
Chapter 5  Probability Distribution

5.4  Continuous Random Variable
- Normal Distribution -

Jung Jin Lee
Professor of Soongsil University, Korea 

Visiting Professor of ADA University, Azerbaijan

Introduction to Statistics and Data Science using eStat



2

5.4.1 Normal Distribution

▪ Continuous data that appears more often in the form of a bell-shape  
⇨ large collection of data near mean, 

fewer data as it moves away from the mean, 
symmetrical around the mean. 

▪ This type of data is called a normal distribution. 
⇨ height, weight, length of bolt

▪ Mathematicians tried to find a function to describe this distribution type. 
Abraham de Moivre (1667-1754) was first discovered the function 
Carl Friedrich Gauss (1777-1855) applied to physics and astronomy. 
⇨ normal distribution function or a Gaussian function
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▪ Characteristics of the normal distribution.

1) continuous function in the shape of a bell.

2) symmetrical with respect to the mean μ. So the probability of the left and 
right sides of the mean is 0.5 each.

3) There are an infinite number of normal distributions according to μ and σ.

4) Probability of interval [μ －σ , μ＋ σ ] is 0.68, 
Probability of interval [μ － 2 σ, μ ＋ 2 σ] is 0.95, 
Probability of interval [μ － 3 σ, μ ＋ 3 σ] is 0.997. 
⇨most of the values around the interval of μ ± 3 σ

few values outside of this interval
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❖ Standardized Normal Random Variable

▪ If X is a normal random variable with the mean μ and variance 
𝝈𝟐, i.e. X ~𝑵(μ, 𝝈𝟐), 

then 𝒁 =
𝑿 − 𝝁

𝝈
~ 𝐍(𝟎, 𝟏)

5.4  Continuous Random Variable

5.4.1 Normal  Distribution



7

5.4  Continuous Random Variable

5.4.1 Normal  Distribution – 『eStatU』Probability Calculation



8

[Ex 5.4.2] When Z is a standard normal random variable, obtain the following 
probability using the standard normality distribution table. Then use 『eStatU』.
1) P(Z < 1.96) 2) P(-1.96 < Z < 1.96) 3) P(Z > 1.96)

<Answer>
1) By using the standard normal distribution table, P(Z < 1.96) = 0.975. 
2) P(-1.96 < Z < 1.96) = P(Z < 1.96) - P(Z < -1.96) = 0.975 - 0.025 = 0.95
3) P(Z > 1.96) = 1 - P(Z < 1.96) = 1 - 0.975 = 0.025 
• By using the normal distribution module of 『eStatU』,
1) enters the interval –4, 1.96 in the first of the options below the graph, 

then clicks the [Execute] button. 

2) The answer is calculated by entering interval of 1.96 and 1.96,
3)  is calculated by entering interval of 1.96 and 4

5.4  Continuous Random Variable



9

[Example 5.4.3] When Z is a standard random variable, obtain x that satisfies the following 
formula. Then use 『eStatU』 to find this value x.
1) P(Z < x) = 0.90 2) P(-x < Z < x) = 0.99 3) P(Z > x) = 0.05
<Answer>
1) By using the standard normal distribution, the value of x is 1.2826 
2) By using the standard normal distribution, the percentile of 0.995 is 2.575. .
3) By using the standard normal distribution, the value of x is 1.645. 
• by using 『eStatU』, 
1) Enter p = 0.90 in the right box in the second option at the bottom of the graph screen, then 

clicks the [Execute] button.

2) Enter p = 0.99 in the right box in the third option and click the [Execute] button.

3) In the second option at the bottom of the graph screen, type p = 0.95 in the right box and 
click the [Execute] button.
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❖ Probability Calculation of Normal Random Variable

▪ If X is a normal random variable with the mean μ and variance 
𝝈𝟐, i.e. X ~𝑵(μ, 𝝈𝟐), 

then 𝑷 𝒂 < 𝑿 < 𝒃 = 𝑷(
𝒂 − 𝝁

𝝈
< 

𝑿 − 𝝁

𝝈
< 

𝒃 − 𝝁

𝝈
)
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▪ In the case of large n in a binomial distribution, a direct probability 
calculation is not possible. In such cases, a normal distribution with an 
average of np and a variance of np (1-p) is used to calculate an 
approximated probability.

5.4  Continuous Random Variable

5.4.1 Normal  Distribution – Binomial probability calculation approximately
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[Example 5.4.6] The defect rate of products produced in a factory is 5 per 
cent. One day, a sample of 100 products is collected
1) What is the probability that there are less than two defective products? 
2) What is the probability that there are defectives between 3 and 7?

<Answer>
• X is a binomial distribution of n = 100, p = 0.05. The mean is np = 100 ×

0.05 = 5, and the variance is np(1-p) = 100 × 0.05 x (1-0.05) = 4.75. The 
probability calculation using N(5, 4.75) is as follows.
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Thank you


