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http://www.youtube.com/watch?v=u1RtEQ6ly3Q&feature=related



Team talk – setting expectations

• Practical statistics

– Showing how a complex problem that can‟t be solved using 

traditional methods, can be solved using Monte Carlo methods

– Touching on Bayesian statistics, Monte Carlo methods

• Model development process

– Theoretical foundation

– Data & data problems

– Testing and refining a model – an iterative process

• Practical application in other areas of actuarial work

2
© 2010 The Actuarial Profession  www.actuaries.org.uk



Fixture List – a tale of two halves

Theory

• What could be in a model?

• What data could be used?

• Lessons learnt from the 

World Cup

– Article Written in The Actuary

– Compared to reality

• Half time – with half-time 

entertainment

Model in practice

• Model proposed

– Why and how?

– How would it have done in 

2009-2010? 

– How would it have done in 

2008-2009?

• Betting stats

• Actuarial lessons
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They say you should know your audience: Please 
clap or cheer when your team logo comes up
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http://www.premierleague.com/page/FixturesResults/0,,12306,00.html

http://www.premierleague.com/page/FixturesResults/0,,12306,00.html


After 100 matches so far this season, this is the 
points table:

• In 2007/8, Arsenal and Manchester 

United were leading, and while 

Manchester United went on to win, 

but both Arsenal and Chelsea had 

led the table later in the season

• In 2008/9, Chelsea and Liverpool 

were leading at this stage, and 

neither went on to win!

• In 2009/10, Chelsea was already 

leading by 2 points, although 

Manchester United was leading the 

table as late as 2/4/2010
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Betting on the leader at this stage of the season is not a sure bet!

http://news.bbc.co.uk/sport1/hi/football/eng_prem/default.stm

http://news.bbc.co.uk/sport1/hi/football/eng_prem/default.stm


Simplest prediction tool: The team leading is almost 
certainly the best team to bet on… 

But many things should be taken 

into account

– games in hand

– the opposition to come

– the injury list

– involvement in other 

competitions and 

– playing home or away

which all can influence the outcome
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Manchester United had more points than 

Chelsea on 24/4/2010, although Chelsea 

won the league by a point 16 days later!

Premier League Points Table 

for 6 leading teams (2009/10)



The points table leader (at this stage of the season) did not 
remain on top of the league until the end of the season
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In 2007/8 Manchester United remained on top of the table from 15/3/2008 onwards

In 2008/9 Manchester United remained on top of the table from 7/2/2009 onwards

Premier League Points Table 

for 6 leading teams (2007/8)

Premier League Points Table 

for 6 leading teams (2008/9)



Prediction

Future 
Fixtures = 
Simulation

Past 
Results = 

Data

Theory = 
Model

How does everything fit together?
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TEST 

THIS



What could be in a model to predict the season‟s 
league winner? Some ground rules…

(Simplifying) Assumptions

• Teams don‟t change over the 

season

• Results in other competitions do 

not affect the premier league 

outcome

• Each match is independent of 

each other

• Teams perform the same way 

independent of the competition

• No “bankruptcy” point penalties

Complications overlooked

• Players get traded, players get 

injured, or go into and out of 

form

• Players getting over-played by 

the end of the season due to 

success in other competitions

• Teams have streaks of form that 

affects their confidence

• Teams have derby‟s and 

particular rivalries
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remaining matches, and thus discern who will win



Why a Bayesian statistical approach? If we regard 
2010/11 results as the only relevant data then…

• At the start of the season we know 

nothing

– Every team has the same 

chance of winning

• As the season progresses we 

gather more data

– Goals scored and goals 

conceded by every team, home 

and away

• Our prediction needs to be 

continuously refined to fit the latest 

data
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http://uk.soccerway.com/national/england/premier-league/2010-2011/regular-season/matches/
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This model relies on teams being consistent.
Is this a valid assumption?

