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LESSON: NORMAL DISTRIBUTION 

This lesson includes an overview of the subject, instructor notes, and example exercises using 

Minitab. 

Normal Distribution 

Lesson Overview 

The normal distribution is probably the most widely used of all probability models. Its 

popularity is partly due to the Central Limit Theorem, which states that as the sample size 

increases, the sampling distribution of the mean can be approximated by a normal distribution. 

Some variables typically modeled by the normal distribution include height, weight, IQ, memory, 

reading ability, etc. 

The normal distribution is completely described by two population parameters – the mean  

and the standard deviation σ. The mean of a normal distribution is its center, and the standard 

deviation measures the spread of the distribution about the mean.   

In this lesson, the normal distribution will be defined, and we’ll use it to determine probabilities 

for variables that can be modeled by it. We’ll compute these probabilities using a normal table 

and Minitab. 

Prerequisites 

None. Although integration of the normal probability density function is included, covering it is 

optional. 

Learning Targets 

This lesson teaches students how to: 

• View, recognize, and graph a normal distribution with mean μ and standard deviation σ. 

The 68–95–99.7 rule, also known as the 3σ rule or empirical rule, will be discussed. 

• Determine probabilities associated with a normal distribution using a normal probability 

table and Minitab. 
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• Standardize values from any normal distribution. In other words, convert x values 

associated with a normal distribution with mean μ and standard deviation σ to z-scores. 

A z-score will be defined in the lesson. 

• Work backwards when given a probability from a normal distribution to determine its 

corresponding x value. 

Time Required 

It will take the instructor 60 minutes in class to introduce the normal distribution and work 

through examples for determining probabilities and corresponding x values. We recommend 

starting the activity sheet in class so that students can ask the instructor questions while working 

on it. The exercises on the activity sheet will take 60 minutes, and they can be used as 

homework or quiz problems. 

Materials Required 

• Minitab 19 or Minitab Express 

• Internet access for simulation and data-generating activities. 

Assessment 

The activity sheet contains exercises for students to assess their understanding of the learning 

targets for this lesson. 

Possible Extensions 

The instructor may want to extend this to the Binomial Distribution and/or Other 

Distributions after this lesson so that students can have exposure to additional distributions. 

References 

A simulation of the Quincunx: http://www.mathsisfun.com/data/quincunx.html 

 

 

 

http://www.mathsisfun.com/data/quincunx.html
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Instructor Notes with Examples 

The Normal Distribution 

The normal distribution is one of the most widely 

used probability models. It is also referred to as the 

Gaussian distribution after its inventor, German 

mathematician Carl Gauss. The probability density 

function of a normal distribution is actually on the 

10 Deutsche Mark (on right) in honor of Gauss. 

Graphing the probability density function – which describes probabilities over intervals – 

associated with a normal distribution reveals a bell-shaped curve with a center at mean μ and a 

spread of standard deviation  , where  is always positive. The normal distribution is 

completely described by these two population parameters. 

Below are graphs of normal distributions with various means and standard deviations. Notice 

that the bell of the curve is located at the mean μ. The shape of the curve is dependent on the 

standard deviation , where a larger  corresponds to a wider curve. 

 

 



LESSON: NORMAL DISTRIBUTION 4 

Many variables are adequately modeled by the normal distribution, including height, weight, IQ, 

errors in measurements, exam scores, blood pressure, etc. Another reason for the popularity of 

the normal distribution is the Central Limit Theorem (CLT). 

 

The Central Limit Theorem 

Definition: The Central Limit Theorem states that as the sample size increases, the sampling 

distribution of the mean can be approximated by a normal distribution. In other words, if we 

repeatedly take independent random samples of size n from any population (regardless of the 

population’s distribution), then when n is large, the distribution of the sample means will 

approach a normal distribution. Note that the Central Limit Theorem is discussed in greater 

detail in the Sampling Distribution of Xbar lesson. 

Demonstration: The Quincunx, first illustrated by 

Sir Francis Galton, illustrates a simple process of 

summing random variables that gives rise to the 

familiar “bell curve” of the normal distribution. A 

simulation of the Quincunx is available at the 

following website: 

http://www.mathsisfun.com/data/quincunx.html.  

