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Introduction 

Every four years the world’s greatest athletes gather together at a host country to compete in a variety of 

sports to decide who are the three best performers to be awarded a medal for their representing country. A 

common question that has been asked about the Olympics is if there is a home-country advantage, where it 

is believed that the rate of medals per participant increases during the host year. The provided data is the 

number of participants and the number of medals they won for various host countries the Olympics they 

hosted and the previous Olympics they participated in. The data is for the Summer Olympics from 1952 to 

2021. This data can be described with 𝑌𝑖1 being the number of medals won by the host country during 

Olympics 𝑖 and 𝑌𝑖0 being the number of medals won by the same country in the previous Olympics. 

Similarly, 𝑁𝑖1 and 𝑁𝑖0 are the number of participants by the host country during Olympics 𝑖 and the same 

country in the previous Olympics respectively. Using this data, this summary will detail the Bayesian 

analysis to determine if there is statistical backing for the claim that hosting the Olympics leads to a greater 

medal rate, predicting the number of medals France will win in the 2024 Olympics when they host, and if 

there is evidence that specific countries have more of a home-country advantage over others.  

Aggregate Analysis 

Beginning with the claim that hosting the Olympics leads to a greater medal rate, the data across all years 

is aggregated, i.e. 𝑌1 = ∑ 𝑌𝑖1
18
𝑖=1 = 1016, 𝑌0 = ∑ 𝑌𝑖0

18
𝑖=1 = 682, 𝑁1 = ∑ 𝑁𝑖1

18
𝑖=1 = 7979, and 𝑁0 = ∑ 𝑁𝑖0

18
𝑖=1 =

4715 being the total number of medals won by the host country, the total number of medals won by the 

same country during the previous Olympics, the total number of participants by the host country, and the 

total number of participants by the same country during the previous Olympics. To obtain posterior 

distributions for 𝜆1 and 𝜆0, i.e. the expected number of medals per participate by the home country during 

the host year and during the previous Olympics respectively, the first step is to define what our likelihood 

and prior distributions are. The data can be reasonably modelled with a Poisson distribution, i.e. 

𝑃(𝑌|𝜆) ~ 𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝑁 ∗ 𝜆), since the number of medals that can be won is a discrete positive real value, 

multiple medals can be won by each individual so that 𝜆 can be greater than 1, and each medal won is 

independent of each other. A conjugate prior for a Poisson rate is the gamma distribution, 

𝑃(𝜆) ~ 𝐺𝑎𝑚𝑚𝑎(𝑎, 𝑏), with parameters 𝑎 and 𝑏 both equaling 0.10 so that it is uninformative. As stated 

previously, 𝜆 could theoretically be any positive real number and thus the gamma distribution fulfills this 

support. With this assumed likelihood and prior, the posterior distribution will follow a gamma distribution 

with parameters 𝐴 = 𝑎 + 𝑌 and 𝐵 = 𝑏 + 𝑁. Thus, the posterior distribution is 𝑃(𝜆|𝑌) ~ 𝐺𝑎𝑚𝑚𝑎(𝐴, 𝐵).  

The main assumptions of this analysis are (1) that there is no difference between the participants in the 

different countries so that the participants can be aggregated together, (2) the increased participation of the 

host country is adding participants of equal caliber as those that would be normally competing during a 

non-host year so that they each have equal probability of winning a medal, and (3) each medal won is 

independent of each other. Assumption (1) is believed to be valid since all athletes receive similar nutrition 

and training so that they all have equal probability of winning a medal, although this is debatable when 

comparing the level of funding athletes receive from country to country. Assumption (2) is also believed to 

be valid since all athletes need to qualify in order to participate in the Olympics and thus should all have 

equal probability of winning a medal, but it has been reported in the 538 reference that the qualifications 

are lowered in the host country so that more athletes can participate. Just because the qualifications are 

lowered, does not necessarily change the equal probability that everyone has to winning a medal. 

Assumption (3) is also believed to be valid, taking swimming as a working example, since winning the gold 

medal in free style does not give you any advantage in your competition in the butterfly stroke.           
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With the posterior defined to be 𝑃(𝜆|𝑌) ~ 𝐺𝑎𝑚𝑚𝑎(𝑎 + 𝑌, 𝑏 + 𝑁) and the assumptions of the model 

discussed above, the posterior distributions and their respective summaries for both the host and non-host 

medal rates for the aggregated data are shown in Figure 1. Comparing the two posterior distributions, one 

can see that the majority of the non-host posterior distribution, i.e. red curve, is above the host posterior 

distribution, i.e. blue curve. The spread of the host posterior is less than the spread of the non-host posterior 

due to more data being avaible to construct the host distribution. Looking at the 2.5% quantile for the non-

host distribution and the 97.5% host distribution, there is overlap of the distributions.  

