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Abstract 

 
  

Sports are either fast or slow, soccer and hockey fall into the fast category. When watching sports that are 

fast, people tend to be more intrigued and want to guess who will win, lose, or even draw. What if there 

was a way to make that guess into a proper guess? This paper will explore the Poisson distribution method 

and demonstrate how its predictive model can be used to prove that it is the most accurate formula for 

predicting MLS (Major League Soccer) and NHL (National Hockey League) matches involves estimating 

the probability of different outcomes for each team based on their historical performance and other 

relevant factors. The results of the research show that the model produced accurate predictions for both 

soccer and hockey, leading to more accurate predictions for future games. This finding allows coaches 

and teams to better prepare for their opponents, leading to better performances and potentially higher 

chances of winning. Furthermore, this model can be applied to future games for soccer and hockey, and 

possibly other sports with similar fundamentals, such as lacrosse, handball, and basketball. 
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Introduction 

  
The MLS and NHL are two sports leagues that are intense, fast, and competitive, which creates a sense of 

randomness. These two sports usually have teams that are not doing too well, but then suddenly there are 

the teams that beat one of the best teams in their sport/league, which makes people question the 

unpredictability of these two sports. This paper will help consolidate these questions by seeing how the 

outcomes of two teams from soccer and hockey in the 2023 season, Nashville Soccer Club and Nashville 

Predators, can be determined by using the Poisson distribution model by their defense and offense strengths 

from home and away. This analysis of the prediction from the Poisson distribution model will provide 

validation for the Poisson distribution as the best recommended formula for accurately predicting soccer 

and hockey. The goal of this paper is to create a prediction model that will validate the Poisson distribution 

to assess the probabilities of the number of goals scored in soccer and hockey, for this to happen people 

will need to understand the mathematics behind it all.  

 

The overview of this approach is to collect historical data, get the team average goals scored and goals 

conceded, using the Poisson distribution, predict the outcomes from the Poisson method, and finally 

evaluate the accuracy and look for any discrepancies to help better adjust the accuracy over time in Excel 

to create the needed tables to organize the data, from there using Power BI we will be able to compare the 

results from soccer and hockey to see if they resemble each other. With all that said, there are a few things 
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to keep in mind. Many things can change the results: new tactics by teams, injuries to players, and weather 

conditions. Therefore, any predictions based solely on statistical data, such as the Poisson distribution, must 

be taken with a grain of salt, and other formulas must also be used with the knowledge of their researchers. 

 

 

Related Research 

 
This portion of the paper will give an overview of how it came to the idea of Poisson distribution being the 

ideal method for soccer and hockey came to fruition; why this model was chosen, why not the Linear 

models, and why it has only been mainly used for soccer. Researchers who have used Linear models or 

another formula like the Chi-Square test have concluded that it cannot produce the most accurate probability 

for soccer leagues in Europe (Celik, 2021). A researcher attempted to compare formulas/methods in 

predicting soccer goals using the GAM (Generalized Additive Model), XGBoost, and the Logistic 

regression model. The conclusion for those formulas was that GAM was a clear choice, yet it doesn’t 

produce the same results as the Poisson distribution (Davis, 2019).  

 

Another researcher tried to use the Linear model with the Poisson distribution for another European league, 

but the Linear model was not on par with the Poisson distribution in displaying its level of accuracy (Gao, 

2016). Another researcher used the Poisson Model, but rather than just using one league, the researcher 

used popular European Leagues, Premier League, Bundesliga, Serie A, and many more (Inan, 2020).  

 

A researcher used artificial intelligence and machine learning algorithms to predict the English Premier 

League, with their data they created five different models: Linear, Naïve Bayes, Hidden Markov Model, 

Support Vector Machine, and Random Forest. The results determined that the best prediction model out of 

the five models was the Linear model (Ulmer and Fernandez, 2014).  

 

There is one group of researchers that is aware of the many methods of predicting soccer matches but 

focuses on an approach that will allow the modeler to undergo a specific soccer score if the game was an 

anomaly with their methodology parameters estimates. The researchers use a model deviation and use the 

Poisson regression model to help with this algorithm. They use the Poisson regression model to assign 

weights to their observations (Ntzoufras and Karlis, 2009).  

 

Another group of researchers uses the Poisson difference distribution in the Bayesian modeling of soccer 

scores. They talk about the advantages of the generalized Poisson difference distribution and how it is based 

on goal difference in each game, then they transfer the data into the Bayesian format to enter past data from 

the soccer league, Italian Serie A soccer. Their model uses the mean and goal difference variance to create 

a model to have better prediction (Moyeed and Shahtahmassebi, 2016). 

