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1 Abstract 

This paper will explore how accurately the Poisson distribution can help model and predict outcomes 
of football matches including clean sheets, the number of goals scored and the overall result. The set of 
English Premier League fixtures being predicted will be taking place on the weekend of the 1st and 2nd 
February 2020, using data from the start of the season up to the 24th game week. The probabilities will 
then be used to aid a low risk betting technique which will be tested by placing hypothetical £100 
wagers on the various outcomes of matches that the Poisson model has indicated will happen. The 
factors taken into deliberation when investigating into this topic include home and away form while 
considering attacking and defensive strengths of each individual team. 

2 Introduction 

The English Premier League is often given the title of being the most unpredictable (1) and exciting 
football league in Europe. ‘Surprising’ results happen regularly where teams positioned near the bottom 
of the league table end up beating teams in the top half of the table, which rarely happens in other top 
leagues across the continent (2). However, in the last four years the Premier League has seen Chelsea 
embark on a 13-game winning streak (3), Manchester City go on an 18-match win streak (4) and 
Liverpool reach 20 consecutive home wins (5). These lengthy winning streaks have made people 
question the unpredictability of the league. This paper will consolidate these growing views by seeing 
how outcomes of matches in the league can be determined using a Poisson distribution model by 
factoring in a team’s attacking and defensive strength both home and away. Through analysis of the 
probabilities that the Poisson model provides, a smart and risk-free betting technique will be described 
and applied to a set of fixtures of match week 25 of the Premier League. 

3 The Poisson Distribution 

The Poisson distribution is a discrete probability distribution which gives the probability of events 
happening in a fixed time period, given the average number of times the event occurs over the said time 
period (6). In the case of this paper, the average number of times an event occurs is given by the average 
amount of goals a team scores per game and the time period is given by the length of a football match 
i.e. 90 minutes.  

Theoretically, the applicability of a Poisson distribution holds for football if one assumes that the 
probability of a goal being scored happens independently of the time since the last goal. This model 
will assume that the number of goals scored are independent random variables that are Poisson 
distributed. From this assumption, the model used to predict the result of matches will be a bivariate 
Poisson distribution. 

The Poisson probability mass function of a discrete random variable is given by: 

𝒇(𝒙, µ) = 𝑷(𝑿 = 𝒙) =
𝒆ష𝝁µ𝒙

𝒙!
 (I) 

where 𝝁 is the average number of events per time period. In this case it is the expected number of goals 
for each team per match. 
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𝒙 is the number of times an event occurs. This is the number of goals being scored by a team in a match 
i.e. 𝑥 = 0,1,2, … 

𝒆 is Euler’s number. 

The bivariate Poisson probability mass function of two independent discrete random variables is given 
by: 

𝑷(𝑿 = 𝒙) × 𝑷(𝒀 = 𝒚) =
𝒆ష𝝁µ𝒙

𝒙!
×

𝒆ష𝝀𝝀𝒚

𝒚!
 (II) 

𝝁 is the average of the number of events H, per time period. In this case it is the home team’s expected 
goals.  

𝒙 is the number of times event H, occurs. This is the number of goals being scored by the home team 
in a match i.e. 𝑥 = 0,1,2, … 

𝝀 is the average of the number of events A, per time period. In this case it is the away team’s expected 
goals.   

𝒚 is the number of times event A, occurs. This is the number of goals being scored by the away team in 
a match i.e. 𝑦 = 0,1,2, … 

Simple Poisson Example 

If Liverpool are expected to score 2 goals a game, calculate the probability that they will score 3 goals 
in a match. 

Using (I), 

𝝁 = 𝟐,  𝒙 = 𝟑 

𝒇(𝟑, 𝟐) = 𝑷(𝑿 = 𝟑) =
𝒆ష𝟐∙𝟐𝟑

𝟑!
= 𝟎. 𝟏𝟖𝟎𝟒 (to 4 decimal places) 

There is an 18.04% chance that Liverpool will score 3 goals. 

This is a very basic example. This paper will delve into more complex calculations where the expected 
number of goals depend on a multitude of factors which will be further expanded on. 

