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Abstract

The idea that Operational Research can be used to optimise the design of a sporting contest or
tournament is a novel one. This paper considers a methodology for this purpose. We propose a
number of tournament metrics that can be used to measure the success of a sporting contest or
tournament, and describe how these metrics may be evaluated for a particular tournament design.
Knowledge of these measures can then be used to compare competing designs, such as round
robin, pure knockout and hybrids of these designs. We show for example how the design of the
tournament influences the outcome uncertainty of the tournament and the number of unimportant
matches within the tournament. In this way, where new designs are proposed, the implications of
these designs may be explored using within a modelling paradigm. In football (soccer), the UEFA
Champions League has adopted a number of designs over its fifty year history; the design of the
tournament has been modified principally in response to the changing demands of national league
football and television—the paper uses this particular tournament to illustrate the methodology.

Keywords: OR in sport, sports tournaments, simulation; competitive balance.
Introduction

The success of a major tournament can have a significant influence on the development of a sport.
Szymanski (2003) suggests “designing an optimal contest is both a matter of significant financial
concern for the organisers, participating individuals, and teams, and a matter of consuming
personal interest for millions of fans”. Often, major sporting events receive enhanced national and
global coverage that is in contrast to the regular season. Therefore the success of a global, national
tournament for example can boost the interest in a particular sport. The Rugby Football Union of
England estimates some 51,000 new players took up the sport in the two years following the
success of the England team in the 2003 World Cup, representing a 25% growth in the playing
base. At the time of this tournament, England were considered to be the number 1 ranked team
(Official IRB World Rankings 6™ October 2003: 1% England, 2" New Zealand, 3" Ireland). Thus,
for this tournament the “best” team won. However, there are contrasting viewpoints with regard to
the desirability of this outcome. Owen and Weatherston (2004) suggest that the consequence of
low uncertainty of outcome is that fan, broadcaster and sponsor interest will not be maximised. In
contrast Szymanski (2003) states that in both Rugby Union and Cricket, “competitive balance
plays no obvious role in the popularity of these sports”. The following question then arises: can a
tournament be considered successful if the “best” team wins? Or more generally: What defines a
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successful tournament? Does the format of a tournament influence its success? This paper seeks to
address these questions using a modelling approach.

A number of high profile events have received regular modification to their structure, for
example the cricket and football (soccer) World Cup tournaments. Also in football, the UEFA
Champions League has seen perhaps the most significant change since its inception in the form of
the old European Cup. Originally, the competition was a 2-leg (home and away) knockout or
straight elimination competition with no seeding or late round entry; the competition took place
between the winners of each of the national football leagues in Europe. Later, the design was
adapted to include a group-round, and later still two group-rounds, and the possibility of more than
one team from each European nation entering the competition. In the group-round, teams in each
group play a round-robin to determine two qualifiers from the four in the group. Thus the
extension to group-rounds increased the number of games for successful teams. The second group-
round was then replaced by a knockout round in 2003 to make the tournament more exciting.
Recently, UEFA has been coming under pressure from the G14, a group of the wealthiest clubs in
Europe, to again increase the size of the tournament and there is speculation about a tournament
re-design for 2008 (Sinnott, 2006). As Owen and Weatherston (2004) point out, “spectator interest
is likely to be maintained the longer more teams remain in contention”. However, with the nature
of these round-robin group-rounds, the later matches in the group often have no bearing on the
progression of the teams involved. For example, in the recent 2006 FIFA (football) World Cup, the
final two ties of the first round group (of four teams) appear to have been scheduled between the
two seeded teams in the group and between the unseeded teams in the group. The qualifiers from a
number of the groups had been determined prior to these two final games, however, and so these
matches in the group-round between the best teams in the group were often of little importance.
These points suggest three further factors in tournament design that are relevant in the design of a
tournament: the minimum number of games each competitor plays; the importance of individual
matches; and the order of matches in group-rounds.

