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Normal Distributions 

Reporting Category Statistics 

Topic Analyzing and using the standard normal curve 

Primary SOL AII.11 The student will identify properties of a normal distribution and 

apply those properties to determine probabilities associated with 
areas under the standard normal curve.  

Related SOL A.9 

Materials 
 Graphing calculators 
 Normal curve graph paper 
 Seven attached handouts 

Vocabulary 

mean, median, mode, standard deviation, z-score, probability, quartile (earlier grades) 

normal distribution, normal curve, percentile, area under a curve, probability density function, 
discrete vs. continuous data (AII.11) 

Student/Teacher Actions (what students and teachers should be doing to facilitate learning) 

1. Distribute copies of the attached Statistics Review handout, and have students complete it 
individually or in pairs. When they are finished, have the whole class discuss the problems. 
(Note: This activity reviews critical concepts necessary for understanding and interpreting 

normal distributions and problems associated with them; therefore, a thorough discussion 
of the results is important.)  

2. Distribute copies of the attached Normal Distribution Explorations 1 handout, and have 
students work in small groups to discuss and complete it. When students are finished, have 

the whole class discuss the problem. (Note: This problem connects discrete data and a 
histogram with the normal curve. Emphasis should be placed on interpreting the meaning 

of the height of each bar and the sum of the heights of all the bars.) 

3. Distribute copies of the attached Normal Distribution Explorations 2 handout. Because the 
analysis along with reading a z-table is new, have students participate in a whole-class 
activity to complete it. (Note: This activity focuses on finding area under a normal curve 
and interpreting the associated probability. The exercise can be done with the attached 

Standard Normal Probabilities Tables or a calculator.) 

4. Review the properties of normal curves and the empirical or 68-95-99.7 rule related to how 
data is position in a normal distribution. Then, distribute copies of the attached Normal 
Distribution Exercises and Normal Distribution Practice handouts, and have students use 

the practice handout to complete the exercises. 

5. Distribute copies of the attached Normal Distribution Explorations 3 handout, and have 
students work in pairs to complete it, discussing strategies they might use to identify the 
mean and standard deviations for each graph. 
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Assessment 
 Questions 

o What are some ways area under a standard normal curve is interpreted? 

o Why is the area under a normal curve equal to one? 
 Journal/Writing Prompts 

o Explain what kinds of things you would look for in a data set that would indicate 
that the set is normally distributed. Provide examples, and explain your rationale. 

o Describe a z-score in your own words. 

Strategies for Differentiation 
 Teach this topic over a longer period of time, using smaller amounts of information in each 

lesson. 
 Create a human line plot according to students’ heights , and discuss how “normal” it is. 

 Have students create and use flash cards with vocabulary on one side and descriptions or 
pictures on the other. 

 Use an interactive whiteboard to demonstrate shading under the standard normal curve 
and to model use of a Standard Normal Table. 
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Coin 1 

Coin 4 
Coin 3 

Coin 2 

Statistics Review 
Problem 1 
You are given the data set {13, 10, 2, 2, 4, 12, 8, 6, 5, 9, 11, 14, 11, 8, 5, 8}. 

1. Find the mean, median, and mode. 

2. Add two different data values to the set that will not affect the mean, median, or mode. 

3. Construct a histogram of the data, including the data values you added.  

4. Using a calculator, find the standard deviation of the data set, including the new values. 

5. Which values are within 1 standard deviation of the mean? Are any data values more than 2 
standard deviations from the mean? 

6. Add two more data values, one above and one below the mean, which will increase the 
standard deviation. Calculate the new standard deviation. 

Problem 2 

A z-score indicates the location of a data value relative to the mean in terms of standard deviation 
units. You are given a data set with a mean of µ = 10 and a standard deviation of σ = 2. 

1. Why would a data value of 12 have a z-score of 1? Why would a data value of 8 have a z-score 
of −1? 

2. What z-score would be assigned to 6? To 14? To 5? To 20? 

3. What data value would have a z-score of −3? Of 4? Of 0? Of 2.5? 

4. Write a formula to determine the z-score for any value, x, in this data set. 

Problem 3 
An experiment consists of flipping four coins and recording the number of heads.  

1. Complete the table of possible outcomes 
shown at right. 

2. Are all outcomes equally likely? Why, or 
why not? 

3. What is the probability of getting THHT? 
Of getting TTHH? Of getting HHHH? 

4. What is the probability of getting exactly 
4 heads? Of getting 2 heads and 2 tails? 

Of getting 1 head and 3 tails? 