Simple Bivariate Poisson Example 

To work out the probability of Bournemouth vs Aston Villa being 2-1, when given their respective 
expected goals, simply multiply Bournemouth’s probability mass function by Aston Villa’s probability 
mass function to form a bivariate Poisson mass function. 

Using (II), 

𝝁 = Bournemouth’s expected goals = 1.4648, 

𝒙 = 2 

𝝀 = Aston Villa’s expected goals = 1.4469, 

𝒚 = 1 

𝑷(𝑿 = 𝟐) × 𝑷(𝒀 = 𝟏) =
𝒆ష𝟏.𝟒𝟔𝟒𝟖∙𝟏.𝟒𝟔𝟒𝟖𝟐

𝟐!
×

𝒆ష𝟏.𝟒𝟒𝟔𝟗∙𝟏.𝟒𝟒𝟔𝟗𝟐

𝟏!
= 𝟎. 𝟎𝟖𝟒𝟒  (to 4 decimal places) 

The calculation shows that there is an 8.44% chance that the score will be 2-1. 
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The applicability of the Poisson model to the Premier League, and football leagues in general, can be 
tested by gathering historical results comparing the observed number of goals scored to the expected 
number of goals scored, both home and away. This is performed using data from twenty-two European 
leagues in the 2015/16 season. The expected number of goals scored is taken to be the average number 
of goals scored per match, worked out separately for both home and away. When putting the expected 
values into the Poisson formula (I) we gather the following statistics (7): 

 

Table 1 

 

 

Figure 1 
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Table 2 

 

 

Figure 2 

  

Figures 1 and 2 show that the Poisson distribution fits the observed data to a good level of accuracy  
as the observed frequency of the number of goals being scored in matches was not far from the 
Poisson predictions. This is remarkable especially when you take into account the vast number of 
factors that effect football matches. After seeing this relationship between the observed and Poisson 
frequencies, it is reasonable to use the Poisson model to predict outcomes of the Premier League 
fixtures being explored in this paper.  
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4 Initial Data 

The end goal is to be able to find the expected value of goals scored by each team in the Premier League 
over 90 minutes which will then be used in the calculation of probabilities of all possible score lines for 
a set of fixtures. The first step towards this is to compile two tables of data for the 2019/20 Premier 
League season, the first showing home statistics and the second showing away statistics. Splitting the 
data into two tables will allow for the accounting of both home and away bias as some team’s 
performances may vary depending on where they play. An example of this is Southampton performing 
noticeably better when they are the away side in comparison to when they are at home, with 38.47% 
more goals scored on average when playing away compared to at home. On the other hand, the effect 
of home advantage can also be very large for some teams. This is shown by Manchester United having 
double the amount of goals at home on average compared to playing away. After looking into the cases 
of Southampton and Manchester United, it is advisable to take both home and away performances into 
consideration. This is further highlighted in Richard Pollard’s 2008 paper, ‘Home advantage in football’ 
where the effect of playing at home and away has been investigated (8). 

The statistics in the two tables below include the amount of games played, the total goals scored, the 
average number of goals scored per match, the total number of goals conceded, and the average number 
of goals conceded per match for each team in the English Premier League. The data is accurate up until 
the time just prior to the commencement of the 25th match week (9). Table 3 shows the data for home 
matches while Table 4 shows the data for away matches. 

Table 3 
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Table 4 

 

The Premier League’s average for goals scored per match and goals conceded per match are calculated 
using the following formulas: 

𝐋𝐞𝐚𝐠𝐮𝐞 𝐌𝐞𝐚𝐧 𝐆𝐨𝐚𝐥𝐬 𝐏𝐞𝐫 𝐆𝐚𝐦𝐞 =
∑ 𝐆𝐨𝐚𝐥𝐬 𝐒𝐜𝐨𝐫𝐞𝐝

∑ 𝐆𝐚𝐦𝐞𝐬 𝐏𝐥𝐚𝐲𝐞𝐝
 (III) 

 