As we can see, in the 

2009/2010 season, there 

were some outliers

– Burley scored 40% of their 

seasons points in their first 

10 matches

– Everton scored 64% of 

their points in the second 

half of the season
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What about home advantage?



Home and Away: do we need to take this into 
account?

• Different for different teams?

• Home ground has bigger or smaller impact/difference?

• Which home fans are the best? Or is it teams not travelling 

well?
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We could estimate that just over 40% of goals are scored by the away team



Why are we using the Monte Carlo method? 

• The winner of the premier league will be the result of the 

remaining 280 matches

• Since each match can have one of three outcomes 

Win home + loss away

Draw

Loss home + Win away

modeling the rest of the season deterministically would result in 

3280 different possible outcomes being calculated – which is a 

number that has 133 digits!
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We know that the best answer should reflect our uncertainty, and the 

Monte Carlo method reflects this, generating as a result, a distribution 

of the relative likelihood of the  alternate outcomes

We can‟t solve the problem analytically! 



How can we set the model up to be run using the 
Monte Carlo method?

• Since the remaining matches all happen independently, we can 

model each independently

• Since each match has a home team and an away team we can 

reflect that too

• Since each team has played a series of matches, and has 

scored and conceded goals, we can model the probability of all 

possible results, where for instance the result 

Home scores H and Away scores A

can be reflected as
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P(Home=H and Away=A)=P(Home score H)P(Away concede H)P(Home concede A)P(Away score A)

All we need now is estimates of these probabilities… DATA 



Does it matter who plays who in each individual 
match?

Since our measure of how good the model is, is the likelihood 

estimate, and the likelihood estimate is of the following form:

it can be shown that the estimates are independent of who played 

who, but rather dependent on how many goals were scored or 

conceded by the home and away team each game:
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This may be counter intuitive, but reflects our underlying assumption that a 

team has a constant „average scoring rate‟ and „average conceding rate‟ –

which is constant across the season irrespective of the opposition



What do I mean by data?

Retrospective

• Past results

– Goals scored

– Goals conceded

– Who played

– Current league points 

Prospective

• Fixture list

– Home and away

– Playing against whom
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Clean the data, validate the data.

Luckily there are no reporting delays…

but one is almost immediately out of date…



So what is our data?

100 Matches completed

• We know where we‟ve been

280 matches to go

• We know where we‟re going
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http://uk.soccerway.com/national/england/premier-league/2010-2011/regular-season/matches/

http://news.bbc.co.uk/sport1/hi/football/eng_prem/table/default.stm

Usual actuarial checklist here: data capture
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The number of goals scored/conceded by a team can 
be fit using a Poisson distribution

• In the 2009/10 season, there 

were 20 teams, and with each 

playing everyone else twice, 

there were 380 matches

• In each match, two teams „scored 

goals‟ – making 760 data points, 

illustrated here

• A Poisson fits this distribution 

very well
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The goals scored and goals conceded results have been 
used to estimate a Poisson parameter for each team

• We are using a Poisson distribution assuming that 

the chance of scoring / conceding in a match some 

time in the future can be estimated using results 

from earlier in the season
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Distribution of Goals Scored Distribution of Goals Conceded



We are then able to model the outcome of a match 
using these goal “scoring” and “conceding” estimates

• A match coming up soon between Sunderland and Tottenham Hotspur can be 

modeled as follows

• Generate the goal scoring and goal conceding probabilities for each team based 

on it‟s record (in this case their involvement in the first 100 matches of the 

season)

• Randomly simulate the match and calculate the result
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• Use this to develop an estimate of the 

number of goals scored by Sunderland 

& conceded by Tottenham

• Use this to develop an estimate of 

the number of goals conceded by 

Sunderland & scored by Tottenham



We are then able to model the outcome of a match 
using these goal “scoring” and “conceding” estimates

• A match coming up soon between Sunderland and Tottenham Hotspur can be 

modeled as follows

• Generate the goal scoring and goal conceding probabilities for each team based 

on it‟s record (in this case their involvement in the first 100 matches of the season)

• Randomly simulate the match and calculate the result i.e. 