• A Quincunx is a triangular array of pins. 

• Balls are dropped onto the top pin and 

pass through every row of pins until they 

land in a given position at the bottom. 

Each row of pins can be thought of as a 

random event with two choices – “left” or 

“right.” 

• Once at the bottom, the balls stack up to 

show the frequency of balls that have 

landed at a given position. 

• The final position of each ball is 

determined by the sum of independent, 

random events each with probability p = 

0.5 as to whether the ball drops to the left 

or the right of the pin. 

At first there is no pattern, but after many balls 

have been dropped, the stacks conform to a bell 

shape. This is because there are more right/left row combinations that lead a ball back to the 

http://www.mathsisfun.com/data/quincunx.html
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center of the distribution rather than the tails. The only way for a ball to reach the far-right tail 

given n Quincunx rows is for the ball to bounce right n times, which has probability (1/2)n
 given 

a 50%/50% right/left ball bounce probability. 

The Normal Probability Density Function 

Optional: For students who have taken calculus, the function that produces the bell shape is 

given by: 

𝑓(𝑥) =
1

𝜎√2𝜋
𝑒

− 
(𝑥−𝜇)2

2𝜎2   for all real number 𝑥′s 

The function f(x) is called a probability density function and graphing it for any μ and positive 

 yields a bell curve centered at μ with spread . The function f(x) is a legitimate probability 

density function since f(x) > 0 for all real numbers x and the area under the curve of f(x) is 1. 

The normal probability density function with: 

• Mean μ=0 and standard deviation =1 is written as: 𝑓(𝑥) =
1

√2π
e− 

x2

2  for all real number 

x’s. 

• Mean μ=3 and standard deviation =2 is written as: 𝑓(𝑥) =
1

2√2π
e

− 
(x−3)2

2∙22  for all real number 

x’s. 

The 68-95-99.7 Rule 

Although there are many normal distributions (since there are infinitely many choices for μ and 

positive ), there is one well-known property that they all share. The 68–95–99.7 rule, also known 

as the 3 rule or empirical rule, states the following: 

For a normal distribution with mean μ and standard deviation ,  

• Approximately 68% of the data points lie within 1 standard deviation (1) of the mean 

μ. See the yellow area in the picture below. 

• Approximately 95% of the data points lie within 2 standard deviations (2) of the 

mean μ. See the pink and yellow areas combined below. 

• Approximately 99.7% of the data points lie within 3 standard deviations (3) of the 

mean μ. See the blue, pink, and yellow areas combined below. 

The empirical rule is useful in estimating probabilities for data that is modeled by a normal 

distribution. 
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Example 1 

Assume IQ scores are normally distributed with mean 100 and standard deviation 10. Determine 

the probability that a randomly chosen person has an IQ: 

(a) Less than 90 

(b) Greater than 120 

(c) Between 100 and 120 

First, let’s graph the distribution in Minitab.  

Minitab 19 

1 Choose Graph > Probability Distribution Plot. 

2 Choose View Single, then click OK. 

3 From Distribution, choose Normal. 

4 In Mean, type 100. 

5 In Standard Deviation, type 10. 

6 Click OK. 
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Minitab 19 (Mac) 

1 Choose Graph > Probability Distribution Plot. 

2 Choose View Distribution, then click OK. 

3 From Distribution, choose Normal. 

4 In Mean, type 100. 

5 In Standard Deviation, type 10. 

6 Click OK. 

Minitab Express 

1 Open the display probability dialog box. 

• Mac: Statistics > Probability Distributions > Distribution Plots > Single 

Distribution 

• PC: STATISTICS > Distribution Plot > Single Distribution 

2 From Distribution, select Normal. 

3 In Mean, enter 100. 

4 In Standard Deviation, enter 10. 

5 Click OK. 

Minitab produces the following graph: 

 

The curve is centered at μ = 100 and the spread is  = 10. We can find the desired probabilities 

using the empirical rule. 

(a) The probability that a randomly chosen person has an IQ less than 90 is approximately 16%. 

• By the empirical rule, approximately 68% of IQ’s are within 1 of the mean μ = 100. 

Therefore approximately 68% of IQ’s are between 90 and 110 with approximately 32% 

outside 90 and 110.  
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• By symmetry, approximately 16% of IQ’s are less than 90 (and approximately 16% are 

greater than 110). 