Figure 1: Posterior distributions and summary of host and non-host medal rate for the aggregated data. 

 

Hypothesis Test 

With the posterior distributions from the previous section, a hypothesis test can be conducted to determine 

the probability that the host medal rate is greater than the non-host medal rate given the data, i.e. 𝑃(𝜆1 >
𝜆0|𝑌1, 𝑌2), to see if there is a home-country advantage. The null hypothesis, 𝐻0, is if 𝑃(𝜆1 > 𝜆0|𝑌1, 𝑌2) ≥

0.95 then we can conclude that the home-country advantage does exist. The alternative hypothesis, 𝐻1, is 

if 𝑃(𝜆1 > 𝜆0|𝑌1, 𝑌2) < 0.95 then we can conclude that the home-country advantage does not exist. To 

obtain an estimate of 𝑃(𝜆1 > 𝜆0|𝑌1, 𝑌2), Monte Carlo (MC) sampling is employed with 100,000 samples 

from both posterior distributions to determine how much area in the 𝜆1 distribution, i.e. blue distribution, 

is greater than the 𝜆0 distribution, i.e. red distribution. From these simulations it was found that 0.506% of 

the 𝜆1 distribution is greater than the 𝜆0 distribution, so that one can say that there is a 0.506% chance that 

the true value of 𝜆1 is greater than the true value for 𝜆0. Thus, one can be confident from these results that 

the home-country advantage does not contribute to a significantly greater medal rate per participant. 

To determine if the above conclusion is sensitive to the selected prior of Gamma(a=0.1,b=0.1), 

P(λ1 > λ0|Y1, Y2) and summarizing statistics for P(λ0|Y0) and P(λ1|Y1) using different priors is shown in 

Table 1. Note that the summarizing statistics for P(λ0|Y0) and P(λ1|Y1) are separated with “/”. As can be 

seen from these results, they are found to not change significantly with the chosen prior. So that we can 

conclude that the results are somewhat sensitive to the prior but not to a degree that would significantly 

impact our conclusions since the amount of data we have overpowers the prior.  

Table 1: Probability that the host medal rate is greater than the non-host medal rate, i.e. 𝑷(𝝀𝟏 > 𝝀𝟎|𝒀𝟏, 𝒀𝟐), 

and summary of non-host / host posterior distributions, i.e. 𝑷(𝝀𝟎|𝒀𝟎) / 𝑷(𝝀𝟏|𝒀𝟏), for different priors 

a b P(λ1 > λ0|Y1, Y2) Mean Quantile (2.5%) Quantile (97.5%) 

0.10 0.10 0.00506 0.145 / 0.127 0.134 / 0.120 0.156 / 0.135 

1 1 0.00491 0.145 / 0.127 0.134 / 0.120 0.156 / 0.135 

2 2 0.00475 0.145 / 0.127 0.134 / 0.120 0.156 / 0.135 

5 5 0.00465 0.146 / 0.128 0.135 / 0.120 0.157 / 0.136 
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Prediction 

Knowing that France had 𝑁𝐹0 = 398 participants and won 𝑌𝐹0 = 33 medals in the 2021 summer Olympics, 

the posterior predictive distribution (PPD) can be derived to estimate the number of medals France will win 

in the 2024 Olympics when they host and quantify the associated uncertainty. In order to derive the PPD, 

the number of participants NF1 must first be predicted. This is accomplished by utilizing linear regression 

with the provided data to predict N1 as a function of N0. This fit is shown in blue in the left graph of Figure 

2. The 95% prediction intervals are also shown in green and are used to include the uncertainty of 𝑁𝐹1 in 

the PPD. With this information, it is determined that France should have about 561 ± 114 participants in 

2024. Also, in Figure 2 is the linear regression fit of the provided data to predict 𝑌1 as a function of 𝑌0 and 

shows that France should win about 50 medals in 2024.  

With an estimate of 𝑁𝐹1, the next step is to define the posterior 𝑃(𝜆|𝑌) and the likelihood 𝑓(𝑌∗|𝜆) to be 

used in a MC sampling procedure to estimate the PPD 𝑓∗(𝑌∗|𝑌). The posterior is a gamma distribution, 

𝑃(𝜆|𝑌) ~ 𝐺𝑎𝑚𝑚𝑎(0.10 + 𝑌𝐹0, 0.10 + 𝑁𝐹0), for the reasons explained in the aggregate study. In this 

analysis, the French participants and medals won in the previous Olympics are being used instead of the 

aggregate values calculated previously, i.e. 𝑁1 and 𝑌1, since (1) the previous French performance is assumed 

to be a better indicator of future performance and (2) the aggregate analysis and the country specific analysis 

conducted in the next section showed that the home-country advantage does not contribute to a significantly 

greater medal rate per participant. The likelihood is given with a Poisson distribution, 

