Chapter 2: Modeling Distributions of Data: The Normal Model

Name:______________________________Section 2.1:  Describing Location in a Distribution
Vocabulary:
Percentile:  

*Percentiles should never be confused with percent correct!
**Percentiles should always be whole numbers, so round to the nearest integer if you happen to get a decimal.
Percentile Example 1:  Wins in Major League Baseball

The stemplot below shows the number of wins for each of the 30 Major League Baseball teams in 2009.  
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[image: image37.png]2. For the density curve shown in Question 1, which statement is true?
(a) The mean is greater than the median
(b) The mean is less than the median.
(¢) The mean and median are equal
(d) The mean could be either greater than or less than the median
(e) None of the above is correct.
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Problem: Find the percentiles, using complete sentences, for the following teams:

(a) The Colorado Rockies, who won 92 games._____________________________________________________________________________.

(b) The New York Yankees, who won 103 games.______________________________________________________________________________

__________________________________________________________________________________.
(c) The Kansas City Royals and Cleveland Indians, who both won 65 games.______________________________________________________________________________
____________________________________________________________________________________.
Cumulative Relative Frequency Graphs: graphs we can make using percentile data.  When making an uber table, we need 3 more columns, one each for relative frequency, cumulative frequency, and cumulative relative frequency. (See pg. 86 for exact instructions if necessary.)
Here is an Example of the table you might need to create from data:  
State Median Household Incomes

Here is a table showing the distribution of median household incomes for the 50 states and the District of Columbia.  

	Median

Income

($1000s)
	Frequency
	Relative

Frequency
	Cumulative

Frequency
	Cumulative

Relative

Frequency

	35 to < 40
	1
	1/51 = 0.020
	1
	1/51 = 0.020

	40 to < 45
	10
	10/51 = 0.196
	11
	11/51 = 0.216

	45 to < 50
	14
	14/51 = 0.275
	25
	25/51 = 0.490

	50 to < 55
	12
	12/51 = 0.236
	37
	37/51 = 0.725

	55 to < 60
	5
	5/51 = 0.098
	42
	42/51 = 0.824

	60 to < 65
	6
	6/51 = 0.118
	48
	48/51 = 0.941

	65 to < 70
	3
	3/51 = 0.059
	51
	51/51 = 1.000


Example 2:  State Median Household Incomes

Here is the cumulative relative frequency graph for the income data.  The point at (50,0.49) means 49% of the states had median household incomes less than $50,000.  The point at (55, 0.725) means that 72.5% of the states had median household incomes less than $55,000.  Thus, 72.5% - 49% = 23.5% of the states had median household incomes between $50,000 and $55,000 since the cumulative relative frequency increased by 0.235.   Due to rounding error, this value is slightly different than the relative frequency for the 50 to <55 category.  

[image: image1.emf]0.0

0.2

0.4

0.6

0.8

1.0

35 40 45 50 55 60 65 70

Median_Household_Income

Collection 2 Line Scatter Plot


Alternate Example: State Median Household Incomes

Problem: Use the cumulative relative frequency graph for the state income data to answer each question.

(a) At what percentile is California, with a median income of $57,445? ____________________________________________________________________________________

______________________________________________________________.
(b) Estimate and interpret the first quartile of this solution.
_____________________________________________________________________________

_______________________________________________________________. (This will just be an estimate, don’t be scured!)
Vocabulary:
Standardizing:__________________________________________________________
Standardized value (z-score):

_________________________________________________________________
How do we find the standardized value or z-score?

What do positive z-scores mean?_________________________________________

What do negative z-scores mean?_________________________________________

Lets use all we have learned to Transform Data: (Shifting and Rescaling Data) 

Say these are some scores from our last test:  50, 60, 70, 80, 90


Find the following:
Mean





Median





Standard Deviation





Interquartile Range





Range

We decide to add 5 points to each of the original test scores.


Find the following:
Mean

[image: image38.png]1. For the density curve shown, which statement is true?
(a) The density curve is Normal
(b) The density curve is skewed right.
(c) The density curve is skewed left
(d) The density curve is symmetric
(2) None of the above is correct.









Median





Standard Deviation





Interquartile Range





Range

Instead, let’s say we added 10% to each of the original test scores.


