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Abstract

In a study of passing structures for all teams in Premier league during the

two seasons from 2006 to 2008, Thomas Grund came to the conclusion that

a decentralised structure is more successful than a centralised structure. He

claimed that it is more advantagous to play decentralised and involve players

equally in the passing, than having one or a few central players who are re-

sponsible for distributing the ball. This study examines three teams in Premier

League from the season 2015/2016 in order to try and test the hypothesis

of whether decentralised passing is more successful. The methods used are

Markov chains and eigenvector centrality in order to identify a possible relation

between the passing structure and game results as well as between structure

and number of goals scored and conceded for the three teams chosen. The

results of the study did not show statistic evidence that could support the the-

ory by Grund.
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1 Introduction

Combining two different subjects is always a challenge. Even more so when

the two subjects are as far apart as football and mathematics are. But are they

really that far apart? Is football not just a certain number of people, trying to

pass the ball around in a pattern in order to get the ball into a goal more times

than the opposite team in the 90 minutes a game is ongoing? A football game

really is a field day for mathematicians. There are so many things to count

and calculate. From the basic number of goals in a game to creating graphs

by using the passing pattern of a team. When these graphs have been made,

there is no stopping a mathematician trying to analyse a game of football.

This is what Thomas Grund, assistant professor at the School of Sociology at

University College Dublin, did in his study from 2012 where he looked at all

games in the two Premier League seasons 2006/2007 and 2007/2008 to try

and find a relation between passing centrality and game results. He used two

different hypothesis, one concerning the density of a passing network for a

team. The other one, which is the one this report uses, concerns the central-

isation of a team. Grund uses three different techniques to calculate team’s

centralisation. One is called Node and tie based network centralization, he

calculates the sum of the differences between the highest scoring node and

all other nodes, he then divides the sum by the largest possible sum of dif-

ferences. Another technique, Weight centralization, is based on the fact that

the most decentralised networks are the ones where all nodes interact with

each other equally. The third technique, called Strenght centralization basi-

cally uses the distribution of the number of ties that the nodes in a network

have. The conclusion of his study was that a decentralised passing structure,
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a structure where the passing is equally distributed between the players, is

more successfull than a centralised structure [1]. In this report, his result will

be tested using yet another technique, one that Grund did not use, the tech-

nique is called eigenvector centrality and will be applied in analysing all games

for the three teams Arsenal, Manchester United, and Sunderland during the

season 2015/2016.

1.1 Research Questions

In this report, there are two questions to be answered:

1. Is a decentralised passing structure more advantagous than a centralised

structure?

2. Is eigenvector centrality suitable to apply when analysing football games?

1.2 Football and Mathematics

To most people, there is no obvious connection between football and math-

ematics. In the aftermath of a game, whether it was a dull draw with few

highlights or a spectacular 7-1 result in a world cup semi final, not many would

bring out their old calculus or statistics books in order to try and explain what

happened.

However, like everything else on this planet, football can be viewed through

the eyes of mathematics. What many do not realise is that when discussing

previous games and predicting upcoming games, they are very likely to use
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mathematics to make their statement. Betting agents use statistics in order

to make sure their odds are the best. Clubs use various data when making

decisions on which players to buy, sell or keep for the upcoming season. There

is mathematics involved in ranking players, clubs, and leagues [2]. Football, as

it exists today, would not be possible without the mathematics that lies behind

it.

The theory that statistics and numbers play an important role in football is

fundamental to the thesis of this paper. Applying graph theory, it is possible to

look at the passing structure for a team in any game as a weighted graph with

nodes representing the players and edges representing the passes. Markov

chains are used in order to find the eigenvector centrality for said graphs.

Eigenvector centrality measures the influence of nodes in a graph. When

applying mathematics to football, the eigenvector centrality provides a number

which reveals how involved, or central, each player is for their team.

A basic knowledge in football is assumed when reading this paper. However,

advanced mathematical concepts will be thoroughly explained one by one and

regarding the football part of the paper, well basically, scoring more goals than

the opponents means the game has been won.

2 Theory

Here, the techniques and methods used in this report are introduced and de-

scribed.
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2.1 Markov Chains

Markov chains are processes where the state vector for each iteration is a

probability vector showing the probability for that event after a certain number

of iterations. State vectors at different times are related by the equation

x(k + 1) = Px(k)

where P = [pij ] is a stochastic matrix, a matrix where each column is a prob-

ability vector showing the probability that a system which is in be in state j at

time t = 1 will be in state i at time t = k + 1. P is the transition matrix.

