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Bivariate Normal Distribution.

Problem 7.1. The extremely popular Fit Fathers exercise club team enrolled in a fitness regimen. Here is 

a summary of their pre- and post-regimen weights (in lbs).

mean standard deviation

PRE 220 20

POST 185 10

Assume that the data are modeled as bivariate normal with the correlation coefficient equal to 0.8. Of the 

fathers who weighed exactly 260 pounds before the fitness regimen, about what percentage weighed 

above average after the regimen?

Solution. Let (𝑈, 𝑉 ) be the random pair which stands for the fathers’ pre- and post-regimen weights in lbs. Let 

(𝑋, 𝑌 ) be the random pair which stands for their weights in standard units.

Conditioning on 𝑈  being f exactly 260 is equivalent to conditioning on

𝑋 = 260 − 220
20

= 2

So, the probability that we are looking for is

ℙ[𝑉 > 185 | 𝑈 = 260] = ℙ[𝑉 − 185
10

> 185 − 185
10

| 𝑈 = 260] = ℙ[𝑌 > 0 |𝑋 = 2].

Recall that

𝑌 |𝑋 = 𝑥 ∼ 𝑁(𝑚𝑒𝑎𝑛 = 𝜌𝑥, 𝑠𝑑 = √1 − 𝜌2)

. So, the probability we are seeking equals (with 𝑥 = 2)

ℙ[𝑍 > 0 − 𝜌𝑥
√1 − 𝜌2

] = ℙ[𝑍 > 0 − 0.8(2)√
1 − 0.64

≈ −2.67] ≈ ℙ[𝑍 ≤ 2.67] = Φ(2.67) = 0.9963.

Problem 7.2. Source: Pitman’s "Probability."

Here is a summary of PSAT and SAT scores of a large group of students.

mean standard deviation

PSAT 1200 100

SAT 1300 90



Assume that the data are modeled as bivariate normal with the correlation coefficient equal to 0.6. Of the 

students who scored 1000 on the PSAT, about what percentage scored above average on the SAT?

Solution. Let (𝑈, 𝑉 ) be the random pair which stands for the students’ PSAT and SAT scores in real units. Let 

(𝑋, 𝑌 ) be the random pair which stands for the students’ PSAT and SAT scores in standard units.

Conditioning on 𝑈  being f exactly 1000 is equivalent to conditioning on

𝑋 = 1000 − 1200
100

= −2

So, the probability that we are looking for is

ℙ[𝑌 > 0 |𝑋 = −2].

Recall that 𝑌 |𝑋 = 𝑥 ∼ 𝑁(𝜌𝑥, 1 − 𝜌2). So, the probability we are seeking equals (with 𝑥 = −2)

ℙ[𝑍 > 0 − 𝜌𝑥
√1 − 𝜌2

] = ℙ[𝑍 > − 𝑥𝜌
√1 − 𝜌2

]

With the given correlation coefficient of 0.6, our answer is

Φ( −2(0.6)√
1 − 0.36

) = Φ(−1.5) = 0.0668072.
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