In 2007, the Cricket World Cup will change its format for a fourth straight tournament.
Historically for a sport that finds national coverage often difficult to achieve, the World Cup and
the success of the national team is crucial to the survival of the sport. In 2003 when political
turmoil engulfed the proposed match between England and Zimbabwe, the refusal of England to
travel to Zimbabwe had huge implications on the tournament outcome. This single game resulted
in England failing to qualify for the second round; it also facilitated the progression of a second
class team to the final stages, which in turn impacted upon the tournament as a whole. Interest in
the tournament dropped not only with the exit of England but also because a significant number of
matches in the final stages were grossly one-sided. A more robust tournament design might have
coped with this situation; in future modelling could be used to find more robust designs.

Thus we argue that Operational Research can assist in analysing the effect that certain
tournament formats have on particular aspects of the event. In addition, it may be possible to
propose optimum designs for future tournaments. This paper considers these issues. In the next
section, we describe a number of tournament designs. Metrics that may be used to assess
tournament designs are then proposed and described. We then discuss a model that can be used in
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order to calculate tournament metrics and so explore tournament designs. We conclude with an
example relating to the UEFA Champions League.

The approach described could also be used to consider rule changes within a sport. For
example, the effect of changes to point scoring systems on the outcome of individual matches
could be explored. An example in football would be changes to the rules for determining the result
when a match is drawn at full-time. Various schemes relating to goals scored in extra time have
been used in the recent past such as the “golden goal” (first to score in extra time wins) or the
silver goal (the second period of extra time is only played if the scores are still level at the end of
the first period of extra time). More radical ideas could also be explored through modelling, such
as determining match results, when goals scored are tied at the end of extra time, using shots (on
target, say).

Although the scheduling of matches within a given tournament format is strictly a tournament
design problem, we do not consider this here. Match scheduling is however firmly an OR problem
and has been extensively studied in the literature (e.g. Anderson, 1997; Wright, 2006).

Tournament Designs

Two tournament designs may be regarded as fundamental, with all other designs considered as
variations and hybrids. The first of these is the round-robin in which: every competitor plays every
other; competitors earn points for wins (and draws as appropriate); and the winning competitor is
defined as that with largest points score at the end of the tournament. In the round-robin, the
collection of competitors is called the league. The second fundamental design is the (pure)
knockout tournament in which: ties are played in rounds; competitors progress to round »+1 on
winning in round r; losers are eliminated; and the tournament winner is the sole, remaining
competitor—the winner of the final round.

Hybrids designs can then be constructed from these fundamental designs. Where a subset of
competitors play a round-robin, this is referred to as a group, and the collection of all groups from
which competitors proceed to a common position, is called a group-round or group-stage. Thus, a
tournament with an initial group-round and then a knockout tournament between competitors
qualifying from the group-round is a hybrid tournament. Appleton (1995) calls this an American
blocks with play-off. Group-round qualifiers may again play in groups in a second round—in
extremis, all rounds can be played in groups in an all group-rounds tournament—nhere all ties are
played in group-rounds, with competitors proceeding to group-round »+1 on qualification from
group-round ». Non-qualifiers are eliminated and the tournament winner is the winner of the final
group-round—nbizarre as this may sound, the 1950 football World Cup used just this format: 13
teams played in four first round groups, one team qualified from each of these groups to form a
final group which played a round-robin—Uruguay were winners. Knockout rounds may precede
group-rounds as in the UEFA Champions league, although not all teams play in the initial
knockout rounds which form a qualifying stage of the tournament.

Variations on the fundamental designs and thus on the hybrid designs are many. Both home
and away ties between the same pair of competitors may be played or ties may be repeated—the
English Football Association Premier League is a home and away round-robin. Multiple ties (>2)
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may be played between the pairs of competitors. In an incomplete round-robin (Cochran, 1971),
not all competitors play each other but all play an equal number of ties—this format was used in
the England and Wales Cricket Board county cricket championship in the recent past. Teams may
be assigned to groups and ties in a knockout on the basis strength—this is called seeding and is
used to maximise the probability that the best competitors meet in the later stages of the
tournament. Losers in round » may be given the opportunity to re-qualify for round »+1 in a so-
called repechage which is played between losers of round r. This repechage may itself be a group-
round or a knockout. Teams may enter the tournament at different rounds. In English football, the
FA Cup is an example of a knockout tournament with multiple entry; teams from the top two
league divisions enter the competition in the 3" round. Groups may be formed on a regional basis
as in the FIFA (football) World Cup qualifying stage. Designs can be made more complex still
with qualification rounds. Qualification rules for group-rounds can be varied. The simplest is when
k from each group of size / qualify, although variations may be used with best m third place
finishers to qualify and unequal numbers of qualifiers if group sizes vary.