5. What is the sum of all the probabilities? 
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Normal Distribution Exploration 1 
Problem 
What is normal? What makes normal curves different? If you flip 10 coins 1,024 times, what is the 
total number of times you will get heads? You can test this if you want, but let’s first focus on the 
theoretical probabilities. Using combinations, we can obtain the expected values and theoretical 
probabilities shown in the table. 

Number of heads 
Expected frequency 
value out of 1,024 

Theoretical 
probability 

Percent likelihood 

0 1 
1

1024
 

 

1 10 
10

1024
 

 

2 45 
45

1024
 

 

3 120 
120

1024
 

 

4 210 
210

1024
 

 

5 252 
252

1024
 

 

6 210 
210

1024
 

 

7 120 
120

1024
 

 

8 45 
45

1024
 

 

9 10 
10

1024
 

 

10 1 
1

1024
 

 

 

1. What is the sum of all the probabilities?________ 

2. Complete the percent likelihood by converting the theoretical probability to a decimal. 

3. What observations can you make about the data in the table so far? 
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4. On the axis below, complete the histogram of the theoretical probability for each number of 

heads. 
 

 
 
 
 
 
 
 

 
 

 
 

 
 

 
 

 

5. Draw a point at the midpoint of the top of each bar. 

6. Connect the data points with a smooth curve  

7. What do you observe about the graph’s shape? 
 

8. What do you observe about the graph’s symmetry? 
 

9. What do you observe about the graph’s highest point? 
 

10. What do you observe about the graph’s mean/median/mode probability? 
 

11. In the box below, read about the characteristics of a normal curve, and then describe how the 
curve you drew compares to a normal curve. 

 
 
 
 
 

 

 

The graph of a normal distribution is a normal curve. 
Every normal curve has the following characteristics: 
 The mean, median, and mode are equal. 
 They are bell-shaped and symmetrical about the mean. 
 The curve never touches the x-axis, but it comes closer to the x-axis as it gets farther from 

the mean. 
 The total area under the curve is equal to 1. 

0 1 2 3 4 5 6 7 8 9 

Number of Heads 

1024

252
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Normal Distribution Exploration 2 
Problem 1 
The table at right shows the heights of all fourth-grade students in a 
particular school, and the frequency of each height. 

1. Construct a histogram of the data on the axis below. 
 

 
 

 
 

 
 

 
 

 
 

2. What percentage of the students is shorter than 135 cm?   

3. What is the probability that the height of a randomly selected student would be greater than 
132 cm but less than 138 cm?   

4. How many fourth-grade students are represented in the data?   

5. What is the mean height of the data set?   

6. Does the data appear to be normally distributed? ______ Why, or why not? 
 

Problem 2 
The graphs below reflect the number of pets veterinarians own. The value associated with each 
bar represents the fraction of veterinarians with that many pets.

Height (cm) Frequency 

130 2 

131 7 

132 9 

133 20 

134 38 

135 18 

136 12 

137 10 

138 5 
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Shade the bars representing owning more 
than or equal to 5 pets. What fraction of 
owners has 5 or more pets?   

Shade the bars representing owning more 
than 2 but fewer than 7 pets. What fraction 
of owners falls into this group?   
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Normal Distribution Exercises 
 

Represent each of the following distributions on one of the normal distribution graphs found on 
the Normal Distribution Practice sheet. For each, show three standard deviations to the left and 

three standard deviations to the right of the mean. 
 

1. A normal distribution with a mean of 7 and a standard deviation of 2.  

2. A normal distribution with a mean of 500 and a standard deviation of 100.  

3. The weights of cattle at the fair this year were normally distributed with a mean of 800 lbs. and 
a standard deviation of 65 lbs. 

4. The amount of time a middle school student studies per night is normally distributed with a 
mean of 30 minutes and a standard deviation of 7 minutes.  

5. The length of hair of a private in the army is normally distributed with a mean of 1 cm and a 
standard deviation of 0.3 cm. 

6. The length of wear on Spinning Tires is normally distributed with a mean of 60,000 miles and a 
standard deviation of 5,000 miles. Shade the region under the curve that represents the 
fraction of tires that last between 50,000 miles and 70,000 miles. What fraction of tires does 
that represent? 

7. The number of crackers in a box of Crackerbox Crackers is normally distributed with a mean of 

75 and a standard deviation of 2. Shade the region under the curve that represents the 
probability that a box has between 73 and 77 crackers. What is that probability?  

8. The length of time it takes to groom a dog at Shaggy’s Pet Shoppe is normally distributed with 
a mean of 45 minutes and a standard deviation of 10 minutes. Shade the region under the 
curve that represents the percent of dog grooming times between 55 and 65 minutes. What is 
that percent? 

