
•• HowHow well do well do footballfootball playersplayers performperform ??
•• Football Football isis unfair !unfair !
•• SomeSome statisticalstatistical factsfacts aboutabout men‘smen‘s footballfootball
•• ComparisonComparison withwith women‘swomen‘s footballfootball
•• TheThe ((mostmost likelylikely) World Cup Champion 2014) World Cup Champion 2014

WhyWhy isis women‘swomen‘s footballfootball lessless popularpopular ??
MetinMetin TolanTolan,, metin.tolan@tumetin.tolan@tu--dortmund.dedortmund.de

Technische Universität Dortmund, Fakultät Physik & DELTATechnische Universität Dortmund, Fakultät Physik & DELTA



IsIs thisthis possiblepossible? ? IsIs RonaldinhoRonaldinho ableable to to hithit on on 
purposepurpose thethe crossbarcrossbar of a of a goalgoal fourfour timestimes

in a in a rowrow fromfrom 16 16 metersmeters distance?distance?

x = 16m

z = 2.44m   

How accurate must the
correct launchlaunch angle angle and the correct initialinitial

velocityvelocity of the ball be reproduced ?
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CalculationCalculation of of shotsshots withwith different different launchlaunch anglesangles

crossbar
of the goal
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The exact calculation yields: 
variation of the launch angle by 1°1° and
variation of the initial velocity by 1 km/h1 km/h
 spread of the height by 50 cm 50 cm !



1991: Swiss football player of the year
1992 – 1994: VfB Stuttgart (20 goals)
1994 – 1996: Karlsruher SC (11 goals)
2007 – 2008: Manager of the Swiss national team

Adrian Knup



Der Spiegel 48/2005Der Spiegel 48/2005

After a few days with a lot of public attention the German 
Nike spokesman admitted: "The shots on the crossbar have
been reworkedreworked and and refinedrefined on the computer."
This disappointed Ronaldinho fans deeply. They got a little
bit consolation from the Northern Europe spokesman who
said: "Two of the four crossbar hits were real. ReallyReally!"



ThisThis isis thethe real real performanceperformance of of footballfootball playersplayers ..........
((quaterquater final final AsiaAsia GamesGames 2010 2010 UzbekistanUzbekistan –– QatarQatar))
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What is characteristic for
a fair game or sports ?
Roulette etc.:

Track & Field:

Totally unfair !
Pure luck

100% fair !
The better

always wins

The more often thethe
betterbetter winswins the more

fair a sports is !
How fairfair is football ?



total number of goals per game
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stronger team: goal probability of p = 2/3

weaker team: goal probability of p = 1/3

QuestionQuestion:: HowHow large large isis thethe
probabilityprobability forfor thethe WEAKERWEAKER

teamteam to to winwin ??

3

26%

If we have tootoo manymany goalsgoals then a weaker
team has less possibilities to win.

The game becomes more fair but less
interesting ! One knows the outcome ..... 



Handball is more boring than football
Football-Bundesliga season

2006/07 (2-points rule)
Handball-Bundesliga season

2006/07 (2-points rule)

Difference 1. to 18. Handball final standings: 47 points
Difference 1. to 18. Football final standings: 29 points

 Handball is moremore fair fair then football !
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Goal Distribution German Goal Distribution German Men‘sMen‘s BundesligaBundesliga

number of goals k scored per game
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Fit of the data using a
Poisson - distribution :

with



Simple „Model“ of Simple „Model“ of Men‘sMen‘s FootballFootball

AssumptionAssumption:: Football Football teamsteams behavebehave such as such as radioactiveradioactive
sourcessources.. They „emit“ goals with an uncorrelated random
distribution according to Poisson statistics.  





ProbabilityProbability ppzz((A) ) thatthat a a footballfootball gamegame isis endingending withwith a a goalgoal
differencedifference of of zz ifif on on averageaverage A A goalsgoals areare scoredscored::

 ,0( ) 2 IA
z z zp A e A   

ModifiedModified BesselBessel--functionfunction
of order of order zz withwith argumentargument AA





z,0
1 für z = 0

δ =
0 für z > 0

since draws should not count twice



Premier League
analysis of 5300 games
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Italian Serie A
analysis of 2000 games
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1. & 2. Men‘s Bundesliga
analysis of 27000 games

Very well explained by
the theory  no large large scalescale

manipulations
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Goal Distribution German Goal Distribution German Women‘sWomen‘s Football BundesligaFootball Bundesliga
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Fit of the data using a
Poisson - distribution :

 with
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Goal Goal distributiondistribution
forfor men‘smen‘s World CupWorld Cup
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2.75a  3.5a 

Too many
goals!