In many cases, after a number of iterations, the state vector remains the same

no matter how many more repetitions are being made. This vector is called

the steady-state vector [3] [4].

Example

A goat moves around in a paddock divided into three zones, called zone 1, 2

and 3 respectively. Leaving one zone, the goat can have one of the other two

zones as next destination. A matrix showing how many times the goat moves

into another zone in one hour is presented below. For example, the numbers

zero, twelve and eight in the first row indicates that out of the twenty times the

goat leaves zone 1 it moves into zone 2 twelve times and zone 3 eight times.

A =


0 12 8

11 0 11

9 10 0

 (1)
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The movement of the goat modelled by a Markov chain with a transition matrix

P is represented below

P =


0 12

20
8
20

11
22 0 11

22

9
19

10
19 0

 (2)

2.2 Eigenvector Centrality

The eigenvector of a A, an (n × n) matrix, is a vector x, if Ax is a scalar

multiple of x for some scalar λ. The scalar λ is the eigenvalue of A. That is;

Ax = λx.

For any node in a system, connections with a node that is more central in that

system, will add a higher score to the node than edges to and from a less

central node.

The centrality of node i can be denoted by xi and calculated with the equa-

tion

xi =
1

λ

n∑
j=1

Bijxj (3)

The vector of centralities can be written X = (x1, x2, ...) and the equation can

be rewritten in matrix form as

xt+1 = Pxt (4)
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where x is an eigenvector and λ the eigenvalue for B, furthermore, λ = 1 is

the eigenvalue corresponding to the eigenvector x [4] [5]. So for the matrix P

(See equation 2), the eigenvector is

x =


0.3279

0.3607

0.3115

 (5)

which means that zone 2 is the most central zone, the one that the goat is

occupying the most.

2.3 Centrality measure

This centrality measure aims to find the variation of a set of data. It shows

how much the values varies from the mean of the set. The centrality measure

is calculated by the formula

s =

√√√√ 1

n− 1

n∑
i=1

(xi − x̄)2 (6)

[6]

Where xi is all the values in the eigenvector x. For the previous example,

centrality measure for B in (3) is

s =

√
1

2
((0.3279 − 0.3333) + (0.3607 − 0.3333) + (0.3115 − 0.3333))2 = 0.0250

(7)

9



which tells that the variables in the x-vector are quite concentrated, the aver-

age variable is only 0.0250 away from the mean value of the group of values.

This means that the probability is almost the same for the goat to be in zone 1

as in zone two or three. If the centrality value is low, a set of data is decentral-

ized and spread evenly. In contrast, if it is high, the set is centralized and has

one or a few very central nodes.

2.4 Mann-Whitney U-test

The Mann-Whitney U-test is a non-parametric test used to establish differ-

ences in variables in two test groups. Assuming two groups, A and B, con-

sisting of n1 and n2 variables respectively. The total number of variables is

n1 +n2. The null hypothesis assumes that the distributions of both groups are

identical so that a randomly selected score from one group is just as likely to

be less as it is to be greater than a randomly selected value from the other

group. It compares median scores of the two groups in order to decide if null

hypothesis is true or can be rejected [7].

The variables from both groups are sorted according to size from small to

large with no consideration to which group they belongs to. Each variable is

assigned a rank value from 1 to n1 + n2. The rank values for each group are

separately added up to a sum, R1 and R2 respectively. Next, U1 and U2 are

calculated by the formula:

U1 = n1n2 +
n1(n1 + 1)

2
−R1 (8)
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U2 = n1n2 +
n2(n2 + 1)

2
−R2 (9)

The lowest value out of U1 and U2 is to be used when controlling the null

hypothesis. Using the table below showing the critical values for various num-

bers of variables with a significance level of 5 percent, if U is less than or equal

to the corresponding critical value the null hypothesis can be rejected.
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Figure 1: Table for critical values for a Mann-Whitney U-test, significance level

5 percent.
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2.5 Correlation Coefficient

The correlation coefficient shows correlations between two different sets of

data. Given the data, two different qualities for each unit is registered in pairs.