𝐋𝐞𝐚𝐠𝐮𝐞 𝐌𝐞𝐚𝐧 𝐆𝐨𝐚𝐥𝐬 𝐂𝐨𝐧𝐜𝐞𝐝𝐞𝐝 𝐏𝐞𝐫 𝐆𝐚𝐦𝐞 =
∑ 𝐆𝐨𝐚𝐥𝐬 𝐂𝐨𝐧𝐜𝐞𝐝𝐞𝐝

∑ 𝐆𝐚𝐦𝐞𝐬 𝐏𝐥𝐚𝐲𝐞𝐝
    (IV) 

 

Table 3 and 4 show the Premier League’s mean goals scored per game is 1.4792 at home and 1.2958 
away while the League’s mean goals conceded per game is 1.2958 at home and 1.4792 away. These 
values will be useful in later calculations for the expected goals scored by a team.  

The next step is to calculate each team’s offensive and defensive strength using the following formulas: 

 

𝐎𝐟𝐟𝐞𝐧𝐬𝐢𝐯𝐞 𝐒𝐭𝐫𝐞𝐧𝐠𝐭𝐡 =
𝐓𝐞𝐚𝐦’𝐬 𝐚𝐯𝐞𝐫𝐚𝐠𝐞 𝐠𝐨𝐚𝐥𝐬 𝐬𝐜𝐨𝐫𝐞𝐝 𝐩𝐞𝐫 𝐠𝐚𝐦𝐞

𝐎𝐯𝐞𝐫𝐚𝐥𝐥 𝐥𝐞𝐚𝐠𝐮𝐞 𝐚𝐯𝐞𝐫𝐚𝐠𝐞 𝐠𝐨𝐚𝐥𝐬 𝐬𝐜𝐨𝐫𝐞𝐝 𝐩𝐞𝐫 𝐠𝐚𝐦𝐞
     (V) 

 

𝐃𝐞𝐟𝐞𝐧𝐬𝐢𝐯𝐞 𝐒𝐭𝐫𝐞𝐧𝐠𝐭𝐡 =
𝐓𝐞𝐚𝐦’𝐬 𝐚𝐯𝐞𝐫𝐚𝐠𝐞 𝐠𝐨𝐚𝐥𝐬 𝐜𝐨𝐧𝐜𝐞𝐝𝐞𝐝 𝐩𝐞𝐫 𝐠𝐚𝐦𝐞

𝐎𝐯𝐞𝐫𝐚𝐥𝐥 𝐥𝐞𝐚𝐠𝐮𝐞 𝐚𝐯𝐞𝐫𝐚𝐠𝐞 𝐠𝐨𝐚𝐥𝐬 𝐜𝐨𝐧𝐜𝐞𝐝𝐞𝐝 𝐩𝐞𝐫 𝐠𝐚𝐦𝐞
 (VI) 

 

The offensive strength is an indication of a team’s attacking strength compared to the average of the 
league. An example is Liverpool having an offensive strength of 1.7465 at home. This denotes that 
Liverpool scores 74.65% more goals than the average of the league at home. This logic can be applied 
to the defensive strength of a team, however, the smaller the value, the better the team is defensively. 
Liverpool have a home defensive strength of 0.5788. This tells us that Liverpool have a defence that is 
42.12% better than the league’s home average. These calculations are applied to all teams in the league, 
both home and away. The offensive and defensive strengths are outlined in the following tables: 
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Table 5 

 

Table 6 

 

Using these tables, the expected value of goals scored by the home and away team can be calculated for 
the following fixtures taking place on the weekend of the 1st and 2nd February 2020 (10): 

Leicester City vs Chelsea 

Bournemouth vs Aston Villa 

Crystal Palace vs Sheffield United 

Liverpool vs Southampton 

Newcastle United vs Norwich City 
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Watford vs Everton 

West Ham United vs Brighton 

Manchester United vs Wolves 

Burnley vs Arsenal 

Tottenham Hotspur vs Manchester City 

The expected value of goals scored by a team must reflect the attacking strength of that team’s attack 
while also considering the defensive prowess of the opposition. For this reason, the following equations 
are used to calculate goal expectations: 