Find the following:
Mean





Median





Standard Deviation





Interquartile Range





Range

In General:
· Adding or subtracting a constant_______________________to the measures of center and location.
· How are the shape of the distribution or measures of spread affected?_________________

· Multiplying or dividing by a constant_________________________measures of center and location by the constant.
· Multiplying or dividing by a constant multiplies or divides measures of______________ by |b|

· The shape of the distribution does/does not change.
Example:  A town’s January high temperatures average 36°F with a standard deviation of 10°F, while in July the mean high temperature is 74°F and the standard deviation is 8°F.  In which month is it more unusual to have a day with a high temperature of 55°F?  Explain how you know.
Example:  A town’s January high temperatures average 36°F with a standard deviation of 10°F, while in July the mean high temperature is 74°F and the standard deviation is 8°F.  What is more unusual, 51°F in January or 86°F in July?  Explain how you know.
Vocabulary:

Density Curves: Curves that:                 
· Always__________________________________________________________
· Area is _________________________________________________________
· Mean of a density curve_____________________________________________
· Median of a density curve____________________________________________

[image: image2] A density curve describes the overall pattern of a distribution.  The area under the curve and above any interval of values on the horizontal axis is the proportion of all observations that fall in that interval.


[image: image3]
· Recall that the mean and median of a symmetric density curve are equal!!

· Mean of a right-skewed density curve is pulled to the________________.

· Mean of a left-skewed density curve is pulled to the ________________.

*Note: we use Greek letters for ‘true’ value of the numerical summary and non-Greek letters to represent the estimated value of the numerical summary.
Quick Practice.
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Section 2.2:  Normal Distributions
Vocabulary:

Normal distributions:____________________________________________________________________________________________________________________________________

Normal curve:__________________________________________________________________________________________________________________________________________

Normal Models and the 68-95-99.7 Rule: In the Normal distribution with mean µ and standard deviation σ:
· Approximately 68%___________________________________________________
· Approximately 95%___________________________________________________
· Approximately 99.7%_________________________________________________
In general:
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Example 1:  Companies who design furniture for elementary school classrooms produce a variety of sizes for kids of different ages.  Suppose the heights of kindergarten children can be described by a Normal model with a mean of 38.2 inches and standard deviation of 1.8 inches.  This can also be written as N(38.2, 1.8).
Draw the model using the 68-95-99.7 Rule:
[image: image8.jpg]



In what height interval should the company expect to find the middle 95% of kindergarteners?

What fraction of kindergarten kids should the company expect to be less than 36.4 inches?

What fraction of kindergarten kids should the company expect to be more than 43.6 inches?
What is the median height?
Extra Practice:

[image: image9.emf]
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Standard Normal Model
What is it?
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How to use a table:[image: image12.jpg]Table entry is
area to left of z.





How to use the calculator:

What percent of a standard Normal model is found in each region?

a) z > 1.5


[image: image13]
b) z < 2.25
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c) -1 < z < 1.15
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d)  |z| < 1.28
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Working Backwards - What to do when given a %

You have to draw a picture!!!

Using the table:

Using the calculator:
In a standard Normal model, what value(s) of z cut(s) off the region described?

a) the highest 20%
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b) the highest 85%
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c) the lowest 3%

[image: image19]
d) the middle 90%

[image: image20]
Example 2: The Virginia Cooperative Extension reports that the mean weight of yearling Angus steers is 1152 pounds.  Suppose that weights of all such animals can be described by a Normal model with a standard deviation of 84 pounds.
a) What percent of steers weigh over 1250 pounds?

b) What percent of steers weigh less than 1200 pounds?

c) What percent of steers weigh between 1000 and 1100 pounds?

d) How much must a steer weigh to be in the highest 10% of the weights?

e) How much must a steer weigh to be in the lowest 20% of the weights?
f) How much must a steer weigh to be in the middle 40% of the weights?

g) What weight represents the 40th percentile?

h) What weight represents the 99th percentile?

i) What’s the IQR of the weights of these Angus steers?
Finding the Standard Deviation (and Mean)
Example 3:  Hens usually begin laying eggs when they are about 6 months old.  Young hens tend to lay smaller eggs, often weighing less than the desired minimum weight of 54 grams.

a) The average weight of the eggs produced by the young hens is 50.9 grams, and only 28% of their eggs exceed the desired minimum weight.  If a Normal model is appropriate, what would the standard deviation of the egg weights be?