– 3 points for Sunderland and 0 for Tottenham

– 1 each, or 

– 3 for Tottenham and 0 for Sunderland
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• Use this to develop an estimate of the 

number of goals scored by Sunderland 

& conceded by Tottenham

• Use this to develop an estimate of 

the number of goals conceded by 

Sunderland & scored by Tottenham



Once you have a parameter set, what next? Runs and 
runs and runs and runs and runs and runs and runs…

• Now that we have agreed on the 

parameter set, we can „randomly simulate 

the results of the rest of the season‟

• We have done this 10,000 times
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This is a small number, but since there are an 

infinite number of possibilities… 

As an aside, the actual likelihood for our 

best set of parameters (which is the best 

estimate for the model we have developed, 

or the maximum likelihood estimate of the 

parameters) can be used to show that the 

score lines so far this season have about a 1 

in 10-225 probability of having occurred



Testing the model – sometimes the model answer 
isn‟t what you expect!
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Just because you have a good looking 

model, doesn‟t mean you have the answer!

http://www.youtube.com/watch?v=WALIARHHLII&feature=related



Predictions are difficult things to make… it‟s easy to 
make a blooper…
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http://news.bbc.co.uk/sport1/hi/football/eng_prem/9033272.stm

http://news.bbc.co.uk/sport1/hi/football/eng_prem/9033272.stm


Half Time Entertainment: Clip of some great goals 
from the premier league season so far
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http://www.youtube.com/watch?v=7fzxvSMdw3E



Lessons Learnt from the 2010 World Cup Prediction 
Model: retrospective data, prospective gamblers
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http://db.riskwaters.com/global/actuary/digital/Actuary_0610%20BeckerKainth.pdf

Betfair was better than Frontier Economic, Goldman or JP Morgan!

http://worldcupeconomics.blogspot.com/

http://db.riskwaters.com/global/actuary/digital/Actuary_0610 BeckerKainth.pdf
http://worldcupeconomics.blogspot.com/
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There is only downside potential… unless you cover 
your bets…

Paul has shown that some things are still certain though…



Analysis by David Forrest and Robert Simmons into 
tipsters, betting odds and statistical models shows…

• Statistical models do better 

than tipsters

• Combining tipster estimates 

can be better than using an 

individual tipster

• Betting odds are the best –

maybe because the bookies 

pay the biggest salaries?
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But they conclude that the betting 

exchanges involve people working with 

more complex models and more data –

so don‟t bet against them!

Forrest D, Simmons R 2006 “Read all about it” RSS 

Significance p151-153 Volume 3 Issue 1 March 2006



John Goddard has looked at „streaks‟,„firing a manager‟, 
„fighting for survival‟, the effect of „playing in Europe‟…

• Winning teams keep on winning

– Confidence?

• Firing a manager doesn‟t seem to help a team if 

one controls for „mean reversion‟

• Home advantage has an effect, and while it has 

been decreasing over the most recent 35 seasons, 

the home ground advantage is larger when the 

away team has to travel further

• Relegation threatened teams “fighting for survival” 

are more likely to beat their mid-table rivals at the 

end of the season than before

• The “playing in Europe” effect has not been shown 

to be a hindrance, although it has been for some 

top teams
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Goddard J 2006 “Who wins the football” RSS 

Significance p16-19 Volume 3 Issue 1 March 2006



David Spiegelhalter and Yin-Lam Ng have shown that 
statistical models can outperform sports commentators

• They modelled a single 

round of matches

• Their model had similarities

– They also used a Poisson 

approach to estimate „number 

of goals scored/conceded‟

– They also looked at a result 

as being a combination of 

scoring/conceding

– They developed a way for 

teams to interact
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Spiegelhalter D, Ng Y-L 2009 “One match to go” - RSS 

Significance p151-153 Volume 6 Issue 4 December 2009

Finally, we get to the model predictions!