Tournament designs have largely evolved to accommodate the characteristics of the sport
concerned, the competitive balance of the competing teams or individuals, and the size of the
tournament. With a large number of teams, the round-robin is a large tournament. The balance of
competitors may be such that novel designs are developed to maintain interest in a tournament.
The ICC (cricket) 2003 World Cup used a second round, single group—the super-six—since
cricketing nations are few, with teams falling into two classes that are well-separated in terms of
competitive strength; ties across these two classes are very predictable. In the ICC 2007 World
Cup, the second round is a single group of size 8 playing an incomplete round robin (6 matches
each). Two characteristics of the sport concerned that have a large influence on the design of a
tournament are: a) the possibility for a drawn tie (no winner); b) the scoring system. Appleton
(1995) discusses the sport of croquet at length. In this sport, draws cannot occur and the scoring in
an individual match is largely irrelevant. Therefore, a round-robin is not guaranteed to produce a
winner, and group-rounds with a small number of competitors will often not distinguish qualifiers
for later rounds. A knockout tournament, on the other hand, may be unsatisfactory for
championship events since 50% of competitors will play only one tie (even if ties have multiple
games). A number of remarkable designs have been developed to cope with these circumstances.
For example, in the draw and process, two knockout sub-tournaments are played between the
same set of competitors—the draw for the first knockout sub-tournament, called the draw, is
random and the draw for the second knockout, called the process, is arranged such that if two
players meet in an early round in the first, they will not meet until a late round in the second. The
two knockout sub-tournaments are then played independently. Two possibilities then arise: a) a
particular player wins both sub-tournaments, in which case this player is the winner of the
tournament; or b) different players win the two sub-tournaments, in which case they play-off in a
super-final. Under this design, players are only eliminated if they lose two matches. By contrast, in
association football, draws are possible and scores are relevant—then group-rounds nearly always
distinguish qualifiers when taking account of points and scores (goals for, etc.). Where qualifiers
are not distinguished, count backs can be used: for example, the actual tie between tied
competitors may be used to determine the winner or qualifier; or the number of ties won by the
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competitors’ defeated opponents may be counted. In one-day cricket, draws are rare and scores
cannot be compared in a straightforward manner. Where teams are tied at the end of group-rounds,
obscure run-rate calculations are performed to separate them. Teams can then appear to proceed to
later rounds on a technicality. However, it is unlikely that a tournament design like the draw and
process would be satisfactory here since a super-final is not guaranteed. In the Swiss system,
competitors are not eliminated at each round, but after a random or seeded first round, competitors
with similar records in the tournament are paired in subsequent rounds; thus first round winners
will play each other in the second round, and likewise for losers; in round 3, competitors with two
wins will be paired, competitors with a win and a loss will be paired, and competitors with two
losses will be paired. The winner is determined is the competitor with most wins after a pre-
determined number of rounds. Such a design leads to few one-sided matches than in a round robin
tournament (Appleton, 1995).

Ties are not necessarily restricted to pairs of competitors. Group-rounds then make little sense.
Knockout designs with & from »n to qualify at each round are then typically used. The initial
number of competitors and number that can be accommodated in a final then determines &, », and
the number of rounds (e.g. track athletics). To guarantee every competitor at least two ties or races,
repechages may be used, with the repechage designed so that first round losers who qualify for a
final will have raced more to get there (e.g. rowing).