𝑃(𝑌∗|𝜆) ~ 𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝑁𝐹1 ∗ 𝜆), for the same reasons as discussed during the aggregate analysis, where 𝑁𝐹1 

follows a normal distribution, 𝑁𝐹1 ~ 𝑁𝑜𝑟𝑚𝑎𝑙(561,52), from the linear regression analysis. With 100,000 

MC samples, the PPD in red assuming 𝑁𝐹1 to have uncertainty and the PPD in blue assuming 𝑁𝐹1 to be 

equal to 561 is shown in Figure 3. From these results we see that the PPD is not very sensitive to the 𝑁𝐹1 

estimate. Including 𝑁𝐹1 uncertainty, there is a 95% probability that France will win between 26-72 medals 

in 2024 with a mean medal count of 46.64, which is close to the predicted 50 medals from linear regression.    

Figure 2: Linear regression fit of number of participants (left) and the number of medals won (right)  

 

Figure 3: PPD and summary of 𝒀𝑭𝟏 when including and not including 𝑵𝑭𝟏 uncertainty shown in red and blue 
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Country-Specific Analysis 

For the country specific analysis, the medal rate ratio 𝑟i = λi1/λi0 is compared to determine if the home-

country advantage differs by country. Similarly, to the aggregate analysis, the posterior distributions of 𝜆𝑖1 

and 𝜆𝑖0 are defined to be 𝑃(𝜆𝑖1|𝑌𝑖1) ~ 𝐺𝑎𝑚𝑚𝑎(𝑎 + 𝑌𝑖1, 𝑏 + 𝑁𝑖1) and 𝑃(𝜆𝑖0|𝑌𝑖0) ~ 𝐺𝑎𝑚𝑚𝑎(𝑎 + 𝑌𝑖0, 𝑏 +
𝑁𝑖0). To obtain these posterior distributions, the likelihood is a Poisson distribution, i.e. 

𝑃(𝑌𝑖|𝜆𝑖) ~ 𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝑁𝑖 ∗ 𝜆𝑖), while the conjugate prior is the gamma distribution, 𝑃(𝜆𝑖) ~ 𝐺𝑎𝑚𝑚𝑎(𝑎, 𝑏), 

with parameters 𝑎 = 𝑏 = 0.10 so that it is uninformative. The likelihood and prior were chosen for the 

same reasons outlined previously in the aggregate analysis. With 100,000 MC samples, the posterior 

distributions of the medal rate ratio for each country are shown in Figure 4 and are constructed by sampling 

from both 𝑃(𝜆𝑖1|𝑌𝑖1) and 𝑃(𝜆𝑖0|𝑌𝑖0) to obtain a sample from the 𝑟𝑖 posterior. From the curves, a medal rate 

ratio of 1 signifies there is not a home-country advantage, less than 1 signifies the athletes performed worse 

in their home country, and greater than 1 signifies the athletes performed better in their home country.  

To determine if the medal rate ratio is different between countries, a new transformation parameter for the 

difference between the medal rate ratio of country 𝑖 and country 𝑗, i.e. Δ𝑟𝑖𝑗 = 𝑟𝑖 − 𝑟𝑗, is defined. Utilizing 

the 100,000 MC samples utilized to construct the posterior distributions, equal-tailed 95% credible intervals 

are constructed for Δ𝑟𝑖𝑗. If the medal rate ratio is different between country 𝑖 and country 𝑗, then this interval 

should not contain 0. The countries that were found to differ from one another are those listed in Figure 4.  

Figure 4: Posterior distributions of 𝒓𝒊 = 𝝀𝒊𝟏/𝝀𝒊𝟎 and countries that show a difference in 𝒓𝒊 (right) 

 

Conclusions 

From the analysis performed in this report, the question of if there is a home-country advantage was 

investigated. From this study it was found that from the aggregated data, there is only a 0.506% chance that 

the true value of 𝜆1 is greater than the true value for 𝜆0. When a similar analysis was done on a country-by-

country basis, there is an observed difference with countries performing significantly better than other 

countries when they host the Olympics. However, the majority of the countries analyzed in this study did 

not show significant differences from each other or from the year they hosted and the previous year. When 

attempting to predict the number of medals with uncertainty France will win in 2024 when they host, a PPD 

was constructed and used to show that there is a 95% probability that France will win between 26-72 medals 

in 2024 with a mean medal count of 46.64. Two limitations of this analysis are (1) the number of predictors 

and (2) not having a detailed breakdown of the events being held at each Olympics. For future work, more 

predictors can be used, such as country population or country GDP and the specific sports at each Olympics 

can be further explored since host countries tend to add sports that are popular in their country.   
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