𝐇𝐨𝐦𝐞 𝐭𝐞𝐚𝐦 𝐞𝐱𝐩𝐞𝐜𝐭𝐞𝐝 𝐠𝐨𝐚𝐥𝐬 = 𝐇𝐨𝐦𝐞 𝐨𝐟𝐟𝐞𝐧𝐬𝐢𝐯𝐞 𝐬𝐭𝐫𝐞𝐧𝐠𝐭𝐡 × 𝐀𝐰𝐚𝐲 𝐝𝐞𝐟𝐞𝐧𝐬𝐢𝐯𝐞 𝐬𝐭𝐫𝐞𝐧𝐠𝐭𝐡 ×

𝐀𝐯𝐞𝐫𝐚𝐠𝐞 𝐡𝐨𝐦𝐞 𝐠𝐨𝐚𝐥𝐬 (VII) 

𝐀𝐰𝐚𝐲 𝐭𝐞𝐚𝐦 𝐞𝐱𝐩𝐞𝐜𝐭𝐞𝐝 𝐠𝐨𝐚𝐥𝐬 = 𝐀𝐰𝐚𝐲 𝐨𝐟𝐟𝐞𝐧𝐬𝐢𝐯𝐞 𝐬𝐭𝐫𝐞𝐧𝐠𝐭𝐡 × 𝐇𝐨𝐦𝐞 𝐝𝐞𝐟𝐞𝐧𝐬𝐢𝐯𝐞 𝐬𝐭𝐫𝐞𝐧𝐠𝐭𝐡 ×

𝐀𝐯𝐞𝐫𝐚𝐠𝐞 𝐚𝐰𝐚𝐲 𝐠𝐨𝐚𝐥𝐬 (VIII) 

In the Leicester City vs Chelsea game, to work out the expected goals scored by the home team, 
Leicester City, their home offensive strength of 1.3521 is used, as well as Chelsea’s defensive strength 
of 1.1268 and the league’s average number of home goals per game which is 1.4792. By multiplying 
these variables together, Leicester’s home expected goals is calculated to be 2.2535. When working out 
the expected goals scored by Chelsea, the away team, we obtain 1.6077 × 0.7717 × 1.2958 = 1.6077 
goals.  

The full set of expected goals are shown in Table 7. 

Table 7 

 

The next step is where the Poisson distribution is utilized. The probabilities of all possible results can 
be calculated by multiplying the Poisson probability mass function for the home and away team together 
to form a bivariate Poisson model. The expected values, 𝝁 and 𝝀, are to be used in the bivariate Poisson 
formula to work out a range of probabilities for different events occurring. 

Example 

To work out the probability of Leicester City vs Chelsea ending 2-2, use the bivariate Poisson formula 
(2). 

Let: 

𝝁 = Leicester City’s expected goals = 2.2535,  

𝒙 = 2 

𝝀 = Chelsea’s expected goals = 1.6077 
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𝒚 = 2 

𝑷(𝑿 = 𝟐) × 𝑷(𝒀 = 𝟐) =
𝒆ି𝟐.𝟐𝟓𝟑𝟓 ∙ 𝟐. 𝟐𝟓𝟑𝟓𝟐

𝟐!
×

𝒆ି𝟏.𝟔𝟎𝟕𝟕 ∙ 𝟏. 𝟔𝟎𝟕𝟕𝟐

𝟐!
= 𝟎. 𝟎𝟔𝟗𝟏 

Using bivariate Poisson, it is calculated that there is a 6.91% chance that the score will be 2-2. This 
formula can be applied to find the probability of any score line, however, in the Premier League the 
record for most goals scored in a game by one team is 9, so the probability of any score line involving 
more than 9 goals by one team was discarded. Furthermore, the probability of a team scoring more than 
9 goals in a football match is so small that it is negligible. The full set of probabilities of all possible 
scores between 0 to 9 goals are shown below as percentages. 