The correlation coefficient for n pairs (s1, y1), ..., (sn, yn) is calculated by

r =

∑n
i=1(si − s̄)(yi − ȳ)√∑n

i=1(si − s̄)2
√∑n

i=1(yi − ȳ)2
(10)

Where −1 ≤ r ≤ 1. There is little correlation when r is close to zero, gener-

ally described as weak when −0.5 ≤ r ≤ 0.5, and strong correlation when it

reaches towards the outer values, generally when −0.8 ≥ r ≥ 0.8 [8] [6].

3 Method

The techniques previously described theory are applied to practical examples

in this section. In order to prove or reject the thesis that a decentralised pass-

ing structure is better than a centralised structure, many steps are involved.

Beginning with graphs, networks of nodes connected by edges, the most cen-

tral player for Arsenal, Manchester United, and Sunderland in every game of

the 2015/2016 season is determined. Weighted graphs, representing passes

in the games, are produced. These graphs are mathematically represented by

matrices called stochastic matrices. Markov chain models for the matrices are

made in order to get the transition matrices. With transition matrices it is pos-

sible to find the eigenvector centrality which reveals the most central node in

a network. Knowing the most central node is the way to determine most cen-
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tral player. The data can be used in various ways, recognizing most central

position, finding differences in game result, as well as comparing decentrali-

sation and centralisation to name a few. All game data as well as information

about teams in this report come from Opta Data and can be accessed through

whoscored.com unless stated otherwise.

For this report, the steady state vector produced by the Markov chain system,

showing every player’s centrality in a game, is of great importance. The cen-

trality measure or centrality value, between player’s centrality in each game

is separately calculated. Mann-Whitney U-test is applied on the result, com-

paring the centrality values in an attempt to prove that the result in a game

is dependent on centralisation. A possible correlation between the centrality

value and number of goals that has been scored or conceded is also investi-

gated.

3.1 How to Choose Number of Games and Players

Choosing the number of games to use data from is an important task as it

will affect the validity of this report. This report is based on data from last

Premier League season for three teams. However, a higher number of teams

investigated, would give a more valid result. Collecting a sufficient amount

of data to be able to draw conclusions is important. Last season, the teams

chosen for this report, Arsenal, Manchester United, and Sunderland, finished

second, fifth, and seventeenth, respectively. Choosing teams that finished

quite far apart in the table may result in widely spread outcomes. The results

may show that teams benefit from different structures depending on if they are

a top- or bottom- rated team. However, it may have the opposite effect and
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show that no matter the standard of the team, playing a certain way is always

advantageous.

When choosing the number of players to include in the matrix, it is important

to consider how a game of football actually looks. At first, the matrix size

is between 11x11 and 14x14 depending on how many substitutes has been

used in the game. Reducing it by only looking at the starting eleven gives

the 11x11 matrix regardless of number of substitutions. Next, in order to get

more accurate data, two more players are to be eliminated. These are the two

nodes out of the starting eleven with the lowest degree, that is the players with

the lowest number of made and received passes. This makes the data more

trustworthy as it eliminates players who are making small contributions to the

game. For example the goal keeper in a game where the team is superior

their opponents or a player who gets sent off by a red card before managing

to complete many passes.

3.2 Finding Most Central Player

In this report, Markov chains have been used in order to find the steady-state

vector for the team’s passing matrices. Starting with a graph representing the

passes between all players, the numbers of passes are inserted into a ma-

trix. The matrix is then reduced to a 9x9 matrix. Markov chain is used on the

transition matrix, P , corresponding to the passing matrix. The eigenvector,

x, related to P by xt+1 = Pxt is found. The values in the vector x give the

eigenvector centrality for each player in the network. It measures how influen-

tial each player is in and makes it possible to find the most central player in

each game. Where degree centrality simply measures the degree (number of

15



passes to and from a player) of each node in a network, eigenvector centrality

takes in to account that not all connections are equal and denotes a higher

score for passes to and from more influential players. A player with a higher

number in the steady state vector is more central for their team than a player

with a low number [4].

3.3 Measuring Team’s Centralisation

A team’s centralisation can be measured by calculating the centrality measure

of all nine players in the steady state vector. The set of data is all nine num-

bers and the centrality measure shows the variation from the mean. A low

value represents a decentralised passing structure as opposed to a high cen-

trality value which represents a centralised structure. By analysing a potential

correspondence between centrality value and game results, it is possible to

notice certain team’s advantages and disadvantages with a centralised and a

decentralised passing structures [6].