Tournament Metrics

Glenn (1960), Seals (1963), Appleton (1995) and Marchand (2002) focus on the probability that
the best competitor wins the tournament. Appleton concludes that in order for a tournament to
select “as winner the best of entrants”, the seeded draw and process is a strong contender for the
optimal design when it is necessary to play relatively few games, and the round robin played twice
is most effective when players are closely matched and there can be more games. Thus, the
probability that the best team wins is a natural tournament metric. This metric is a measure of
outcome uncertainty of the tournament. Other possible measures of outcome uncertainty have been
proposed. We believe that it is helpful to distinguish between outcome uncertainty and competitive
balance, with competitive balance describing the relative strengths of teams in the tournament, and
outcome uncertainty describing variability in outcome—thus, competitive balance measures the
systematic variability in strength of teams; outcome uncertainty measures the systematic
variability plus the unexplained or random variability. Further we can consider the competitive
balance and outcome uncertainty of individual matches and of the tournament as a whole. The
tournament format can influence both competitive balance of individual matches and the outcome
uncertainty of the tournament—for example, seeding leads to early matches in a tournament of low
competitive balance, and a knockout design will lead to high tournament outcome uncertainty even
when the competitive balance of the tournament is low. For a fuller discussion of competitive
balance and outcome uncertainty, see Koning (2000) who takes an historical look at competitive
balance in Dutch football, or Szymanski (2003) who reviews these concepts within the context of
the organisational structure and regulation of sports, and considers whether restrictive practices
should be introduced in an attempt to maximise revenue. Other sports economists have considered
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the drivers of demand for sport—for example, it has been proposed that demand for match tickets
peaks when the home side are twice as likely to win as the away (Knowles et al., 1992; Peel and
Thomas, 1997).

For our purposes, we assume that the competitive balance of teams entering the tournament is
fixed, but that the tournament design can influence the pattern of competitive balance of individual
ties—through seeding for example as is typical in tennis tournaments, or through the number of
teams taking part in particular rounds (e.g. super-six in cricket)—and the uncertainty of
tournament outcome. We propose the following as a measure of tournament outcome uncertainty:
the probability P, , that a team in the top 1004 pre-tournament rank percentile progresses forward
from round R. The collection of curves P, versus g for all rounds would represent the
tournament outcome characteristics. In a tournament with 2* teams playing k rounds in which half
the teams are eliminated at each round, it follows that P, . with R=k and q=2"is the
probability that the best team wins; that is, the probability that the team with the highest pre-
tournament rank wins. For example, in a 32 team tournament there are 5 rounds, and so that A, 5
is the probability that the best team wins, and P,;,, is the probability that a team in the top 50%
pre-tournament ranking progresses beyond round 1. In a tournament without elimination, such as a
round robin, P, , is the probability that a team in top 100g pre-tournament rank percentile finishes
the tournament in the top 100x 2% %,

Some shocks may heighten level of excitement in a tournament, but may also have a serious
downside—for example, the ICC Cricket World Cup suffered when one or two results that were
affected by rain and political turmoil forced the exit of both England and the host nation, South
Africa. Tournament designers may want to minimise the impact of shock results and maximise the
probability that the better teams reach the later and more lucrative rounds; P,  provides a useful
metric for considering these issues. However, the outcome characteristics of a tournament will
depend on its competitive balance, since a tournament with perfect competitive balance will have
P,,1=05, P,,=0.25, etc. Thus one cannot determine general outcome characteristics for a
particular tournament design—one can only compare outcome (uncertainty) characteristics of
competing designs given a particular competitive balance structure. It will then be important to use
a reasonable estimate of competitive balance structure when comparing designs. Estimates of
competitive balance would ideally then be obtained based on data of previous occurrences of the
tournament in question. When comparing designs, some sensitivity analysis to the competitive
balance of the participants would be recommended.

Summary metrics similar to P, , can be calculated such as the (rank) correlation of the pre-
tournament rank and exit rank (finish position) of competitors. If this metric is close to 1 then there
is relatively little movement by sides above or below their expected performance, based on their
pre-tournament rank, and tournament outcome uncertainty is low. A tournament with a correlation
of 0.3 has a more competitive nature than one with a value of 0.6. The method of calculation of the
correlation will need to be able to handle tied values since many competitors will have tied exit
ranks—in a pure knockout with 2* teams, 2 teams will have equal exit rank 2 +1, for
example.

So far, we have not identified a measure of uncertainty of an individual tie. This can be simply
measured using the “home” win probability. Where tournaments are played at neutral locations
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there will be the requirement to define the reference competitor not as the home competitor but as
the competitor named first on the fixture list. Alternatively we might use the home win to away
win probability ratio or the logarithm of the home to away win probability ratio as a measure of
uncertainty for individual matches.