Table 8 

 

Table 9 

 

Table 10 

  

Table 11 
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Table 12 

  

Table 13 

  

Table 14 

 

Table 15 

 

Table 16 
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Table 17 

 

 

5 Data Analysis 

From the tables above, a wide range of statistics can be analysed. For example, to calculate the 
probability of the home team winning, one can just add up all the probabilities of winning results by the 
home team. The same method can be applied to calculate the chance of the away team winning or to 
calculate the likelihood of a draw. Calculating the probability of a specific total number of goals to be 
scored in a match can also be easily worked out by adding the probabilities of score lines that sum up 
to the specific goal totals that are being looked for. For example, to work out the probability of 2 goals 
being scored in a match, one would add up the probabilities of 2-0, 0-2 and 1-1. Another key probability 
to look for in these tables is the chance of a clean sheet which is worked out by adding the probabilities 
of scores in which there are no goals scored by either team. These are just a few of the many statistics 
that can be gathered from these tables. 

The chances of a home win, away win, and draw are shown in the table and figure below: 

Table 18 
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Figure 3 

 

Out of the ten fixtures, the home team is the favourite on seven occasions, however for some matches 
the difference is very small, for example, in the Bournemouth vs Aston Villa match there is less than a 
1% chance splitting a win for either team. The only match where a draw is the most likely outcome is 
in the match between Crystal Palace and Sheffield United. 

In the next part of the paper the actual results of these fixtures will be compared to the gathered 
probabilities. 

Match Day 25 Results (11) 

Leicester City 2 - 2 Chelsea 

Bournemouth 2 - 1 Aston Villa * 

Crystal Palace 0 – 1 Sheffield United ** 

Liverpool 4 - 0 Southampton * 

Newcastle United 0 - 0 Norwich City ** 

Watford 2 - 3 Everton ** 

West Ham United 3 - 3 Brighton  

Manchester United 0 - 0 Wolves 

Burnley 0 - 0 Arsenal 

 Tottenham Hotspur 2 - 0 Manchester City **  

* means that the probability model correctly predicted the winner. 

** means that the second most likely outcome occurred.  

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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Bournemouth vs Aston Villa
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Only two results of matches were correctly predicted, although another four outcomes occurred which 
were said to be the second most likely result. From this, it may be look like the model being used does 
not fit the Premier League but if one looks at the data a lot closer, it will be noticeable that the 
probabilities of all possible results, shown in Tables 8 to 17, similarly match the final outcomes of the 
fixtures. This will be explained when each match is analysed individually. 

From the probabilities of all possible results, a simple betting technique can be applied where one looks 
at the top five most likely results. Then by looking at outcomes that occur in at least four of the five 
results, bets should be placed accordingly. 

Outcomes that can be bet on are as follows: 

 The winning team 
 Over/Under a specified number of goals in a match 
 Clean sheets 

If, for example, four of the top five highest probability outcomes all had 2 or more goals involved in 
the match, it would be advisable to place a bet on there being more than 1.5 goals scored. If there are 
two or more outcomes that appear in at least four out of the top five most likely probabilities, the 
outcome that yields the most money should be bet on to maximise profits. 

The betting odds will be fractional odds taken from an average of twenty-one UK bookmakers (12) 
therefore winnings from bets will be average winnings from these twenty-one bookmakers. Fractional 
odds are commonly written with a slash, for example, 7/1. A fractional listing of 7/1 odds mean that 
you win £7 for every £1 you wager in addition to receiving back the amount you wagered. If you stake 
£100 at 7/1, you get a total return of £800 (£700 profit + £100 stake). 

The winnings made will be based on bets of £100. 

Each match will be analysed individually below, and the five highest probability events will be tabled 
below with the actual result being highlighted where applicable. 