 

 

Methodology 
 

The Poisson distribution is a discrete probability distribution, it can express the probability of several events 

occurring within a fixed period, for this paper’s case soccer and hockey. The given average of number of 

events occurring is given by the average number of goals a team scores per game and the period given by 

the length of soccer match, 90 minutes, and hockey, 120 minutes. 

 

The probability mass function of Poisson distribution is given by: 
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     𝒇(𝒙, 𝝀) = 𝑷(𝑿 = 𝒙) =  
𝝀𝒙𝒆−𝝀

𝒙!
  

 

Where λ is the average number of events per time. In this case it is the expected number of goals for each 

team per match. 

 

x is the number of times an event occurs. This is number of goals scored by either the home or away team 

in a match i.e. x = 0, 1, 2, 3… 

e is Euler’s number (e = 2.71828) and x! is the factorial of x. 

 

For example, assume that the Nashville SC are expected 1 goal a game, calculate the probability they will 

score 2 goals in a single match. 

 

λ = 1, x =2 

 𝒇(𝟐, 𝟏) = 𝑷(𝑿 = 𝟐) =  
𝟏𝟐𝒆−𝟏

𝟐!
=  𝟎. 𝟏𝟖𝟒 (𝒕𝒐 𝟑 𝒅𝒆𝒄𝒊𝒎𝒂𝒍 𝒑𝒍𝒂𝒄𝒆𝒔) 

 

When determining the probability of two teams, the bivariate Poisson comes into play. The Poisson 

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

 

𝑷(𝑿 = 𝒙) ∗ 𝑷(𝒀 = 𝒚) =  
𝒆−𝜆𝜆𝑥

𝒙!
∗  

𝒆−µµ𝒚

𝒚!
 

 

λ is the average of number of events Z, per time. In this instance λ is used for the home team’s expected 

goals. 

x is the number of times an event, Z, has occurred. This will be the number of goals by the home team. 

µ is the same as λ, but for the away team’s expected goals. 

y is the number of times an event, A, has occurred. This will be the number of goals by the away team. 

 

For example, assume Nashville SC goes against Inter Miami, find out the probability being 2-2. Multiply 

Nashville SC’s probability mass function by Inter Miami’s probability mass function to form a bivariate 

mass function. 

 

𝜆 = 𝑁𝑎𝑠ℎ𝑣𝑖𝑙𝑙𝑒 𝑆𝐶 ′𝑠 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑔𝑜𝑎𝑙𝑠 =  1.14 

      x = 2 
µ = 𝐼𝑛𝑡𝑒𝑟 𝑀𝑖𝑎𝑚𝑖 ′𝑠 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑔𝑜𝑎𝑙𝑠 =  0.79 

      y =2 

 

𝑷(𝑿 = 𝟐) ∗ 𝑷(𝒀 = 𝟐) =  
𝒆−𝟏.𝟏𝟒 ∗ 𝟏. 𝟏𝟒𝟐

𝟐!
∗  

𝒆−𝟎.𝟕𝟗𝟎. 𝟕𝟗𝟐

𝟐!
=  𝟎. 𝟎𝟑𝟎 (𝒕𝒐 𝟑 𝒅𝒆𝒄𝒊𝒎𝒂𝒍 𝒑𝒍𝒂𝒄𝒆𝒔)  

 

The results indicate that there is a 3% chance that the score will be 2-2. 

 

These principles are applicable to the MLS and possibly the NHL. By gathering the data from MLS and 

NHL, the results from their 2023 season can be compared to the observed goals to the expected goals from 

both home and away. 
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The Poisson distribution uses past results to assess the probability of the number of goals in a match. For a 

given match, two participating teams in the MLS/NHL are considered, then the average of goals, and finally 

in prior matches are calculated as well as the home and away defense/offense strengths.  

 

The MLS and NHL average for goals per game and average goals conceded per game are calculated from 

the following formulas: 

 

𝑴𝑳𝑺 𝒂𝒏𝒅 𝑵𝑯𝑳 𝑮𝒐𝒂𝒍𝒔 𝑷𝒆𝒓 𝑮𝒂𝒎𝒆 =  
∑ 𝑮𝒐𝒂𝒍𝒔 𝑺𝒄𝒐𝒓𝒆𝒅

∑ 𝑬𝒙𝒑𝒆𝒄𝒕𝒆𝒅 𝑮𝒐𝒂𝒍𝒔 𝑺𝒄𝒐𝒓𝒆𝒅
 

 