 
 

Complete the following problems: 

1. The College of Knowledge gives an admission qualifying exam. The results are normally 

distributed with a mean of 500 and a standard deviation of 100. The admissions department 
would like to accept only students who score in the 65th percentile or better. Complete the 

chart below, and then determine which students would qualify and what score is associated 
with the 65th percentile. Which students qualify for admission? 

Student score z-score Percentile 

530   

570   

650   

800   

540   
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2. The MP3 player, aPod, made by Mango Corp., has an average battery of 400 hours. Battery life 
for the aPod is normally distributed with a standard deviation of 25 hours. The MP3 player, 
PeaPod, made by Pineapple Inc., has an average battery life of 390 hours. The distribution for 

its battery life is also normally distributed with a standard deviation of 30 hours.  
 Find the z- scores for each battery with lives of 250, 350, 410, and 450 hours.  
 Which battery lasting 410 hours performed better? 
 What percent of aPod batteries last between 375 and 410 hours? 
 What percent of PeaPod batteries last more than 370 hours? 

 

3. The braking distance for a Krazy-Car traveling at 50 mph is normally distributed with a mean of 

50 ft. and a standard deviation of 5 ft. Answer the following without using a calculator or a 
table. 

 What is the likelihood a Krazy-Car will take more than 65 ft. to stop? 
 What is the probability a Krazy-Car will stop between 45 ft. and 55 ft.? 

 What percent of the time will a Krazy-Car traveling at 50 mph stop between 35 and 55 ft.? 
 What is the probability a Krazy-Car will require less than 50 ft. or more than 60 ft. to stop? 
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Normal Distribution Practice
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Normal Distribution Exploration 3 
Finding Area under a Normal Curve 
Areas can be found under a normal 
curve by using the 68-95-99.7 rule if 
the areas are bounded at places where 
an exact standard deviation occurs. 
Areas that are not bounded at specific 
standard deviation units can be found 

by using a calculator or a z-table. 

Problem 1 
A corn chip factory packs chips in bags with normally distributed weights with a mean of 12.4 oz. 
and a standard deviation of 0.15 oz.  

1. On the graph at right, label the mean and three 
standard deviations above and below the 
mean. 

2. Shade the region that indicates the percentage 

of bags that contain less than 12.64 oz. 

3. Determine the z-score corresponding to 12.64, 

using the formula z-score = 
σ

μx
. 

 
 

4. Use the Standard Normal Probabilities Table to find the area associated with the z-score 

obtained in 3, and interpret your result.  
 

 
 

5. On the graph at right, label and shade the 
region that represents the likelihood a bag will 
contain between 12.1 and 12.76 oz.  

6. Calculate the z-scores corresponding to both 
12.1 and 12.76, and find the Standard Normal 
Probabilities for each, using a calculator or the 

Standard Normal Probabilities Table. 
 

 

7. Explain how you would use those values to determine the probability a bag chosen at random 

will contain between 12.1 and 12.76 oz. 
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Problem 2 

The lengths of adult unicorns’ horns are normally distributed with a mean of 10.1 cm and a 
standard deviation of 1.04 cm. 

1. On the graph at right, label the mean and three 

standard deviations above and below the 
mean. 

2. What percent of adult unicorns have horns 
shorter than 10.1 cm? _______ Longer than 

10.1 cm? ______ Exactly 10.1? ______ (For this 
one, you need to create this normal curve on 
your calculator and find the value of y when x = 
10.1. Your teacher may help.) 

 
 

3. On the graph at right, shade the region that 
represents the probability of a unicorn’s horn 

being longer than 9 cm. Calculate the area of 
that region by finding the appropriate z-score 

and using the Standard Normal Probabilities 
Table or a calculator. Interpret your result. 

 
 
 
 

4. On the graph at right, shade the region that 

represents the probability of unicorn’s horn 
being longer than 10.5 cm or less than 9.5 cm. 

Calculate the area of the associated regions by 
finding the appropriate z-score and using the 

Standard Normal Probabilities Table or a 
calculator. Interpret your result. 

 
 
 

5. Challenge: In order for a unicorn to be 
admitted to college, her horn must be in the 

75th percentile. That means 75% of the 
unicorns must have horns shorter than hers. 

On the graph at right, shade the region 
representing this area, and determine the 
value associated with the 75th percentile. 
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Problem 3 

Graph each of the following normal curves in the same viewing window on a graphing calculator.  
The mean is either 7, 8, 9, or 10. The standard deviation is either 1, 1.5, 2, or 2.5. 

Use this information to determine the mean and standard deviation of each graph. Check your 

answers on the viewing window: 
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μ =  σ = 
 

μ =  σ = 
 

μ =  σ = 
 

μ =  σ = 
 

μ =  σ = 
 

μ =  σ = 
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Standard Normal Probabilities Tables 
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