Leicester City vs Chelsea 

Table 19 

 

The result of this match was 2-2. According to Table 18 a draw was the least likely outcome at 20.14% 
however when looking at Table 19 this exact result had a 6.91% chance which turned out to be the third 
most likely result out of all possible score-lines. The probability of both teams scoring was calculated 
to be 71.56%. Both teams scoring occurred in all top five most likely results so it would be advisable 
to bet on this outcome. The betting odds for this were given to be 3/5 so a £100 bet would yield a profit 
of £60. When looking at the top five most likely results in Table 19, one can see that they all involve at 
least 2 goals so a bet could be placed on there being over 1.5 goals scored in the match. The odds were 
1/4 for this event which would have generated £24 in profit. Due to the bet on ‘both teams scoring’ 
giving a larger profit, this is the advised bet rather than on ‘over 1.5 goals being scored’. Aside from 
the advised bet, the probability of 4 goals being scored in this match was 19.49% which is relatively 
likely when you see that the third and fourth most likely results involved four goals. A risky bet on over 
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3.5 goals being scored in the match would have given a profit of £191 at the given average odds of 
191/100. The fact that the probabilities calculated were able to be used successfully for betting provides 
reasonable evidence to believe that the Premier League can be modelled by the Poisson distribution. 

Bournemouth vs Aston Villa 

Table 20 

 

The home side was the favourite to win over Aston Villa despite the probabilities being very close. This 
showed in the match with Bournemouth winning 2-1. Betting on a Bournemouth win would have 
produced £117 profit at odds of 5/2. As stated in Table 20, the 2-1 result had an 8.44% chance of 
happening which was the second most probable result. The probability of both teams scoring was 
58.80% which again highlights how accurate this model is as this event took place. The top five likely 
results, as seen in Table 20, all show that there will be 3 or less goals. They also show that there will be 
at least 1 goal. However, the most advisable bet would be to place it on there being less than 3.5 goals 
as it would yield a larger profit than betting on over 0.5 goals. At 3/1 odds, a £100 bet would have 
generated £30 as profit.  

Crystal Palace vs Sheffield United 

Table 21 

 

Table 18 shows that a draw was the most likely outcome, having a likelihood of 39.06%. Moreover, the 
most likely result was a goalless draw with a chance of 26.31%. The game finished 1-0 to the away 
team which happened to be the second most likely result with Table 21 telling us that there was a 
20.31% chance of this taking place. Not only this but the probability of there being 1 goal or less in the 
match was 61.44%. This indicates that once again it is sensible to use the Poisson model to predict 
Premier League matches. By looking at the top five probabilities, one can predict that the number of 
goals scored in the match will be low. All bar one of the results in the top five involved 1 or more goals 
but less than 3 goals. Hence the advised bet should be on there being less than 2.5 goals being scored. 
With odds of 4/9, a profit of £45 would be yielded which is greater than if the bet was on more than 0.5 
goals being scored. The top three likely outcomes involve 1 goal or less so a bet on there being less than 
1.5 goals at odds of 10/3 would have given a huge gain of £143. 

 

 

 



MA3517 Mathematics Research Journal  15 © Rakesh Raval, 2020 
 

Liverpool vs Southampton 

Table 22 

 

Liverpool were strong favourites for this matchup with Table 18 displaying a huge 64.53% chance of 
victory. This probability proved to be highly accurate. The home side coasted to a 4-0 victory; despite 
the win, the chance of this exact result only had a probability of 3.93% as shown in Table 11. Liverpool 
scoring 4 goals may have been difficult to predict, however, the team not conceding a goal was much 
easier to predict with it being given a 41.97% likelihood of occurring according to Table 11 which was 
a very strong chance. Betting on a Liverpool clean sheet would provide £115 in profit given odds of 
15/13. Despite the clean sheet being very likely, the most riskless betting option would have been on a 
Liverpool win as four of the five most likely events involved a win for the home side. Odds were given 
to be 3/10 which would have yielded profit of £30. 