𝑴𝑳𝑺 𝒂𝒏𝒅 𝑵𝑯𝑳 𝑮𝒐𝒂𝒍𝒔 𝑪𝒐𝒏𝒄𝒆𝒅𝒆𝒅 𝑷𝒆𝒓 𝑮𝒂𝒎𝒆 =  
∑ 𝑮𝒐𝒂𝒍𝒔 𝑪𝒐𝒏𝒄𝒆𝒅𝒆𝒅

∑ 𝑬𝒙𝒑𝒆𝒄𝒕𝒆𝒅 𝑮𝒐𝒂𝒍𝒔 𝑪𝒐𝒏𝒄𝒆𝒅𝒆𝒅
 

 

Home and away defense/offense strengths are calculated using the following formulas: 

 

𝑫𝒆𝒇𝒆𝒏𝒔𝒆 𝑺𝒕𝒓𝒆𝒏𝒈𝒕𝒉 =  
𝑻𝒆𝒂𝒎′𝒔 𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑮𝒐𝒂𝒍 𝑨𝒈𝒂𝒊𝒏𝒔𝒕 𝑷𝒆𝒓 𝒈𝒂𝒎𝒆

𝑶𝒗𝒆𝒓𝒂𝒍𝒍 𝑴𝑳𝑺/𝑵𝑯𝑳 𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑮𝒐𝒂𝒍𝒔 𝑨𝒈𝒂𝒊𝒏𝒔𝒕 𝑷𝒆𝒓 𝑮𝒂𝒎𝒆
 

 

𝑶𝒇𝒇𝒆𝒏𝒔𝒆 𝑺𝒕𝒓𝒆𝒏𝒈𝒕𝒉 =  
𝑻𝒆𝒂𝒎′𝒔 𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑮𝒐𝒂𝒍 𝑭𝒐𝒓 𝑷𝒆𝒓 𝒈𝒂𝒎𝒆

𝑶𝒗𝒆𝒓𝒂𝒍𝒍 𝑴𝑳𝑺/𝑵𝑯𝑳 𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑮𝒐𝒂𝒍𝒔 𝑭𝒐𝒓 𝑷𝒆𝒓 𝑮𝒂𝒎𝒆
 

 

 

Experimental Result 
 

The data was retrieved from the MLS website and NHL website, the data needed was then imported to an 

excel file. There are a total of 4 tables for MLS and NHL, home stats, away stats, home defense/offense 

strength, and away defense/offense strength. The data retrieved was a culmination of the four past seasons 

recently from 2020 to 2023. To calculate the games played, goals, expected goals, goals conceded, and 

expected goals conceded, the data is added from each season the team has been in the MLS and NHL, then 

divided by their total time in their league.  

 

 

 
Figure 1: Mass Function Nashville SC (MLS) 
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With these MLS tables created and the data obtained, the next step is to implement the data into the Poisson 

distribution. Since, the focus will be on Nashville SC, the match from April 22, 2023, Nashville SC vs Los 

Angeles FC where the game ended in a tie 1-1. In the figure below will compare the Poisson distribution 

and the expected goals and the actual goal percentage.  

 

 
Figure 2: Mass Function LAFC (MLS) 

 

After displaying the graph for the home team, the next step is creating a heatmap to visualize the chances 

for certain scores to happen. To create this heatmap, the requirements are to multiply the home teams 

Poisson distribution results with the away teams results to create the nine-by-nine table. 

 

Table 1: Mass Function Poisson Distribution (MLS) 

 
 

In table 1, this is using the Mass Function Poisson distribution formula for each team individually, creating 

their chances of hitting their goal expectancy, creating figure 1’s graph. 

 

Goals Nashville LA

0 36.42278% 22.76421%

1 36.78613% 33.69059%

2 18.57655% 24.93071%

3 6.25396% 12.29899%

4 1.57909% 4.55057%

5 0.31897% 1.34695%

6 0.05369% 0.33224%

7 0.00775% 0.07024%

8 0.00098% 0.01300%

9 0.00011% 0.00214%

Mass Function Poisson Distribution
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Figure 3: Heat Map of Poisson Distribution Percentages of Nashville SC vs LAFC 

 

In figure 3, you see that Nashville SC vs LAFC highest percentage outcome was 1-1 at 12.39% with 

Nashville’s expected goal being 1.027 and LAFC’s expected goal being 1.479. From there, table 2 shows 

the top five probable outcomes from the heatmap with the 12.39% being the most likely to happen, which 

did occur in the game. 

 
Table 2: Top Five Probable Outcomes (MLS) 

 
After seeing the top five probable outcomes, the next step is to see the win percentage for each team and 

the chance of tying. After seeing the top 5 probable outcomes, the next step is to see what the chances for 

the teams winning or tying.  This is where the Bivariate Poisson Distribution comes into play.  