Other simple tournament metrics that may be considered are as follows. The number of ties in
the tournament, and the maximum and minimum number of ties for an individual team or
competitor are simple and important metrics. These are fundamental in relation to tournament
logistics and for revenue, both from the point of view of the tournament organisers and individual
competitors. For a pure knockout tournament with » = 2k (k integer) teams, n—1 ties are required,
taking k& =1log, n rounds, competitors playing a maximum of & ties and minimum of 1. In a round
robin with » competitors, n(n—1)/2 ties are required with each competitor playing »—1 ties. For
the all group-rounds design with n=2% teams playing in groups of size 4 with 2 to qualify,
GXZf.:OZZi ties are required with competitors playing a minimum of 3 ties and a maximum of
3(k —1). Further, the distribution of the number of ties played by each team would be an
interesting metric.

Finally, the percentage of unimportant ties in a tournament may be defined. A tie may be
defined to be unimportant if it has no effect on the tournament outcome. In a knockout tournament,
all ties are important. In a round robin or a round-robin, knockout hybrid, ties may be unimportant
depending on the definition of tournament outcome. If the tournament outcome is simply defined
as the label of the tournament winner, then many ties in the later stages of a round-robin or group-
rounds may be unimportant. If the tournament outcome is defined as the exit-ranks of all
competitors, then some group-round ties in a round-robin, knockout hybrid may be unimportant—
this is because the results of certain group-round ties may have no influence on the group-round
finishing positions. Scarf and Shi (2006) consider this metric in some detail. These metrics are not
an exhaustive list of measures for optimisation, but form a useful set. Other metrics have been
considered by other authors. Russell (1980) considers carry-over effects in sequences of matches
in order to design fair schedules for round robins. Lundh (2006) develops a tournament outcome
uncertainty measure for individual matches in particular tournament and uses this to compare
sports rather than to design tournaments.

Tournament Model

For a given tournament design, to calculate the majority of the metrics proposed it is necessary to
use simulation. While limited results can be obtained from historical tournament data, these will
not be useful for considering new designs or tournaments that occur infrequently. A prediction
model for individual ties will form the basis of the tournament simulation model—this prediction
model can be used to simulate the results of individual ties. Given the design, we can then simulate
a complete tournament repeatedly and obtain estimates of the metrics of interest.

Prediction model for individual ties
The prediction model will depend on the sport considered. Logistic or probit regression is a natural
candidate for modelling results of ties between two competitors. Such models are used in
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association football, with simple models quantifying the strengths of the home (or reference) and
away teams (Koning, 2000). In Koning’s model, the outcome of the game is determined by the
random variable D;. =a,—a; +&;, where a; and «;represent the measured strengths of team i

and j respectively, and ¢; ~ N(0,0%) represents unexplained variation. The result is given by Dy,
where

1 if D; > cy,

with a win coded as 1, a draw as 0 and a loss as -1. Logistic regression is similar and has been used
in cricket (Scarf and Shi, 2005). Alternatively, for football, goals for and goals against (the
reference side) may be modelled using bivariate Poisson models (Maher, 1982; Lee, 1997; Dixon
and Coles, 1997; Rue and Salvesen, 2000; Karlis and Ntzoufras, 2003; McHale and Scarf, 2006).
For simplicity, for the numerical investigation in the following section we use Maher’s model
which assumes independent Poisson distributions for each of the number of goals for and against
(the reference team) with means specific to the past performances of each team. Letting .X; and
Y; be the number of goals scored in a tie between team i and team j, then X, ~ Poisson(e, 3,7)
and Y, ~Poisson(«;;), where « measures the attacking strength, 4 the defensive strength and
y is a parameter which allows for the effect of playing at home. For the purpose of the simulation,
values for model parameters must be available. For ties with many competitors (>2), multinomial
logistic or probit regression could be used.

More simply, we could subjectively propose win, draw, and loss probabilities for all potential
ties i versus ; (all 7,7). Such probabilities could be based on historical records of betting odds.

Technical aspects of tournament simulation

For a given tournament design, there will be a number of technical issues that will need to be
addressed. These technical issues will arise from features of the design, such as how competitors
are assigned to ties (the draw) and how draws (no result) in knockout ties are resolved. We do not
go into detail here, but merely highlight issues that may arise. For example, determining whether a
game is unimportant is not necessarily straightforward, and likewise for the separation of teams on
equal points in group-rounds.