Newcastle United vs Norwich City 

Table 23 

 

This match was a scoreless draw which was a highly likely result having a probability of 19.69% shown 
in Table 12. This result was the second most likely outcome. Newcastle were heavily predicted not to 
concede a goal with a chance of them keeping a clean sheet at 67.99% which would have been a very 
safe bet. The chance of either side keeping a clean sheet was extremely large at 77.26% which again 
justifies this model being used as this event happened. From this statistic it would not be advisable to 
bet on there being more than 0.5 goals despite four of the five most likely results involving at least 1 
goal. When looking at what bets to place on, one can see that all five most likely results involved 2 or 
less goals. So, a bet on less than 2.5 goals is advised which would have provided a profit of £75 with 
odds of 3/4. Odds of 20/9 on there being less than 1.5 goals would have given a profit of £222. 
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Watford vs Everton 

Table 24 

 

The result of this game was 3-2 to Everton which was not predicted by the model. There was only a 
1.21% chance of this occurring, however the probability of either side scoring 2 or 3 goals was 52.33%, 
which is another strong indication that the model can be used to predict events other than the final score. 
Betting techniques used previously would not have produced winnings in this match as the bet that 
would have been advised would have been on under 2.5 goals being scored as all top five likely results 
involved less than 2 goals.  

West Ham United vs Brighton 

Table 25 

 

This game ended 3-3. A draw was given a probability of 23.95% but the precise score line of the game 
ending 3-3 was not anticipated. The model could not predict this; therefore, it may be a ‘fluke’ result as 
the probability of this occurring was only 4.91%. Hence, betting on this match would not have led to a 
profit.  

Manchester United vs Wolverhampton Wanderers 

Table 26 

 

Manchester United and Wolverhampton played out to a scoreless draw which had 6.18% chance of 
happening. Looking at Table 15, this was the seventh most probable result, however there was only a 
difference of 0.58% from the fifth most likely result which is evidence for this probability model 
providing an insight on how the match turned out. Even though the top five highest likelihood score 
lines did not contain the final result of the game, the betting techniques used previously can still be 
applied. The top five likely results pointed to there being at least 1 goal but there being less than 3 goals. 
The bet that would have yielded the most profit out of ‘less than 2.5 goals’ or ‘more than 0.5 goals’ 
would be the former. At odds of 2/3, £60 would have been won.  
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Burnley vs Arsenal 

Table 27 

 

This fixture finished at 0-0 which was the fifth most likely result, having a 7.79% chance of occurring. 
There was a 55.97% chance of at least one of the two sides keeping a clean sheet, so this result does not 
come as a shock. Surprisingly, despite the Poisson model showing a high chance that there would be a 
low amount of goals, more specifically under 3 goals, bookmakers gave odds of 1/1 on there being 
under 2.5 goals. This successful bet would have doubled the £100. 

Tottenham Hotspur vs Manchester City 

Table 28 

 

The game ended 2-0 to the home side. This was a result that the model did not predict as well as the 
others. This is partly due to the fact that Tottenham Hotspur changed their head coach midway through 
the season (13). This new head coach has changed the way Tottenham play to a more defensive 
approach which would mean that their defensive strength would have increased, thus Manchester City’s 
expected goals in this fixture would be lower (14). These changes would have most likely increased the 
probability of the result being 2-0 to Tottenham Hotspur. 

When adding up the money made and lost from the advised bets, the total amount is a profit of £100, 
showing that this betting technique is great way to make money at a low risk of losing. 

6 Conclusion and Limitations 

The model explained in this paper helps to provide predictions of Premier League matches using the 
bivariate Poisson distribution model to a great degree of accuracy. This was shown by calculating the 
chance of every possible score line on matchday 25 where it is seen that out of the ten matches that took 
place, four of those had a final result that was in the top three most likely predicted outcomes, while a 
fifth match had a score that was the fifth most likely result. This is strong evidence of a successful 
prediction model when considering the large number of possible final scores that could play out. Even 
where the result is not correctly predicted, the model is able to forecast other occurrences in matches 
on many occasions, for example, the probability of keeping clean sheets or the likelihood of scoring 
more/less than a specified number of goals. This was illustrated when the model hinted strongly at a 
clean sheet in the match between Newcastle United and Norwich City. These hints turned out to be 
precise with the game finishing 0-0. This is just one of the many instances of the Poisson based model’s 
indications turning out to be correct. 
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Where results are unable to be predicted, as seen in the Tottenham Hotspur vs Manchester City and 
West Ham United vs Brighton & Hove Albion matches, there is a common theme being the changing 
of managers mid-way through the season. Tottenham Hotspur’s appointment of a new head coach 
during the season has caused an alteration to their style of play. This in turn proved influential in the 
improvement of the team’s defensive strength thus reducing the expected goals of their opponent. 
Therefore, the model was unable to predict the 2-0 win for the home side that ultimately transpired. 
West Ham United also had a change of coaching personnel (15). The new coach had a win percentage 
of 25.4% in his previous three jobs which is rather poor (16). Despite West Ham being the most likely 
victors according to the model, they ended up drawing. This may largely be in part to the new coach 
lacking quality. Having a coach with a significantly large loss ratio translates poorly to the organisation 
of the side, implying that defensively, the team would be weaker. Hence the true expected value of 
goals scored by the opposition would be greater than what was calculated. This partially explains why 
the 3-3 draw was not anticipated. 