3.4 Testing Centralisation with Mann-Whitney U-test

It is possible to make further use of the centrality measure that has been cal-

culated and draw conclusions on the importance of centralisation or decentral-

isation. In this report, the Mann-Whitney U-test is used in an attempt to find

a correlation between the centrality measure for the player’s centrality and the

result in the game. The two test groups are won games and lost games re-

spectively. If there is no correlation between a high or low centality value and

the game result, the null hypothesis is true. In order for Grund’s theory that
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decentralised playing is more successful than decentralised to be true, the null

hypothesis should be rejected. Two row vectors containing the centrality value

for won and lost games respectively are created for each of the three teams.

Next, the null hypothesis is tested for the variables in these two groups [7].

3.5 Testing Centralisation with Correlation Coefficient

In this report, the correlation coefficient is used in order to try and find a corre-

lation between the centrality measure of the players in a game and number of

goals scored or conceded. Basically, the goal is to find a relation between how

centralised the teams are and how many goals they score or concede. Scored

and conceded goals are considered in two different tests. The correlation be-

tween goals and the centrality value for the corresponding game is tested. The

null hypothesis is that there is no relation between the two. If the correlation

coefficient is close to zero, generally −0.5 ≤ r ≤ 0.5, the null hypothesis is

true. If the correlation coefficient reaches closer to −1 or 1 there is a relation

to take into account. There is also a p-value to take into consideration. The

null hypothesis is true if the data is unrelated. If the p− value is low, for exam-

ple 0.01, this means there is a one percent chance that the data is unrelated

and the null hypothesis can thereby be rejected for low p-values. Calculat-

ing the r-value for the correlation is done in two separate groups. Once for

the correlation coefficient for number of goals scored and once for number of

goals conceded. This is done for the three teams Arsenal, Manchester United,

and Sunderland separately (see Forth Appendix). The value of r represents

the correlation between the centrality value, and number of goals scored or

conceded by the team [8].
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4 Results

Presented below are three passing graphs showing the structure of Arsenal’s,

Manchester United’s, and Sunderland’s passing respectively in their away

games against Leicester City in the season 2015/2016. Edges are produced

between players only if six or more passes have been completed between

them. Each player is positioned in the position that was their average posi-

tion for passing and receiving passes. Leicester’s passing graphs in the same

three games are available for comparison.

Figure 2: Graph showing Arsenal’s passing in the game against Leicester.
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Figure 3: Graph showing Manchester United’s passing in the game against

Leicester.

Figure 4: Graph showing Sunderland’s passing in the game against Leicester.
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Figure 5: Graph showing Leicester’s passing in the game against Arsenal.

Figure 6: Graph showing Leicester’s passing in the game against Manchester

United.
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Figure 7: Graph showing Leicester’s passing in the game against Sunderland.

4.1 Most Central Player

Although the graphs present a good overview (see Figure 2, 3, 4, 5, 6, 7),

they do not give detailed information and can not be used to support or dis-

prove any theory. For that, the corresponding matrices, A1 for Arsenal, M1

for Manchester United, and S1 for Sunderland, consisting of the nine most in-

volved players are created. Markov chain models for the passes in the games

show the probability of the ball travelling to a certain player in transition matri-
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ces A2, M2, and S2.

A1 =



0 7 0 1 3 2 3 16 13

6 0 6 11 13 4 9 5 7

0 1 0 4 2 3 4 0 0

0 10 2 0 10 5 4 7 0

1 9 5 14 0 1 3 3 4

1 9 3 13 5 0 1 6 0

4 9 2 2 5 0 0 1 6

16 3 0 6 6 8 2 0 1

12 5 4 2 4 0 8 0 2



(11)