Optimisation of tournament design

With many metrics to consider, it may be sensible to use Multiple Decision Criteria Analysis
(MDCA) (e.g. Belton, 1999). Numerous techniques are available, but a standard feature is the
performance matrix with element jj, representing the value of metric ; for design i. This
performance matrix can be analysed using one of a number of techniques. With direct inspection,
it may be possible to identify dominance (when one design performs at least as well as another on
all criteria and strictly better than the other on at least one criterion) and trade-offs between
different criteria that are acceptable, so that good performance on one criterion can in principal
compensate for weaker performances in another. If it can be reasonably assumed that the criteria
are preferentially independent of each other and if uncertainty is not formally built into the model,

8
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then a simple linear additive evaluation model may be used. Here, the value of a design is
calculated by multiplying the value of each metric by the weight attached to that metric, and
adding the weighted scores. The Analytical Hierarchy Process also develops a linear additive
model, but, in its standard format, uses procedures for deriving the weights and the scores
achieved by alternatives which are based, respectively, on pairwise comparisons between criteria
and between designs (options). Outranking methods seek to eliminate options that are, in a sense,
‘dominated’. Unlike the dominance method, dominance within the outranking frame of reference
uses weights to give more influence to some criteria than others.

Numerical example—simulation of the UEFA Champions League

At its conception the UEFA Champions League or European Cup was a knockout tournament for
the winners of all the major domestic football leagues in Europe. This tournament was a pure
(unseeded) knockout where rounds consisted of teams playing against each other home and away.
By many this was considered the purest form of tournament football available. This format was
used until the 1990s when the tournament was expanded to include a first round group-stage—a
hybrid round-robin, knockout tournament. This change increased the minimum number of games
each qualifying club played from two to six games (since groups comprised 4 teams playing each
other home and away). From UEFA’s perspective, this modification increased the number of
matches that it could sell to the top European broadcasters.

The inclusion of the group-round also generated unimportant games, since final group
positions are often decided prior to the final game of the group. In spite of this, UEFA expanded
the tournament yet further to include a further group-stage. This experiment lasted only two years
however, when in 2003 UEFA reverted back a single, first round group, followed by knockout
rounds. Throughout these changes, UEFA also experimented with seeding policy, finally settling
on a seeded first and second round.

Since this tournament has undergone many changes and further change is anticipated, it is
interesting to apply the ideas presented in the paper to it. The designs described may be analysed
using the simulation techniques developed and “optimal” designs suggested. Taking the
fundamental designs discussed above (round-robin, pure knockout) and the all group-rounds
design as reference points, other designs can be thought of as contained within these formats. It is
therefore relevant to compare working designs with the three fundamental designs: 32 team round-
robin; 32 team pure knockout; 32 team all group-rounds (8 Groups of 4, then 4 Groups of 4, then 2
Groups of 4 and then a final group of 4 teams).

The bivariate Poisson model due to Maher (1982) was used to simulate the results of
individual ties. This meant that for group-round ties and home and away knockout ties, the number
of goals for each team could be calculated. Then, group tables could be formed using points, goals-
for and goals-against. The technicality of away goals counting extra in the event of drawn matches
over two ties could also be resolved. Where ties remained unresolved, the winner was chosen
purely randomly (win prob=0.5). Estimates for the parameters of the Maher model were obtained
from that paper—these were deemed to show variation representative of the 32 teams that
comprise the later stages of the Champions League (table 1). Pre-tournament ranks were based on
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these parameters. Note we have ignored the qualification stages in our consideration of the design
(although in practice, the simulation could easily be extended). There is an argument that
qualification starts in the national leagues themselves, but this is really another matter.

The tournament was simulated using Excel to construct the seeded draws, to obtain results of
individual ties, and to form group-round tables and to determine qualifying and eliminated
competitors at each round, and VBA allowed repeat simulations for the calculation of tournament
metrics. Unseeded tournament draws are somewhat simpler to produce.

