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Abstract

Bayesian statistics
• Method for reallocating probability given data
• Improves the original assumptions

Our project 
• Brief overview on Bayesian statistics
• We use simple examples to showcase its importance
• We show that models can be improved based on

data that we gather.

Models used
• Determining the bias of a coin
• Determining the likelihood of cystic fibrosis given a

positive test result.
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𝑝 𝑻 𝒅 =
𝑝 𝒅 𝑻 ∗ 𝑝 𝑻

𝑝 𝒅

Likelihood
How likely is the data given that the
theory is true?

Posterior 
How likely is our theory given the data?

Prior
How likely was the theory before observing the 
data? 

Marginal
How likely is the data to occur under all possible 
theories? How many times does the data occur?

Bayes’ Theorem

Flipping Coins

• Assume we have 100 coins
• 99 are fair, 1 is double sided
• We flip the coin once and get heads
• What are the chances of having a fair coin? 
• Intuitively: 99%
• What if we use Bayes’ theorem?

Applying Bayes’ theorem to Coins

T= 𝑾𝒆 𝒉𝒂𝒗𝒆 𝒂 𝒇𝒂𝒊𝒓 𝒄𝒐𝒊𝒏
𝒅 = 𝑾𝒆 𝒇𝒍𝒊𝒑𝒑𝒆𝒅 𝒉𝒆𝒂𝒅𝒔

• I𝒏𝒊𝒕𝒊𝒂𝒍𝒍𝒚 ∶ 𝒑 𝑻 = 𝟗𝟗%
• 𝒑 𝒅 𝑻 = 𝟎. 𝟓
• 𝒑 𝒅 = 𝟎. 𝟗𝟗 ∗ 𝟎. 𝟓 + 𝟎. 𝟎𝟏 ∗ 𝟏 = . 𝟓𝟎𝟓

Apply Bayes’ theorem:

𝒑 𝑻 𝒅 =
𝟎. 𝟓 ∗ . 𝟗𝟗

. 𝟓𝟎𝟓
= 𝟎. 𝟗𝟖 = 𝟗𝟖%

• Does not match intuitive result.
• Flipping the coin again, we get heads. 

What is the new probability?
• Our new 𝒑 𝑻 = 𝟎. 𝟗𝟖

𝒑 𝑻 𝒅 =
𝟎. 𝟓 ∗. 𝟗𝟖

. 𝟓𝟎𝟓
= 𝟎. 𝟗𝟕 = 𝟗𝟕%

The more heads that are obtained when 
flipping, the more likely it is that the coin is 
biased. 

Application to Cystic Fibrosis Screenings

T = The patient has  cystic fibrosis
d = A positive test result 

(Assay of trypsinogen concentrations)

• Initially 𝒑 𝑻 = 𝟏 𝒊𝒏 𝟒𝟎𝟎𝟎 = 0.025%
• 𝒑 𝒅 𝑻 = 𝟎. 𝟗𝟗

• 𝒑 𝒅 = 𝟐. 𝟓−𝟒 ∗ 𝟎. 𝟗𝟗 + 𝟎. 𝟗𝟗𝟗𝟕𝟓 ∗ 𝟎. 𝟎𝟏 =
𝟎. 𝟏𝟎𝟐𝟒𝟓

Apply Bayes’ Theorem

𝒑 𝑻 𝒅 =
𝟎. 𝟗𝟗 ∗ 𝟐. 𝟓 ∗ 𝟏𝟎−𝟒

𝟎. 𝟏𝟎𝟐𝟒𝟓
= 𝟎. 𝟎𝟎𝟐𝟒 = 𝟎. 𝟐𝟒 %

This illustrates why medical test with even the 
slightest rate of false positives are performed multiple 

times or in conjunction with another test

It is also important to remember that a patient 
exhibiting any symptoms of the disease would 

dramatically increase our  p(T) value
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