We can use Minitab to compute this probability. 

Minitab 19 

1 Choose Graph > Probability Distribution Plot. 

2 Choose View Probability, then click OK. 

3 From Distribution, choose Normal. 

4 In Mean, type 100. 

5 In Standard Deviation, type 10. 

6 Click the Shaded Area tab. Under Define Shaded Area By, choose X Value. 

7 Click Left Tail, since we want the probability of an IQ being less than 90. In X value, type 

90. 

8 Click OK. 

Minitab 19 (Mac) 

1 Choose Graph > Probability Distribution Plot. 

2 Choose View Probability, then click OK. 

3 From Distribution, choose Normal. 

4 In Mean, type 100. 

5 In Standard Deviation, type 10. 

6 Click Options. 

7 Under Define Shaded Area By, choose X Value. 

8 Click Left Tail, since we want the probability of an IQ being less than 90. In X value, type 

90. 

9 Click OK. 

Minitab Express 

1 Open the display probability dialog box. 

• Mac: Statistics > Probability Distributions > Distribution Plots > Display 

Probability 

• PC: STATISTICS > Distribution Plot > Display Probability 

2 From Distribution, select Normal. 

3 In Mean, enter 100. 

4 In Standard Deviation, enter 10. 

5 Under Shade the area corresponding to the following, select A specified x value. 

6 Click the Left Tail icon. This option shows the probability that an IQ is less than a 

specified x-value. In this case, we want the probability of an IQ being less than 90. 

7 In X value, enter 90. Click OK. 
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Not only does Minitab report the probability (15.87%), but it also shades the portion of the 

normal distribution plot corresponding to the desired probability. 

 

(b) The probability that a randomly chosen person has an IQ greater than 120 is approximately 

2.5%. 

• By the empirical rule, approximately 95% of IQ’s are within 2 of the mean μ = 100. 

Therefore approximately 95% of IQ’s are between 80 and 120 with approximately 5% 

outside 80 and 120.  

• By symmetry, approximately 2.5% of IQ’s are greater than 120 (and approximately 2.5% 

are less than 80). 

We can calculate this probability in Minitab as we did for part (a). The only difference is that we 

want to view the shaded area corresponding to the Right Tail for a specific x value—in this case, 

our x value is 120, since we want to determine the probability of an IQ being greater than 120. 

The graph below on the left shows the desired probability (2.3%). 
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(c) The probability that a randomly chosen person has an IQ between 100 and 120 is...  

• By the empirical rule, approximately 95% of IQ’s are within 2 of the mean μ = 100. 

Therefore approximately 95% of IQ’s are between 80 and 120.  

• By symmetry, approximately 47.5% of IQ’s are between 100 and 120. 

We can calculate this probability in Minitab as we did in (a) and (b). Now, we need to view the 

shaded area corresponding to the Middle for two x values—in this case, X value 1 is 100 and X 

value 2 is 120, since we want to determine the probability that a person’s IQ is between 100 and 

120. The graph above on the right shows the desired probability (47.7%). 

 

Computing z-Scores 

Considering the empirical rule and its application to all normal distributions, it is useful to talk 

about a value from a normal distribution in terms of the number of standard deviations it is 

from the mean. That is, we can measure the distance between an x value and the center at mean 

μ in units of size . Converting a value to these distance units is called standardizing, or 

standardization, where a standardized value is called a z-score. 

Suppose the data value x is from a normal distribution with mean μ and standard deviation . To 

standardize x, we  

• Subtract the mean μ from x.    

• Divide this quantity, x – μ, by the standard deviation .  

• In symbolic terms, a z-score is defined as: 

𝑧 =
𝑥 − 𝜇

𝜎
 

A z-score measures the number of standard deviations between an x value and the mean μ. If a 

z-score is positive, then the x value is to the right of the mean μ. If a z-score is negative, then the 

x value is to the left of the mean μ. 

 

 

 

 



LESSON: NORMAL DISTRIBUTION 11 

Example 2 

Assume IQ scores are normally distributed with mean 100 and standard deviation 10. Determine 

the z-scores for an IQ of 90 and an IQ of 120. 