[image: image21]
b) By the time these hens have reached the age of 1 year, the eggs they produce average 67.1 grams, and 98% of them are above the minimum weight.  What is the standard deviation for the appropriate Normal model for these older hens?

[image: image22]
c) Are egg sizes more consistent for the younger hens or the older ones?  Explain.

d) A certain poultry farmer finds that 8% of his hens’ eggs are underweight and that 12% weigh over 70 grams.  Estimate the mean and standard deviation of his hens’ eggs.

[image: image23]
Example 4:  A machine that fills cans with soda fills according to a Normal model with mean 12.1 ounces and standard deviation 0.05 ounces.
a) If the cans claim to have 12 ounces of soda each, what percent of cans are under-filled?


[image: image24]
b) Management wants to ensure that only 1% of cans are under-filled.  If the mean fill of the cans remains at 12.1 ounces, what standard deviation does the filling machine need to have to achieve this goal?

[image: image25]
c) Management wants to ensure that only 1% of cans are under-filled.  If the standard deviation is to remain at 0.05 ounces, what mean does the filling machine need to have to achieve this goal?

[image: image26]
d) What percent of cans are filled with the correct amount or more?
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Assessing Normality

Here are the lengths in feet of 44 great white sharks:

18.7
12.3
18.6
16.4
15.7
18.3
14.6
15.8
14.9
17.6
12.1
19.1
16.2
22.8
16.8
16.4
16.7
17.8
16.2
12.6
17.8
13.8
12.2
15.2
14.7
12.4
13.6
13.2
15.7
19.7
13.2
15.8
14.3
16.6
9.4
18.2
13.2
13.6
15.3
16.1
13.5
18.7
13.2
16.8
Make a graphical display of the data and describe the distribution of these shark lengths.
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Use the 68-95-99.7 Rule to see if the distribution is approximately normal.
Explain why the distribution does or does not follow a normal model.

Normal Probability Plots: Are used to determine if the distribution of data is Normal.  If the plot is roughly diagonal straight line, then the distribution is Normal.  If there are deviations from the straight line, that indicates a distribution that is not Normal. Outliers appear as points that are far away from the overall pattern of the plot.
How to make the plot in our calculators (yay for TI’s!):
· Enter data into L1
· Turn on STATPLOT

· Choose the Normal Probability Plot which is the last of the icons of the type.

· Choose the list and the axis you want the data on. Usually Y.  It helps to tell that positive z-scores are on the right and negative z-scores are on the left.
· Specify the Mark you want to use (squares, dots or circles).

· Press ZoomStat and the calculator does the rest.
More Examples
Example 5: Here are some of the summary statistics for the weekly payroll of a small company:  

Mean = $700, Standard Deviation = $400.  Median = $500, IQR = $600.  Min = $300, Max = $1500


Suppose business has been good and the company gives every employee a $30 raise on top of a 13% 
raise.  Employees can use the following formula:  New salary = 1.13(Old Salary) + 30.


Find the following:

Mean = 
    Standard Deviation =      
        Median = 
           IQR =                 Range = 

Example 6: Say the life expectancy for snails in a population of 5000 snails is approximately normally distributed with mean 765 days and standard deviation 23 days.  Find the shortest interval that contains approximately 3000 snails’ life expectancies.
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Example 7: The distribution of the weights of a particular variety of apples is approximately normal with a standard deviation of 0.6 ounces.  How does the weight of an apple in the 75th percentile compare with the mean weight?

[image: image29]
Example 8: The weights of a population of adult male gray whales are approximately normally distributed with a mean weight of 18,000 kilograms and a standard deviation of 4,000 kilograms.  The weights of a population of adult male humpback whales are approximately normally distributed with a mean weight of 30,000 kilograms and a standard deviation of 6,000 kilograms.  A certain adult male gray whale weights 28,000 kilograms.  This whale would have the same standardized weight (z-score) as an adult humpback whale whose weight, in kilograms, is equal to what value?

[image: image30]
Extra practice:
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Key:  5|9 represents a team with 59 wins.





Remember, mean and median, percentiles and quartiles are measures of center and location. Range, Standard Deviation and IQR are measures of spread.
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