Results

In order to obtain reasonable estimates of tournament metrics, it was determined that 5000
simulations were required—figure 1. Table 2 shows the values of various metrics for the
tournament designs considered. Home win probabilities for all matches in selected tournaments are
shown in figure 2—these illustrate the outcome uncertainty of individual ties in the tournament.
Histograms are plotted for various rounds and overall as applicable. Figure 3 shows the
tournament outcome characteristics for six tournament designs.

From table 2, we can see that as expected the round-robin is the design that maximises the
probability that the best team wins. Furthermore, this design also maximises the correlation of the
pre to post tournament ranks—thus this design is in a sense the “fairest”. Tournaments with group-
rounds are then “fairer” in this sense than knockout tournaments with an all group-rounds
tournament more likely to result in the winner being the highest ranked team than the 1 or 2 group-
rounds tournament. “Fairness” in this sense is to be traded off against tournament size, obviously,
and also the proportion of unimportant matches (18% for the round robin). The round-robin and all
group-rounds formats also mean that a final match to select the winner does not take place.

The tournament outcome characteristic curves, P, ., for the round-robin provide a reference
for other designs. For the round-robin we can see that a team with high pre-tournament ranking is
much more likely to finish in the top 50% than for other designs (upper curve), and that it is most
“discriminating”—the slope of the lower curves is maximum among the designs. The curves for
the unseeded 2 leg knockout design are flattest indicating that this design is least discriminating
among the teams—nhere tournament outcome uncertainty is greatest.

The impact of seeding and of 2 leg rounds can be observed in table 2. Both of these factors
reduce tournament outcome uncertainty. One might say they increase fairness in the sense that the
pre to post tournament rank correlation is higher with seeding and with 2 leg rounds. One could
argue however that seeding introduces an element of unfairness since then the draw is not random,
and seeded competitors have a higher probability of progressing to later rounds. The seeded team
must be chosen by the tournament organisers although an element of objectivity could be
introduced here by using official rankings if they exist. These are however often modified by the
local tournament organisers, for example as in tennis where seeding reflects international rankings
and local playing conditions.

10



Optimal Design of Sporting Contests

Table 1: Attacking and defensive parameters used in the Poisson model for individual ties (UEFA
Champions League simulation). Home advantage parameter, y =1.39.

Team Attack Defence | Team Attack Defence
strength | Strength strength | strength
(@) ) (@) )
1 1.235 0.527 17 1.446 0.772
2 1.278 0.649 18 1.622 0.775
3 1.730 0.534 19 1.192 0.649
4 1.183 0.760 20 1.281 0.732
5 1.238 0.658 21 0.957 0.667
6 1.115 0.699 22 0.990 0.821
7 1.177 0.667 23 1.341 0.676
8 1.510 0.583 24 0.917 0.961
9 1.448 0.561 25 0.959 0.832
10 1.232 0.728 26 0.864 0.884
11 1.869 0.402 27 0.912 0.884
12 1.244 0.750 28 1.170 0.737
13 1.659 0.578 29 1.122 0.710
14 1.460 0.658 30 0.955 0.921
15 1.497 0.717 31 1.448 0.509
16 1.387 0.698 32 0.964 0.949
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Figure 1. Plots of: (a) the average pre-tournament rank to exit rank correlation; (b) the proportion of
times the highest pre-tournament ranked team won the tournament, as a function of the number of
tournament simulations (UEFA Champions League simulation).
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Table 2. UEFA Champions League simulation: estimates of the tournament metrics for various

tournament designs (5000 simulations for each tournament design). Note home win probabilities are less
than 0.5 because draws are possible in group rounds.
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Round robin (home and away) 62 62 | 992 18 | 1.3 | 0.86 | 0.85 | 0.42 | - -
All group-rounds (seeded) 6| 24| 180 | 40| 35| 049 | 061|040 | 99 7.25
1 group-round & knockout (2 leg,
seeded) 6 13| 125 | 27| 59| 031|054 | 044 | 101 | 8.34
1 group-round & knockout (2 leg,
unseeded) 6 13| 125 | 29| 58| 032 | 044 | 044 | 109 | 8.93
1 group-round & knockout (1 leg,
seeded) 6 10| 111 | 26| 6.7]0.25| 053 | 045 | 104 | 9.17
2 group-rounds & knockout (2 leg,
seeded) 6 17 | 157 | 32| 51033 | 057 | 044 | 93| 754
2 group-rounds & knockout (2 leg,
unseeded) 6 17 | 157 | 35| 52| 035 | 047 | 0.38 | 10.0 | 8.38
2 group-rounds & knockout (1 leg,
seeded) 6 15| 151 | 34| 57| 029 | 056 | 036 | 9.7 | 845
Knockout (2 leg, seeded) 2 9| 61| 00| 56| 031|046 | 044 | 10.7 | 8.73
Knockout (2 leg, unseeded) 2 9| 61| 00| 62030 032|044 | 119 972
Knockout (1 leg, seeded) 1 5| 31| 00| 75| 021]044]052]|112] 9.87
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Total Round 1 Round 2 Round 3