M1 =



1 10 6 7 16 1 9 2 8

7 0 9 3 7 8 8 6 4

5 8 1 1 5 1 13 4 1

10 2 0 2 11 1 1 7 17

8 7 8 7 1 2 7 5 1

6 2 2 4 0 1 12 2 16

12 11 12 0 7 5 0 2 15

2 6 1 0 3 0 1 1 1

5 2 0 25 2 13 8 2 0



(12)
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S1 =



0 1 4 0 0 1 0 1 1

0 0 1 7 2 1 1 0 3

1 3 0 5 4 2 5 0 6

5 3 3 0 2 6 6 4 2

1 2 2 7 0 4 15 3 11

1 0 2 1 1 0 0 3 0

3 1 3 10 4 5 0 9 5

4 0 1 7 11 7 7 0 0

1 5 6 5 8 1 2 1 0



(13)

A2 =



0 7
27 0 1

27
1
9

2
27 0 1

27
13
27

1
8 0 1

8
11
48

13
48

1
12

1
48 0 7

48

0 1
10 0 2

5
1
5

3
10 0 0 0

0 10
27

2
27 0 10

27
5
27 0 0 0

1
35

9
35

1
7

2
5 0 1

35 0 1
35

4
35

1
32

9
32

3
32

13
32

5
32 0 1

32 0 0

0 0 0 1
2

1
2 0 0 0 0

0 1
2 0 0 1

2 0 0 0 0

3
8

5
32

1
8

1
16

1
8 0 0 3

32
1
16



(14)
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M2 =



1
60

1
6

1
10

7
60

4
15

1
60

3
20

1
30

2
15

7
52 0 9

52
3
52

7
52

2
13

2
13

3
26

1
13

5
39

8
39

1
39

1
39

5
39

1
39

1
3

4
39

1
39

10
51

2
51 0 2

51
11
51

1
51

1
51

7
51

1
3

4
23

7
46

4
23

7
46

1
46

1
23

7
46

5
46

1
46

2
15

2
45

2
45

4
45 0 1

45
4
15

2
45

16
45

3
16

11
64

3
16 0 7

64
5
64 0 1

32
15
64

2
15

2
5

1
15 0 1

5 0 1
15

1
15

1
15

5
57

2
57 0 25

57
2
57

13
57

8
57

2
57 0



(15)

S2 =



0 1
8

1
2 0 0 1

8 0 1
8

1
8

0 0 1
15

7
15

2
15

1
15

1
15 0 1

5

1
26

3
26 0 5

26
2
13

1
13

5
26 0 3

13

5
31

3
31

3
31 0 2

31
6
31

6
31

4
31

2
31

1
45

2
45

2
45

7
45 0 4

45
1
3

1
15

11
45

1
8 0 1

4
1
8

1
8 0 0 3

8 0

3
40

1
40

3
40

1
4

1
10

1
8 0 9

40
1
8

4
37 0 1

37
7
37

11
37

7
37

7
37 0 0

1
29

5
29

6
29

5
29

8
29

1
29

2
29

1
29 0



(16)

The eigenvectors corresponding to the transition matrix gives the centrality of

each of the nine players in the matrix. These are presented below in order from

least central player to most central player for each team respectively [4].
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Arsenal
0.0647 Theo Walcott

0.0727 Nacho Monreal

0.0922 Héctor Bellerín

0.1030 Aaron Ramsey

0.1046 Laurent Koscielny

0.1054 Per Mertesacker

0.1431 Mesut Özil

0.1521 Alexis Sanches

0.1623 Santi Cazorla

(17)

Manchester United

0.0737 Chris Smalling

0.0743 Anthony Martial

0.0921 Ashley Young

0.1129 Matteo Darmian

0.1248 Bastian Schweinsteiger

0.1248 Juan Mata

0.1311 Michael Carrick

0.1323 Paddy McNair

0.1340 Daley Blind

(18)
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Sunderland
0.0660 Billy Jones

0.0718 Jermain Defoe

0.1057 Jeremain Lens

0.1079 Sebastián Coates

0.1104 Patrick van Aanholt

0.1228 Sebastian Larsson

0.1267 Younès Kaboul

0.1294 Jack Rodwell

0.1592 Adam Johnson

(19)

In addition, the corresponding vectors, showing the centrality for nine players

in Leicester City are created and presented below.