The z-score for 90 is: 

𝑧 =
90 − 100

10
= −1 

This z-score indicates that the value 90 is 1 standard deviation to the left of the mean μ = 100. 

The z-score for 120 is: 

𝑧 =
120 − 100

10
= 2 

This z-score indicates that the value 120 is 2 standard deviations to the right of the mean μ = 

100. 

 



LESSON: NORMAL DISTRIBUTION 12 

Random Variables 

Going forward, we need a way to represent the variables that we have been discussing. 

• It is common for statisticians to use capital letters, such as X or Y, to represent random 

quantities or variables. 

• In the first two examples, we could let the random variable X represent a person’s IQ. 

• We use lowercase letters to represent specific values that the random variable X can 

assume. In Example 1, a specific value that X can attain is x = 90. 

• Statisticians and textbooks reserve the capital letter Z to represent a standard normal 

random variable. A standard normal random variable is a special normal distribution 

with mean μ = 0 and standard deviation  = 1. 

• When we standardize a normal random variable X with mean μ and standard deviation , 

we obtain a standard normal random variable Z.  

• Just as we standardized a specific value x, we can transform any normal random variable 

X to a standard normal random variable Z. 

 

Since any normal random variable can be converted to a standard normal random variable, a 

“normal table” appears in statistics textbooks to determine the area under the standard normal 

curve. This area corresponds to the proportion of data values or the probability of being beyond 

some z value on the standard normal curve. You can find a normal table at the end of this lesson. 

 

Using the Normal Table to Compute Probabilities 

• Again, in order to use this table to determine probabilities associated with a normal 

distribution, a normal variable must be transformed into the standard normal 

distribution with μ = 0 and  = 1. 

• A typical standard normal table, like the one provided at the end of this lesson, provides 

values for determining the probability of the normal variable Z being less than or equal 

to or strictly less than some designated value z. That is, the standard normal table is used 

to calculate the cumulative probability P(Z  z).   

If X is a normal random variable with mean μ and standard deviation σ, then the random variable: 



−
=

X
Z  

is a standard normal random variable with mean 0 and standard deviation 1. 
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• Example 3 shows how to compute a probability for a standard normal random variable 

using a normal table. 

 

Example 3 

Assume Z is a standard normal random variable. Determine the following probabilities using the 

standard normal table provided at the end of this lesson. Shade the area(s) of interest on the 

graphs.  

(a) Determining a “less than” probability: P(Z  1.25)       

P(Z  1.25) is the area to the left of 1.25 on the standard normal curve. This is the type of area, 

less than a designated value, which is directly given in the normal table.  

Look up the value z = 1.25 in the table by doing the following:  

• The first two digits of the value, 1.2, are contained on the left hand side of the table.  

• The last decimal place, 5, is shown along the top of the table.  

• The corresponding area (probability) is shown in the body of the table. It is 

approximately 0.89435. 
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To determine P(Z  1.25) in Minitab as shown in the previous normal curve graph, follow the 

steps from Example 1, reiterated below: 

Minitab 19 

1 Choose Graph > Probability Distribution Plot. 

2 Choose View Probability, then click OK. 

3 From Distribution, choose Normal. 

4 In Mean, type 0. 

5 In Standard Deviation, type 1. 

6 Click the Shaded Area tab. Under Define Shaded Area By, choose X Value. 

7 Click Left Tail, since we want the probability of Z being less than 1.25. In X value type 

1.25. 

8 Click OK. 

Minitab 19 (Mac) 

1 Choose Graph > Probability Distribution Plot. 

2 Choose View Probability, then click OK. 

3 From Distribution, choose Normal. 

4 In Mean, type 0. 

5 In Standard Deviation, type 1. 

6 Click the Shaded Area tab. Under Define Shaded Area By, choose X Value. 

7 Click Left Tail, since we want the probability of Z being less than 1.25. In X value type 

1.25. 

8 Click OK. 

 



LESSON: NORMAL DISTRIBUTION 15 

 

Minitab Express 

1 Open the display probability dialog box. 

• Mac: Statistics > Probability Distributions > Distribution Plots > Display 

Probability 

• PC: STATISTICS > Distribution Plot > Display Probability 

2 From Distribution, select Normal. 

3 In Mean, enter 0. 

4 In Standard Deviation, enter 1. 

5 Under Shade the area corresponding to the following, select A specified x value. 

6 Click the Left Tail icon, since we want the probability of Z being less than 1.25. In X 

value, type 1.25. 