Another limitation of this model is that it does not reflect the effect of having key first team squad 
members being ruled out of matches due to being injured or suspended. Manchester City were without 
one of their key defenders resulting in a weaker defence (17). This would boost Tottenham Hotspur’s 
chances of scoring goals thus in reality the true expected value of their goals scored would have 
increased. Due to this the probability of Tottenham winning 2-0 would have been larger than what was 
previously determined. 

The Premier League has a transfer window in January where players can be purchased and sold. An 
injection of quality via new signings can dramatically improve a team’s performances. Teams may be 
struggling prior to January but once new players arrive during the window, they can see an upturn in 
results. A team’s improvement in defensive or offensive strength would not be able to be accounted for 
with the model in its current format. When teams sell key players, a downturn in results can be expected 
however the model would not be able to consider this when computing probabilities. 

The final limitation of this model is that it can only be used to forecast outcomes of football matches 
taking place between teams in the same league. If this model was to be used for predicting a match 
between two teams from separate leagues, the data for each team would come from two different 
samples which would not give accurate predictions due to the differences in skill levels between 
leagues. The model should not be used close to the start of the season as there are not enough matches 
played and thus not enough data to calculate probabilities to a reasonable degree of accuracy. Experts 
say that the Premier League table starts to take shape around the Christmas period (18). From this point 
onwards it is advisable to use this model otherwise the probabilities will not be reliable to use for 
predictions.  

Despite its limitations, the Poisson model helped to serve as a strong basis to aid betting. In seven of 
the ten matches a profit was made when placing £100 on various outcomes. If £100 was placed on all 
matches on outcomes chosen using the betting technique described in this paper, a total profit of £100 
would have been made. This is strong enough evidence to show that through analysis of the bivariate 
Poisson distribution probabilities, a low risk betting strategy can be employed to yield winnings. Even 
when the final score of matches is not in the top five most likely results, the betting technique can still 
be implemented to produce a profit. This is what happened in the Manchester United vs Wolverhampton 
match. This is yet more evidence for the Poisson model being able to provide insights on football match 
outcomes. 

After finding that the probabilities of different results closely fit in with the final scores of the football 
matches on the 25th game week of the Premier League, there is enough evidence to show that the Premier 
League can be modelled by a Poisson distribution to an accurate degree and from this, a low risk betting 
strategy can be applied. Football, like many things in the world, can be predicted and explained by 
mathematics. The skills used in this paper are easy to transfer to other events that are Poisson processes 



MA3517 Mathematics Research Journal  19 © Rakesh Raval, 2020 
 

although in some cases the methodology would have to change slightly. People can use the probabilities 
of events calculated using the Poisson distribution model and compare them to odds provided by 
bookmakers to help place smarter bets that are highly likely to make money. 
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7 Glossary 

Clean sheets – Prevention of the opposing side scoring. 

Fixtures – A sporting event arranged to take place on a specified date. 

English Premier League – The top level of the English football league system founded in 1992. 

League table – A list of competitors in the league, showing their ranking according to performance in 
a particular season. 

Season – A portion of the year in which regulated matches take place. The Premier League season 
consists of 38 games. 

Home – The stadium where the host team plays its matches. The home team is the team that is hosting 
the fixture. 

Away - The away team is the team that is visiting the host team’s stadium for the fixture.  
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