The slide you have been waiting for:
The darker, the more likely the team will win (2010-11)
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http://www.premierleague.com/page/FixturesResults/0,,12306,00.html http://www.abc.net.au/sport/stories/2010/08/11/2979870.htm

http://www.premierleague.com/page/FixturesResults/0,,12306,00.html
http://www.abc.net.au/sport/stories/2010/08/11/2979870.htm


The 2009-10 predictions after 100 games predicted 
that Chelsea was the most likely team to win
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The model predicts that Chelsea is the most likely team to win – and they did!



The predictions at this stage of the 2008-2009 
season had Chelsea as likely winners
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Both Chelsea and Liverpool were in a better position.

Manchester United was forecast to win with a 4% probability, 

and finish in the top 3 more than 2 out of 3 times
http://tkey.co.uk/man-united-premier-league-champions-200809 http://www.premierleague.com/page/FixturesResults/0,,12306,00.html http://www.abc.net.au/sport/stories/2010/08/11/2979870.htm
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This season, the premier league winner is getting 
almost as much press as the relegation zone

2008/2009

• Who was relegated? (Estimated 

probability of going down at this stage of the 

season in brackets)

– Middlesborough (14%)

– Newcastle United (32%)

– West Bromwich Albion (54%)

• Who was predicted to be 

relegated after 100 games?

– The model predicted that 

many teams had a good 

chance of going down
34
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How good is the model at predicting the teams to be relegated at this stage of the season?

– The three that did, were all in 

the 8 most likely to go down



This season, the premier league winner is getting 
almost as much press as the relegation zone

2009/2010

• Who was relegated? (Estimated 

probability of going down at this stage of the 

season in brackets)

– Burnley (40%)

– Hull (87%)

– Portsmouth (48%)

• Who was predicted to be 

relegated after 100 games?

– The three forecast to have 

the greatest probability of 

going down, went down!
35
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How good is the model at predicting the teams to be relegated at this stage of the season?

So the model worked very well for the last 

season, but not so well for the one before.  

How about 2010/11?



Who is forecast to get relegated?
Something beginning with… W

2010-11

• Who is being predicted to be 

relegated?

– West  Ham United (91%)

– Wigan Athletic (79%)

– Wolverhampton 

Wanderers (39%)
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http://www.premierleague.com/page/FixturesResults/0,,12306,00.html http://www.abc.net.au/sport/stories/2010/08/11/2979870.htm

http://www.premierleague.com/page/FixturesResults/0,,12306,00.html
http://www.abc.net.au/sport/stories/2010/08/11/2979870.htm


Interestingly, the betting stats agree – the three W‟s 
are in trouble!
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http://www.statto.com/football/odds/england/premier-league/relegation

http://www.statto.com/football/odds/england/premier-league/relegation
http://www.statto.com/football/odds/england/premier-league/relegation
http://www.statto.com/football/odds/england/premier-league/relegation


Betting odds have Chelsea as the 2010/11 favourite – with 
the odd‟s reflecting a 63-69% chance of winning the league
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• Manchester United is 

second most likely to win, 

and Arsenal third

• Our model has the same 

top 3, but reflects a belief 

that Arsenal has a better 

chance of finishing top

• The odds reflected by the 

betting stats are far less 

supportive of a Chelsea 

victory than our model
Are those betting taking into account more 

factors?  Are those betting less rational?
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The odds are 

continuously changing
http://www.betfair.com



Bringing it back to our day jobs…

• Be aware of your model limitations

• Just because it works for the past – doesn‟t 

mean it‟ll work for the future

• The known unknowns, and the unknown 

unknowns

– Otherwise, someone could get injured?

• Model predictions should be interpreted using 

actuarial judgement

40

Is the efficient market 

hypothesis strong or weak?



Questions or comments? (No curve balls please…)

Expressions of individual views by members of 

The Actuarial Profession and its staff are 

encouraged.

The views expressed in this presentation are 

those of the presenter.
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http://www.youtube.com/watch?v=aC-f9IL7aA4&feature=related