The key problem
of women‘s football is that
there are tootoo manymany goalsgoals!



2  A N R Area :

R

R T v  player

TheThe Solution of Solution of thethe Problem Problem forfor WomenWomen Football …..Football …..



AimAim:: „„Women‘sWomen‘s footballfootball = = Men‘sMen‘s footballfootball““

2 2 T v A player N

Should
be the
same

Women & men
are playing on the

same fields

Women approx.
10%10% slowerslower
than men

?

The (trivial!) calculation yields: 
If there are twotwo moremore fieldfield playersplayers

then women‘s football would be as interesting
as men‘s football already is !



In In  30 30 YearsYears:: Women‘sWomen‘s Football vs. Football vs. Men‘sMen‘s FootballFootball

2 2 T v A player N

Should
be the same

as today

teams will still
play on the
same fields

men‘s football
will speed up

by 10%10% !

?

TwoTwo fieldfield playersplayers must be
eliminatedeliminated to keep men‘s football as interesting

as it is today ! Otherwise women‘s football
will become more popular ….
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The same holds
for the goal distribution

of World CupsWorld Cups !



Simple „Model“ of Simple „Model“ of Men‘sMen‘s FootballFootball

AssumptionAssumption:: Football Football teamsteams behavebehave such as such as radioactiveradioactive
sourcessources.. They „emit“ goals with an uncorrelated random
distribution according to Poisson statistics.  





ExampleExample: : CalculationCalculation of a of a SpecificSpecific Football Football ResultResult
(1) SpainSpain achieved during the qualification 2014  aa = 1.8= 1.8 goals

per match on average. The probabilty that this team scores
exactly k = 1 goals is:

1
1.8

1.8
1.8 1.8(1) 0.165 0.297 29.7%
1! 1

p e    

(2) TheThe NetherlandsNetherlands achieved during the qualification 2014  aa = 3.4= 3.4
goals per match on average. The probabilty that this team
scores exactly k = 5 goals is:

5
3.4

3.4
3.4 454.3(5) 0.033 0.125 12.5%
5! 120

p e    

(3) If these two teams play against each other then the probability
for the result 1:51:5 can be calculated simply by:

1.8 3.4(1) (5) 0.297 0.125 0.038 3.8%p p    



3:2  3,1%
2:1  3,0%
1:0  1,0%

2:2  5,2%
3:3  3,5%
1:1  3,4%

1:3  6,5%
1:4  5,5%
1:5  3,8%1:5  3,8%

Spain   Spain   –– TheThe NetherlandsNetherlands
aaSpSp.. = 1,8 = 1,8 aaNethNeth.. = 3,4= 3,4

The most probable results:
Spain victories:

Netherlands
victories:draws:



World Cup World Cup GroupsGroups and and AverageAverage ScoringScoring Rates in Rates in thethe QualificationQualification



WhichWhich teamteam
will will winwin

thethe World CupWorld Cup
2014 ? 2014 ? 

100000 100000 timestimes simulation
of the tournament with the
scoring rates of the teams

according to the
qualification results !



GerGermamany:ny: 20.33%20.33%
The Netherlands: 18.61%

England: 11.67%
Bosnia & Herzegovina: 11.34%

Ghana: 10.96%
Brasil:  9.04%

Ivory Coast:  3.42%
Argentina:  2.28%

Algeria:  1.54%
Japan:  1.39%

Italy:  1.14%
Russia:  1.13%
France:  1.10%

Portugal:  0.99%
Chile:  0.81%
Spain:  0.65%

Switzerland:  0.64%
Belgium:  0.64%

Colombia:  0.52%
South Corea:  0.34%

Uruguay:  0.30%
Australia:  0.26%

Nigeria:  0.19%
USA:  0.15%

Honduras:  0.12%
Costa Rica:  0.11%

Ecuador:  0.11%
Croatia:  0.09%

Cameroon:  0.07%
Greece:  0.06%

Iran:  0.06%
Mexico:  0.00%

1/32 = 3.12%



Thank You for
the Attention !

FurtherFurther ReadingReading::
Manchmal gewinnt der Bessere

(So werden wir Weltmeister!)
Die Physik des Fußballspiels

Piper-Verlag

Citations:
• Videos from

Nike, YouTube,
RTL, NDR, ZDF,
3Sat, SF1

• Internet:
www.fifa.com
www.dfg.de

• Database:
www.dasfussballstudio.de