7 Click OK. 

Below is an alternative way to calculate these probabilities. 

Minitab 19 

1 Choose Calc > Probability Distributions > Normal. 

2 Choose Cumulative Probability. 

3 In Mean, enter 0. In Standard Deviation, enter 1. 

4 Choose Input constant and enter 1.25. Click OK. 

Minitab 19 (Mac) 

1 Choose Calc > Probability Distributions > Cumulative Probability. 

2 From Form of input, select A single value. 

3 In Value, enter 1.25. 

4 In Mean, enter 0. In Standard Deviation, enter 1. 

5 Under Output, select Display a table of cumulative probabilities. 

6 Click OK. 

Minitab Express 

1 Open the cumulative distribution function dialog box. 

• Mac: Statistics > Probability Distributions > Cumulative Distribution 

Function 

• PC: STATISTICS > CDF/PDF > Cumulative Distribution Function 

2 From Form of input, select A single value. 

3 In Value, enter 1.25. 

4 From Distribution, select Normal. 
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5 In Mean, enter 0.  

6 In Standard Deviation, enter 1. 

7 Under Output, select Display a table of cumulative probabilities. 

8 Click OK. 

(b) Determining a “greater than” probability: P(Z > 2.07)     

P(Z > 2.07) is the area to the right of 2.07 on the standard normal curve. 

Look up the value z = 2.07 in the table by doing the following:  

• The first two digits of the value, 2.0, are contained on the left hand side of the table.  

• The last decimal place, 7, is shown along the top of the table.  

• The area (probability) in the body of the table is the area to the left of 2.07. Since the 

total area under the curve is 1, the area to the right of 2.07 is approximately 1 – 0.98077 

= 0.01923. 

 

To determine P(Z > 2.07) in, do the following: 
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Minitab 19 

1 Choose Graph > Probability Distribution Plot. 

2 Choose View Probability, then click OK. 

3 From Distribution, choose Normal. 

4 In Mean, type 0. 

5 In Standard Deviation, type 1. 

6 Click the Shaded Area tab. Under Define Shaded Area By, choose X Value. 

7 Click Right Tail, since we want the probability of Z being greater than 2.07. In X value 

type 2.07. 

8 Click OK. 

Minitab 19 (Mac) 

1 Choose Graph > Probability Distribution Plot. 

2 Choose View Probability, then click OK. 

3 From Distribution, choose Normal. 

4 In Mean, type 0. 

5 In Standard Deviation, type 1. 

6 Click the Options. Under Define Shaded Area By, choose X Value. 

7 Click Right Tail, since we want the probability of Z being greater than 2.07. In X value 

type 2.07. 

8 Click OK. 

Minitab Express 

1 Open the display probability dialog box. 

• Mac: Statistics > Probability Distributions > Distribution Plots > Display 

Probability 

• PC: STATISTICS > Distribution Plot > Display Probability 

2 From Distribution, select Normal. 

3 In Mean, enter 0. 

4 In Standard Deviation, enter 1. 

5 Under Shade the area corresponding to the following, select A specified x value. 

6 Click the Right Tail icon, since we want the probability of Z being greater than 2.07. 

7 In X value, enter 2.07. 

8 Click OK. 

(c) Determining a “between” probability: P(0.56 < Z < 1.78) 
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P(0.56 < Z < 1.78) is the area between 0.56 and 1.78 on the standard normal curve. We can write 

this probability as the difference of two “less than” probabilities: P(0.56 < Z < 1.78) = P(Z < 1.78) 

– P(Z < 0.56). We need to look up the values z = 1.78 and z = 0.56 in the standard normal table. 

Look up the value z = 1.78 in the table by doing the following: 

• The first two digits of the value, 1.7, are contained on the left hand side of the table.  

• The last decimal place, 8, is shown along the top of the table.  

• The area (probability) in the body of the table is the area to the left of 1.78, which is 

approximately 0.96246. 

Look up the value z = 0.56 in the table by doing the following:  

• The first two digits of the value, 0.5, are contained on the left hand side of the table.  