Leicester vs. Arsenal

0.0375 Wes Morgan

0.0413 Robert Huth

0.0655 Jamie Vardy

0.0688 Ritchie de Laet

0.0941 Riyad Mahrez

0.1073 N’Golo Kanté

0.1627 Marc Albrighton

0.2110 Danny Drinkwater

0.2120 Jeff Schlupp

(20)
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Leicester vs. Manchester United

0.0332 Wes Morgan

0.0526 Christian Fuchs

0.0735 Danny Simpson

0.0841 Jamie Vardy

0.0921 Marc Albrighton

0.1231 Shinji Okazaki

0.1560 Danny Drinkwater

0.1896 N’Golo Kanté

0.1957 Riyad Mahrez

(21)

Leicester vs. Sunderland

0.0527 Wes Morgan

0.0739 Ritchie de Laet

0.0974 Andy King

0.1064 Jeff Schlupp

0.1287 Shinji Okazaki

0.1340 Danny Drinkwater

0.1350 Jamie Vardy

0.1351 Marc Albrighton

0.1368 Riyad Mahrez

(22)
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4.2 Centrality Measure for Player’s Centrality

The centrality measure for a team in a game provides information about how

centralised the team was in that game. A high value reveals a more centralised

team as opposed to a low value which shows decentralisation. Given this

information as well as the previous passing graphs, logic states that Leicester

should have a lower centrality measure than Arsenal, Manchester United and

Sunderland in their respective games.

The centrality value for Arsenal in the game against Leicester was 0.0344,

compared to the value for Leicester which was 0.0683. As has previously been

stated, Leicester play a much more centralised football than Arsenal. In this

case, decentralisation seems to have beat centralisation as Arsenal won the

game 2-5.

For Manchester United, the centrality value was 0.0247, even more decen-

tralised than Arsenal, something that was characteristic for United during the

season of 2015/2016. The data used in this report is from that season. In a

blog post by David Sumpter from November 2016, he used more recent data in

order to discuss the effects of Paul Pogba in Manchester United. With the title;

Pogba - A problem for Man United he points out that the season 2016/2017,

after Pogba joined the team in August 2016, United rely on him playing in

the midfield and distributing the ball [9]. Leicesters value in the game against

United was 0.0586, a little less centralised than against Arsenal. The result in

the game was 1-1.

In Sunderland’s game against Leicester, the centrality value for their passing

centrality was 0.0288. Leicester’s value was very low for them; 0.0309. The

28



game ended in a 4-2 loss for Sunderland [6].

4.3 Mann-Whitney U-Test for Game Result

For Arsenal’s games, the Mann-Whitney U-test shows the null hypothesis of

equal medians can not be rejected. The p-value is 0.3908, which is more than

the default significance level of five percent. For Manchester United, the p-

value is a little lower; 0.2188, but still too high to reject the null hypothesis. The

p-value for Sunderland is 0.0629, which is much lower than for the other two

teams, but still not low enough to assume the null hypothesis to be rejected

[7].

4.4 Correlation Coefficient for Number of Goals

The results for the correlation coefficient for goals scored for each team re-

spectively.

Arsenal
r-value -0.0818

p-value 0.6252

Manchester United
r-value -0.0754

p-value 0.6572
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Sunderland
r-value 0.2879

p-value 0.0796

The result for the correlation coefficient for goals conceded for each team

respectively.

Arsenal
r-value 0.1728

p-value 0.2995

Manchester United
r-value 0.2729

p-value 0.1022

Sunderland
r-value 0.0313

p-value 0.8520

For Arsenal and Manchester United, the p-value for goals scored is 0.6252

and 0.6572 respectively. This means there is more than 60 percent chance

that the data is unrelated and no conclusion can be drawn using the r-value.

For Sunderland, the p-value for goals scored is 0.0796, less than eight percent

chance that the data is unrelated. However, the r-value is 0.2879, which is
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close enough to zero to draw the conclusion that the null hypothesis is true

and that there is no relation between Sunderland’s centrality and the number

of goals they score in a game.

For Arsenal, the p-value for goals conceded is 0.2995. It follows that no con-

clusion can be drawn using the r-value, furthermore, the r-value is too low to

be of any significance. For Manchester United, the p-value is 0.1022, just over

10 percent chance that the data is unrelated, and the r-value is 0.2729 which

means it is too low to draw any conclusions from. For Sunderland, the p-value

for goals conceded is 0.8520, an over 85 percent chance that the data is un-

related, meaning that the null hypothesis is true. Adding a very low r-value of

0.0313, there is no relation between Sunderland’s centrality and the number of

goals they concede in a game [8] [6].

