1.5 - Normal Distribution
Curriculum Outcomes:

C17
solve problems using graphing technology
F2
demonstrate an understanding of concerns and issues that pertain to the collection of data (optional)

F5
use statistical summaries, draw conclusions, and communicate results about distributions of data

F12
explore measurement issues using normal curve

F13
calculate and apply mean and standard deviation, using technology, to determine if a variation makes a difference

Normal Distribution and Frequency Polygons

A frequency polygon is the shape that is formed when the centres of the tops of the intervals of a histogram are joined with straight lines. A frequency polygon is used to compare the distribution of groups of data. The distribution is extended one unit before the smallest recorded data and one unit beyond the largest recorded value.

Example 1: The heights of nineteen girls were recorded in the following frequency table. Draw a histogram and a frequency polygon.
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	Height (cm)
	Frequency

	150 - 160
	4

	160 - 170
	3

	170 - 180
	7

	180 - 190
	3

	190 - 200
	2
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Example 2: The heights of 89 girls were recorded in the following frequency table. Draw a histogram and a frequency polygon.


	Height (cm)
	Frequency

	150 - 160
	9

	160 - 170
	22

	170 - 180
	30

	180 - 190
	20

	190 - 200
	8




As the number of data values increased, the data clustered around the mean and median of the data. The mean and median are in the interval of 170 – 180. The polygon is taking the shape of a bell curve which denotes normal distribution.

Large Distributions and the Normal Curve

If you were to toss a fair coin 100 times, you would expect the coin to land on heads close to 50 times. However, heads may have appeared only 30 times. These results could be displayed by drawing a histogram. The procedure could be repeated by 100 of your friends and all of the results could then be displayed in a histogram. As the number of data values increase, the graph of the results starts to resemble a bell-shaped curve.



This type of dispersion of data is normal distribution. The mean and median are distributed evenly on both sides of the mean of the data. The mean and the median are very close. If the data is normally distributed, the values less than the mean and those greater than the mean will be equal. The greater number of values will be found near the mean. The distribution of the data values is shown in this curve.


Normal Distribution Curve:

→ Approximately 68% of all data lies within 1 σ on both sides of the mean (M). 

→ Approximately 95% of all data lies within 2 σ on both sides of the mean (M). 

→ Approximately 99.7% of all data lies within 3 σ on both sides of the mean (M). 

Example 3: 95% of all cultivated strawberry plants grow to a mean height of 11.4 cm with a standard deviation of 0.25 cm.

a) If the growth of the strawberry plant is a normal distribution, draw a normal curve showing all the values.

b) If 225 plants in the greenhouse have a height between 11.15 cm and 11.65 cm, how many plants were in the greenhouse?

c) How many plants in the greenhouse would we expect to be shorter than 10.9 cm?

Solution 3:


b) 68% of the plants have a height between 11.15 cm and 11.65 cm.

               0.68 (x) = 225


            x = 
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            x = 331

     Therefore there were 331 strawberry plants in the greenhouse.

c) 99.7% - 95% = 4.7%
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331 × 0.0235 = 8 plants

Therefore, eight plants in the greenhouse would be shorter than 10.9 cm.

Exercises:

1. A survey was conducted at a local high school to determine the number of hours that a student studied for the final Math 10 exam. To achieve a normal distribution, 325 students were surveyed. The results showed that the mean number of hours spent studying was 4.6 hours with a standard deviation of 1.2 hours.

a. Draw a normal curve showing all the values.

b. How many students studied between 2.2 hours and 7 hours?

c. What percentage of the students studied for more than 5.8 hours?

d. Harry noticed that he scored a mark of 60 on the Math 10 exam but had studied for ½ hour. Is Harry a typical student? Explain.

2. The players on the school basketball teams in the province have a mean height of 182 cm with a standard deviation of 3 cm. (assume normal distribution).

a. What percentage of the players are taller than 176 cm?

b. What percentage of the players are shorter than 185 cm?

c. If the province has 452 players, how many are taller than 179 cm?

d. How many players have heights between 176 cm and 188 cm?

3. The average life expectancy for a dog is 10 years 2 months with a standard deviation of 9 months. 

a. If a dog’s life expectancy is a normal distribution, draw a normal curve showing all values.

b. What would be the lifespan of almost all dogs? (99.7%)

c. In a sample of 825 dogs, how many dogs would have life expectancy between 9 years 5 months and 10 years 11 months?

d. How many dogs, from the sample, would we expect to live beyond 10 years 11 months?

4. Ninety-five percent of all Marigold flowers have a height between 10.9 cm and 11.9 cm and their height is normally distributed.

a. What is the mean height of the Marigolds?

b. What is the standard deviation of the height of the Marigolds?

c. Draw a normal curve showing all values for the heights of the Marigolds.

d. If 208 flowers have a height between 11.15 cm and 11.65 cm, how many flowers were in our sample.

e. How many flowers in our sample would we expect to be shorter than 10.9 cm?

Answers: 
1. a.

b. 95% of students = 0.95 × 325 students = 308 students

Therefore 308 students studied between 2.2 and 7 hours.

c. ½ (99.7 % - 68 %) = ½ (31.7 %)

                              = 15.85 %

15.85 % of the students studied longer than 5.8 hours. 

d. Harry is not a typical student. The mean is 4.6 hours, therefore the majority of students studied more than 4 hours more than Harry did for the exam. Harry is lucky to have received a 60% on the exam.

2. This exercise will be simplified by representing the data in a normal curve.



a. The percentage of players taller than 176 cm is 97.35%.

(68% + 13.5% + 13.5% + 2.35% = 97.35%) 

b. The percentage of players shorter than 185 cm is 83.85%.

(68% + 13.5% + 2.35% = 83.85%) 

c. The number of players taller than 179 cm is 379.

68% + 13.5% + 2.35% = 83.85%

0.8385 × 452 = 379

d. The number of players that have heights between 176 cm and 188 cm is 429.

68% + 13.5% + 13.5% = 95%

0.95 × 452 = 429

3. a.

b. Almost all dogs have a life span of 7 years 11 months to 12 years 5 months.

c. 34% + 34% = 68%

0.68 × 825 = 561

In a sample of 825 dogs, 561 would have a life expectancy between 9 years 5 months to 10 years 11 months.

d. 13.5% + 2.35% = 15.85%

0.1585 × 825 = 130.76

In a sample of 825 dogs, 130 would have a life expectancy of more than 10 years 11 months.

4. a.    mean = 
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mean = 11.4 

Therefore the mean height of the Marigolds is 11.4 cm.

          b. From 11.4 to 10.9 = 2σ.

                 2σ = 11.4 – 10.9


     2σ = 0.5


     σ = 0.25


        c. 


d. 68% = 0.68

0.68 (x) = 208
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x = 305.8


x = 306

Therefore there are 306 flowers in the sample.

e.  2.35% = 0.235

0.0235 × 306 = 7

Therefore 7 flowers would be shorter than 10.9 cm.
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