 
Table 3: Bivariate Poisson Distribution (MLS) 

 
 

Multiplying Nashville’s mass function Poisson with LA’s, it creates the data to determine each team's 

Top 5 % Top 5 Results

12.39% 1-1

12.07% 1-0

9.16% 2-1

8.92% 2-0

8.38% 0-1

Nashville vs LAFC

Goals Nashville LA

0

1 8.374% 12.271%

2 10.487% 18.251%

3 5.090% 11.289%

4 1.479% 4.461%

5 0.313% 1.342%

6 0.053% 0.332%

7 0.008% 0.070%

8 0.001% 0.013%

9 0.000% 0.002%

Bivariate Poisson Distribution
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chance of winning. To get Nashville and LA’s win percentage, take the SUM of all their percentages. To 

get the draw percentage, add each team's percentage then subtract by 1. 

 

 

 
Figure 4: Win Probability (MLS) 

 

In table 3, the Bivariate Poisson formula is used, creating the ability to determine the chance of winning the 

game, losing, or ending in a tie. Looking at figure 4, we can see that LA had the higher chance of winning, 

yet the game ended in a tie. Moving over to NHL, it’s time to see if the Poisson distribution is accurate with 

Hockey. Since hockey scores more frequently than soccer, the goals should be more in the 2 – 4 range. 

With these NHL tables created and the data obtained, the next step is to implement the data into the Poisson 

distribution. Since the focus is on Nashville Predators, the match being used for research is the March 3rd, 

2023, Nashville Predators vs Chicago Blackhawks, the match results were 3-1. In the figure below will 

compare the Poisson distribution and the expected goals and the actual goal percentage.  

 

 

 
Figure 5: Mass Function Nashville Predators 
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Figure 6: Mass Function Chicago Blackhawks 

 

 

After displaying the graph for the home team and away team, the next step is creating a heatmap to visualize 

the chances for certain scores to happen. With this heatmap, you will see that green has moved more to the 

middle rather than on the left side, since hockey tends to score more goals. 

 

 

Table 4: Mass Function Poisson Distribution (NHL) 

 
 

 

Goals Nashville Predators Chicago Blackhawks

0 3.73928% 6.57288%

1 12.28833% 17.89282%

2 20.19143% 24.35410%

3 22.11822% 22.09907%

4 18.17166% 15.03964%

5 11.94342% 8.18824%

6 6.54157% 3.71503%

7 3.07106% 1.44473%

8 1.26154% 0.49161%

9 0.46064% 0.14870%

Mass Function Poisson Distribution
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Figure 7: Heat Map of Poisson Distribution Percentages of Predators vs Blackhawks 

 

 
Table 5: Top Five Probable Outcomes (NHL) 

 
 

 

In figure 7, you see that Nashville Predators vs Chicago Blackhawks, highest percentage outcome was 2-3 

at 5.39% with Chicago winning. However, looking at table 5, the actual outcome was in the top 20 

outcomes, it was the 17th outcome with only 2.72% of happening. 

 
Table 6: Bivariate Poisson Distribution (NHL) 

 

Goals Nashville Predators Chicago Blackhawks

0

1 0.808% 0.669%

2 4.940% 3.903%

3 10.798% 8.004%

4 12.887% 8.774%

5 10.266% 6.265%

6 6.159% 3.286%

7 3.005% 1.372%

8 1.253% 0.482%

9 0.460% 0.148%

Bivariate Poisson Distribution
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In table 6, the Bivariate Poisson formula is used for Nashville Predators and Chicago Blackhawks Looking 

at figure 8, we can see that Nashville had the higher chance of winning of 50.58% whereas Chicago had 

32.9%. 

 

 
Figure 8: Win Probability (NHL) 

 

 

Conclusion 
 

With the research conducted, using Poisson distribution can validate soccer and hockey game predictions. 

The results of the study show that this model has produced accurate predictions for both soccer and hockey, 

leading to more accurate forecasts for future games. This is a finding that allows coaches and teams to 

prepare better for their opponents, leading to better performances and potentially higher chances of winning.  

 

Furthermore, this model can be applied to future games for soccer and hockey, and possibly more sports 

with similar fundamentals, such as lacrosse, handball, basketball, etc. The incorporation of using teams’ 

goals and average goals to account for a more accurate offense and defense can improve the accuracy of 

predictions and provide more valuable insights for coaches, fans, betters, and sports analysts. This model 

contributes to the field of sports analytics by enhancing the Poisson Distribution Model. 
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