points (0.75%) due to the pres- 

nce of three weak teams. Since the strong team should play one 

atch at home and one away in both Schedules A and B, the order 

f the games does not affect these values. 

On the other hand, as Fig. 5 uncovers, scheduling does strongly 

nfluence the chance that the position of a team will be secured 

fter five rounds. In particular, the probability of a known group 

inner can be higher by 10 percentage points if the strong team 

lays away in the last round (Schedule A) and the group is im- 

alanced ( � ≥ 100 ). More importantly, the FIFA ranking rule has a 

obust advantage of 5 percentage points over the UEFA rule from 

his point of view, which is quite substantial in relative terms, 

orresponding to a reduction of 20–25%. The effect of the sched- 

le is more mitigated for the other three positions, however, the 

mprovement caused by preferring goal difference in tie-breaking 

oes not decrease below 5 percentage points. The two sched- 

les are identical if � = 0 , the small differences are owing to the

tochastic nature of the simulation. The likelihood of an already 

ecured position is generally higher if the variance of strengths is 

ncreased. 

Finally, Fig. 6 presents the probability that a team with a known 

osition under the UEFA rule loses its rank if goal difference is pre- 

erred to break the ties. In the case of four identical teams, this lies

bove 6%, which is much higher compared to the real-world study 

n Fig. 3 . While this conditional probability rapidly decreases for 

he group winner as the parameter � grows, the teams competing 

or the other three places face much uncertainty in holding their 

osition which would be secured only by favouring head-to-head 

esults. Consequently, the advantage of the FIFA rule in the com- 

etitiveness of the games seems to be more pronounced when the 

eams are closer in strength. 

Our theoretical investigation has reinforced the findings from 

he simulations based on the 2022/23 UEFA Nations League. In par- 

icular, preferring goal difference to head-to-head records is espe- 

ially useful to increase the stakes of the games played in the last 

wo rounds if the competition is balanced because no team can be 

alm to be ranked over another merely due to some luck in the al- 

eady played matches. Therefore, besides the widely known role of 

cheduling ( Chater et al., 2021; Guyon, 2020; Stronka, 2020 ), tie- 

reaking criteria need to be considered as another crucial aspect 

f fair tournament design. 

. Conclusions 

This paper has analyzed two popular tie-breaking concepts in 

ound-robin contests from a novel perspective, focusing on their 

mplications for the competitiveness of the games played in the 

ast round(s). A real-world example has revealed that a team could 

e guaranteed to win a round-robin tournament if head-to-head 

esults are considered over goal difference but not if the latter in- 

icator is preferred. According to simulations based on the 2022/23 

EFA Nations League A, the difference between the two basic tie- 

reaking principles—used by the FIFA and UEFA, among others—is 

on-negligible. The priority of head-to-head records makes the po- 

ition of the middle teams less uncertain, thus it can be detrimen- 

al to attendance especially if the first two teams qualify from a 

roup of four, which is the case in several prominent tournaments. 

ased on the calculations above, it is hard to argue for favouring 

ead-to-head results over goal difference to break the ties. 

Our finding yields an important lesson for tournament or- 

anisers by highlighting that the seemingly innocent order of 

ie-breaking criteria may have fundamental sporting effects. While 

revious studies have already explored the attractiveness of giving 

riority to goal difference instead of head-to-head results, as well 

s the crucial role of scheduling to avoid match-fixing opportu- 

ities, the latter issue has been verified here to be an essential 
1268
spect of determining ranking systems. Consequently, tie-breaking 

ules are worth getting more attention in the economic design of 

porting contests. 
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