1 group-round &
knockout (2 leg,
seeded)

1 group-round
& knockout (2
leg, unseeded)

2 group-rounds
& knockout (2
leg, seeded)

Knockout (2 leg,
seeded)

Knockout (2 leg,
unseeded)

Round-robin
(home and away)

FEFEFE

Figure 2. UEFA Champions League simulation: histograms of home win probability for all individual

matches for six different tournament designs (5000 tournament simulations for each design). Home win

probabilities also shown by round; round 1 comprises 32 teams; round two 16 teams; and round three 8
teams (quarterfinals).
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Figure 3. UEFA Champions League simulation: plots of tournament outcome
characteristics P, , against ¢ for various rounds, R, for six tournament designs. Top curve
R=1 (progression from round 1), next curve R=2 (progression from round 2),..., bottom
curve R=5 (winning tournament).
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Discussion

This paper has been written with practitioners in mind. We feel that the content is accessible to a
wide audience and has the scope to impact on practice. The key elements are a discussion of
tournament formats, the definitions of a number of tournament metrics, not necessarily exhaustive
but extensive, and a simulation approach that includes a prediction model for individual matches
or ties based on input measures that represent the strengths of competitors (and hence competitive
balance) in the tournament. Simple techniques can be used to analyse the simulation output.
European football is used as the main example. On the basis of this, it is reasonable to conclude
that pure knockout tournaments maximise tournament outcome uncertainty and match importance,
while round-robins and tournaments with a significant element of group-rounds are the reverse.
While knockout tournaments may maximise excitement, they may be unacceptable because half
the competitors play only one match (or two if matches are played over two legs). This trade-off is
well known and major football tournaments (UEFA Champions League, FIFA World Cup) have
settled on the 1 group-round design.

Fairness in a tournament is an interesting concept and could be defined in a number of ways: a
tournament might be considered “fairest” if it maximises the association between competitor
strength and finish position; alternatively, a tournament might be considered “fair” if the
competition is the same for all teams. On this latter definition we would argue that tournaments
with random draws are fair. Under the former definition, seeding which implies non-random draws
produces a fairer tournament! By draw here, we mean the allocation of a competitor to a match.

The methodology in this paper offers benefits for tournaments for which there is no settled
design. There is scope for real application and an impact on practice in this context. The ICC
cricket World Cup is a case in point, and the design of this tournament presents particular
difficulties, not least the significant gap in strength between competing teams. As well as
considering standard tournament metrics described, such as the probability that a team in the top ¢
quartile progresses beyond round R, the simulation model might also be used to consider the effect
of the weather and scoring systems for separating teams on equal points in group stages.

A limitation of the methodology is the requirement for the quantification of team strengths and
for a model of individual match outcomes. These may be difficult to specify and any conclusions
based on the simulation will be conditional on such a model. Different sports have different levels
of individual match outcome uncertainty and the match outcome model would need to reflect this.
However, for many sports such match outcome models are well established. Where they are not
available, match outcome probabilities may be determined subjectively. Thus the value of the
simulation model will be constrained by the quality of the inputs, and some particular
circumstances for a tournament may not be envisaged in advance, such as matches that are forfeit.

We have written principally about European sports but the methodology would also be
appropriate for North American sports, although the geography of the nations concerned presents
tournament organisers with particular issues such as travel. For instance, College baseball in the
US uses an interesting tournament design in order that overall team travel is not excessive.
Changes to rules and point-scoring systems may also be considered using the methodology
described.
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