5 Discussion

It is possible to use the graphs in Results, (Figures 2, 3, 4, 5, 6, 7) in order to

try and establish how centralised each team is. Simply looking at the graphs,

Manchester United seems to have been the most centralised team when play-

ing Leicester City. The way United was, and still is, playing, they rely on a

possession football with many short passes to make their attacks. Looking

at the graphs representing Leicester’s passing (Figure 5, 6, 7), they seem to

have been extremely centralised in all three games presented. In fact, Leices-

ter was the team that finished third from the bottom in the possession-table

for the season 2015/2016 with an average possession of 44.8 percent. Some-

thing that was very characteristic for Leicester during the season was the quick
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attacks with long balls and crosses, mainly from a few central players such as

their midfielders. This was obviously very successful seeing how Leicester

won the league. This was their first ever Premier League title. Should this be

taken as proof that Grund was incorrect in his article, stating that a decen-

tralised way of playing is more favourable than a centralised playing style? It

would be easy to say so, however, there are many more factors to take into

account in order to draw any conclusions.

Looking at the vectors showing eigenvector centrality the numbers represent

how involved a player has been in important passing during a game. Looking

at Manchester United’s players against Leicester (16), the only goal scored

by Manchester United in that game was a 1-1 goal in minute 46. This goal

was scored by Bastian Schweinsteiger and the assist came from Daley Blind.

Not surprisingly, Blind is the player who had the highest centrality in the game

[4].

Looking at the centrality for Leicester, the numbers are more widely spread

than for the other three teams [4]. A sign that Leicester has a few players they

count on for making those crucial passes leading to goals. As opposed to

Manchester United where almost the whole team can be involved and the ball

passed around before completing the attack with cruical passes. The central-

ity vectors for Leicester show that the four midfielders Albrighton, Drinkwater,

Kanté, and Mahrez are all central in the team’s passing. Here, the risks of

decentralisation are obvious. What if Albrighton gets suspended, Drinkwater

is out with an injury, and Kanté is having a bad day? Relying on only a few

players is a very fragile way of building a team and can come back to punish a

coach. This is what Sumpter discusses in his blog post about Pogba [9]. Dur-
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ing the season of 2016/2017 Manchester United seem to have been playing

a more centralised football, with Pogba as a central player. However, they are

a team that is quite good at rotating their starting eleven and can adjust their

way of playing depending on who is available for the game.

With the numbers showing centralisation for Arsenal, Manchester United, Sun-

derland, and Leicester in mind. That is, the centrality measure, Grund’s theory

that decentralised football is more succesful than centralised football, can be

questioned. Leicester, who won the league, got the best result in the game

they played the most centralised [4]. However, it is hard to draw general con-

clusions from these numbers since teams play different ways depending on

the opponents. For example, it is not surprising that Leicester had more time

to be decentralised and pass the ball around against Sunderland as they are

a lower ranked team than both Arsenal and Manchester United.

Using Mann-Whitney U-test and correlation coefficient in trying to prove a re-

lation between a team’s centrality and their results was an attempt to find

proof that level of centralisation affects the outcome of a game. The result of

the Mann-Whitney U-test shows that no correlation can be found between a

team’s centralisation and the game results [4] [7]. In addition, the correlation

coefficient shows that there is no relation between the level of centrality and

the number of goals scored or conceded in a game for Arsenal, Manchester

United and Sunderland [8] [6]. Consequently, no conclusions can be drawn

for the importance of playing centralised or decentralised.
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6 Conclusion

Based on statistics on three different team’s passing in Premier Leauge, pass-

ing structure and centrality has been presented. Each team’s level of centrality

has been analysed in relation to the results in their games in order to find a

possible advantage in playing decentralised [4] [7] [6]. No significant relation

between the decentralisation of a team and their results has been found.

Eigenvector centrality is still a helpful method for analysing football games.

The centrality of the team as well as each player individually can be used

in many different ways. It is important to remember that only because no

relation can be found using these techniques on this data, it does not mean

that no relation exists. The research by Grund showed that for all 760 games

in the two seasons from 2006 to 2008, and with the techniques he used, there

was a relation between passing structure and result. Consequently, using a

higher number of teams, comparing over various seasons, or applying other

techniques, such as counting only passes completed within a minute before a

goal is scored, could result in finding relations between level of centralisation

and game results.
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