• The last decimal place, 6, is shown along the top of the table.  

• The area (probability) in the body of the table is the area to the left of 0.56, which is 

approximately 0.71226. 

 

Subtract P(Z < 0.56) from P(Z < 1.78), which yields 0.96246 – 0.71226 = 0.2502. 

We can check this in Minitab as we did for the previous two parts. Instead of selecting Left Tail 

or Right Tail, we need to select Middle in the Shaded Area menu and type 0.56 for X value 1 

and 1.78 for X value 2.  

Minitab returns the following graph: 
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We can now use the standard normal table to compute any probability associated with a normal 

distribution by using z-scores. The next three examples illustrate this. 

 

Example 4 

The time it takes a cell to divide (called mitosis) is normally distributed with an average of one 

hour and a standard deviation of 5 minutes.  What proportion of dividing times will take less 

than 65 minutes? 

If we let X represent the time for a cell to divide, then X has a normal distribution with mean μ = 

60 minutes and standard deviation  = 5 minutes. The z-score for the time 65 minutes is: 

𝑧 =
65 − 60

5
= 1 

The probability that the cell division time is less than 65 minutes can be found using the normal 

table. 

𝑃(𝑋 < 65) = 𝑃(𝑍 < 1) ≅ 0.84134 

Computing this probability in Minitab, we get the same answer. 
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Example 5 

Our dog Bella has a vertical jumping height that is normally distributed with mean 3 feet and 

standard deviation 0.8 feet. We’re considering training her to become an agility course dog. 

What’s the probability that Bella can jump higher than the 2.4-foot bench in our backyard? 

Let X represent Bella’s jumping height. Then X has a normal distribution with mean μ = 3 feet 

and standard deviation  = 0.8 feet. The z-score for the height 2.4 feet is: 

𝑧 =
2.4 − 3

0.8
= −0.75 

The probability that her jumping height is greater than 2.4 feet can be found by using the 

normal table. 

P(𝑋 > 2.4) = P(𝑍 > −0.75) ≅ 1 − 0.22663 = 𝟎. 𝟕𝟕𝟑𝟑𝟕 

Computing this probability in Minitab, we get the same answer. 
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Example 6 

The time that it takes a driver to react to the brake lights on a decelerating vehicle is critical in 

avoiding rear-end collisions. An article in the journal Cars suggests that reaction time for an in-

traffic response to a brake signal from standard brake lights can be modeled by a normal 

distribution with mean 1.25 seconds and standard deviation 0.46 seconds. What proportion of 

reaction times will be between 1.00 and 1.75 seconds? 

If we let X represent the reaction time, then X has a normal distribution with mean μ = 1.25 

seconds and standard deviation  = 0.46 seconds. The z-scores for the times 1.00 second and 

1.75 seconds are: 

𝑧 =
1.00 − 1.25

0.46
≅ −0.54  and  𝑧 =

1.75 − 1.25

0.46
≅ 1.09 

The probability that the reaction time is between 1 and 1.75 seconds can be found using the 

normal table. 

𝑃(1 < 𝑋 < 1.75) = 𝑃(𝑋 < 1.75) − 𝑃(𝑋 < 1) = 𝑃(𝑍 < 1.09) − 𝑃(𝑍 < −0.54) ≅ 0.86214 − 0.29460
= 𝟎. 𝟓𝟔𝟕𝟓𝟒 

Computing this probability in Minitab, we get a slightly more accurate answer than provided by 

the normal table. 
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Inverse Normal Calculations 

Examples 4 – 6 use the normal distribution to find the proportion (probability) of observations 

for a given event, such as “reaction time to brake lights between 1 and 1.75 seconds.”  

• We may want to go “backwards” and compute the observed value x corresponding to a 

certain proportion, such as the proportion of reaction times to brake lights that are more 

than 2 seconds. 

• We’ll need to work in the opposite direction with the normal table: 

o Use the proportion, which is inside the normal table, to find its corresponding z-

score. 

o Transform the z-score back to the original x scale (when applicable). 

 

Example 7 

What z-score corresponds to the proportion 0.1 in the left tail of a standard normal distribution? 

Drawing a picture of the normal distribution with the corresponding proportion is a good way to 

start. 
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To determine the z-score using the normal table, look in the body of the normal table for the 

value closest to 0.1. It is z = -1.28. 

 

Example 8 

What z-score corresponds to the proportion 0.15 in the right tail of a standard normal 

distribution? 

 

Since we are determining a right tail proportion, determine the z-score in the normal table 

corresponding to 1 – 0.15 = 0.85. Looking in the body of the normal table for the value closest 

to 0.85 gives us z = 1.04. 
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Let’s now determine the x value for any normal distribution with mean μ and standard deviation 

. In addition to using the normal table as we did in Examples 7 and 8, we have to add a step 

and transform the z-score back to the original x scale. 

 

Example 9 

Mensa (from the Latin word “mind”) is an international society devoted to intellectual pursuits. 

Any person who has an IQ in the upper 2% of the general population is eligible to join. Assume 

that IQs are normally distributed with  = 100 and σ = 15. What is the lowest IQ that will qualify 

a person for Mensa?  

Let X represent a person’s IQ score. We are trying to determine the x value shown in the graph 

below. 

 

• Since we are using a right-tail proportion, determine the z-score in the normal table 

corresponding to 1 – 0.02 = 0.98. Looking in the body of the normal table for the value 

closest to 0.98 gives us z = 2.06. 

• Now we need to “unstandardize” the z-score back to the original x (IQ) scale. We know 

that x must satisfy the following equation: 

𝑥 − 100

15
= 2.06 

• Solving this equation for x gives us an IQ score of 130.9. 

𝑥 − 100 = 2.06 ∙ 15 
 

𝑥 = 100 + 2.06 ∙ 15 
 

𝑥 = 130.9 
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To determine this value in Minitab, do the following: 

Minitab 19 

1 Choose Graph > Probability Distribution Plot. 

2 Choose View Probability, then click OK. 

3 From Distribution, choose Normal. 

4 In Mean, type 100. 

5 In Standard Deviation, type 15. 

6 Click the Shaded Area tab. Under Define Shaded Area By, choose Probability. 

7 Click Right Tail, since we want the x value corresponding to 0.02 in right tail. In 

Probability, type 0.02. 

8 Click OK. 

Minitab 19 (Mac) 

1 Choose Graph > Probability Distribution Plot. 

2 Choose View Probability, then click OK. 

3 From Distribution, choose Normal. 

4 In Mean, type 100. 

5 In Standard Deviation, type 15. 

6 Click the Options. Under Define Shaded Area By, choose Probability. 

7 Click Right Tail, since we want the x value corresponding to 0.02 in right tail. In 

Probability, type 0.02. 

8 Click OK. 

Minitab Express 

1 Open the display probability dialog box. 

• Mac: Statistics > Probability Distributions > Distribution Plots > Display 

Probability 

• PC: STATISTICS > Distribution Plot > Display Probability 

2 From Distribution, select Normal. 

3 In Mean, enter 100. 

4 In Standard Deviation, enter 15. 

5 Under Shade the area corresponding to the following, select A specified probability. 

6 Click the Right Tail icon. This option shows the x value corresponding to 0.02 in the right 

tail. 

7 In Probability, enter 0.02. 

8 Click OK. 

Minitab determines a slightly more accurate value of x = 130.8. 
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Example 10 

Suppose that the lifetime of a given type of light bulb can be modeled by a normal distribution 

with mean 1000 hours and standard deviation 100 hours. Determine the lifetime such that 90% 

of light bulbs surpass it. 

Let X represent the lifetimes of these light bulbs. 

• Since we are determining a right tail proportion, determine the z-score in the normal 

table corresponding to 1 – 0.90 = 0.10. Looking in the body of the normal table for the 

value closest to 0.10 gives us z = -1.28. 

• Now we need to “unstandardize” the z-score back to the original x (lifetime of bulb) 

scale. We know that x must satisfy the following equation: 

𝑥 − 1000

100
= −1.28 

• Solving this equation for x gives us a lifetime of 872 hours. 

Using Minitab and the instructions for Example 9, we obtain x = 871.8 hours. 
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Using the Standard Normal Distribution Table 

The graph below depicts how to interpret the standard normal distribution tables provided on 

the following pages.  
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