4.4 Notes: Measures of Variation

Objectives:
4. Can you determine the range of a data set?
5. Can you determine the variance and standard deviation of a population and of a sample?
6. Can you use the Empirical Rule to interpret standard deviation?

Range: How ?/7-{‘4 w(/ Ou f is the data?
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* The 5/ fferince between the maximum and minimum data entries in the set.
* The datamustbe 4, et Lot/ ve

% Range = Max. data entry — Min. data entry
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Example 1: A corporation hired 10 graduates. The starting salaries for each graduate are shown. Find
the range of the starting salaries.

Starting salaries (1000s of dollars)

mex — r 7] 41 38 39 45 47 41 44 41 37 42
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Deviation: How far is an entry from the /"¢~ ?
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X (Keep in Mind, we will use the Calculator to find Standard deviation, this just lets you know how)

Example 2: Use the starting salaries from example 1 to find the deviations for each entry.
Step 1: Find the sample mean x.

Step 2: Find the deviations: How far is each entry from the mean?
Salary ($1000s), x
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Standard Deviation

A measure of the typical amount an entry deviates from the /1 #¢ v)

The “average” of the deviations (kind of.)

The more the entries are ;7 124 Ou f
deviation. v

Sample standard deviation uses the symbol 5 ;
Population standard deviation uses the symbol g

, the greater the standard
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Variance

Another measure of spread.
It is the value of the standard deviation 5 9 ¢ #,- ¢ 0/

Not as useful to our purposes as standard deviation, because it is not in the same units as our
data list (units 54w e pr-ed instead.)

Used at a higher level in more advanced statistics courses.

Sample variance uses the symbol Y sie

Population variance uses the symbol __ 9~

Formulas for Standard Deviation and Variance

Step 5:

Divide by the number of entries.

Step 5:

Standard Deviation Variance
2 2
= [Z(x-p) 2 _ Z(x—p)
= =,/ o =—
o=\No % N
| Step 1: Find the mean. Step 1: Find the mean.
| Step 2: Find each deviation from the mean. Step 2: Find each deviation from the mean.
| Step 3: Square each deviation. Why? Step 3: Square each deviation. Why?
Step 4: Find the sum of those squares. Step 4: Find the sum of those squares.

Divide by the number of entries.

| Step 6: Square root this value (the variance.)
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: Find the sample mean.

: Find each deviation from the mean.

: Square each deviation. Why?

: Find the sum of those squares.

: Divide by the sample size minus 1.

: Square root this value (the variance.)

Step 1: Find the sample mean.

Step 2: Find each deviation from the mean.
Step 3: Square each deviation. Why?

Step 4: Find the sum of those squares.

Step 5: Divide by the sample size minus 1.

(Keep in Mind, we will use the Calculator to find Standard deviation, this just lets you know how)




Example 3: A corporation hired 10 graduates. The starting salaries for each graduate are shown. Find
the population variance and standard deviation of the starting salaries.
Starting salaries (1000s of dollars)
41 38 39 45 47 41 44 41 37 42

Step 1: Recall p=41.5

Squares: (x -
Step 2: We already found the deviations are as guarcss (xm i)

Salary, x Deviation: x —

O 41 41-41.5=-0.5 (-0.52=,12¢
Step 3: Find the squares of the deviations. 38 38-41.5=-35 (35P=12,e8
Step 4: Fi.n(.i the sum of the squares of the deviations. B 39 4]1.5=-2.5 (-2.5)*=6.25
Step 5: Divide by the number of entries. e = p)
o . g( /{/) Ty B 5-415-35 (.52 = 1225
B e By 4 - Sy BT 5 47| 47-415=55 (5.5 = 3025
Y : I/ AL 41-415=-05 (-0.5%= 025
e e @ [ 4-415-25 @2.57%= 625
Clind il oy e el 5 gt il 4l | 41-415=-05 (-0.5)*=0.25
7 L G o T BaT | 37-415-45 (-4.5%=2025
AL T =
g S« 41.5_ 0.5 (0.5)°= 025
Vo =Y¢es oz 2,97 2 3.0 et i s

(Keep in Mind, we will use the Calculator to find Standard deviation, this just lets you know how)
Example 4: The starting salaries are for the Chicago branches of a corporation. The corporation has
several other branches, and you plan to use the starting salaries of the Chicago branches to estimate the
starting salaries for the larger population. Find the sample standard deviation of the starting salaries.
Starting salaries (1000s of dollars)
41 38 39 45 47 41 44 41 37 42

How is this problem different than Example 3?7 How can we adjust our results to find the sample
standard deviation rather than the population standard deviation?
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Using the TI-83 to find standard deviation and variance:
Step 1: Input your data in a list (STAT, EDIT...)
Step 2: Perform calculations (STAT, CALCULATION, 1-VAR STAT, ENTER)

Office Rental Rates

E le/5: Smf ce rental rates (in dollars per square foot per year) fo
o L ( e peryeat) for 35.00 33.50 | 37.00

Miami’s cen usiness district are shown in the table. Use a calculator to
find the mean rental rate, the standard deviation, and the variance. (Adapted sl s i
from: Cushman & Wakefield Inc.) " | 3650 [ 40.00 | 32.00
39.25 37.50 | 34.75
Note: What type of standard deviation and variance do we want? 37.75 | 3725 | 36.75
il U AR L 27.00 | 3575 | 26.00
37.00 29.00 | 40.50
Fample stavJadt oo utobtn Sy = $,0 GG~ 2450 | 33.00 | 38.00
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Working With Bell-Shaped Distributions:
= Oftendescribedas  VlpV ma [ distributions.
= Symmetrical.
= Area under curve = 1.

Use the information above to predict the shaded area in the normal curves given to you in the 2.4
Activity.

Creating a Diagram Using Mean and Standard Deviation:
For data with a (_ S pr /o) o [ ) bell-shaped distribution, the standard deviation can be
used to separate the data into sections.

Example 2: A math test has a normal distribution, and the mean is 72% with a standard deviation of
6. Draw the distribution. ] (/

4" 6o 66 72 Y7 = U

Empirical Rule (68 — 95 — 99.7 Rule)
For data with Sy me r'c o / distributions, the standard deviation has the following characteristics:

¢ About 68% of the data lie within ( standard deviation of the mean.
*  About 95% of the data lie within 2 standard deviations of the mean.
«  About 99.7% of the data lie within 2 standard deviations of the mean.

< 99.7% within 3 standard

\2

<——95% within 2 standard deviations—>

<— 68% within 1—
standard




Exsample 2: Ina survey conducted by the National Center for Health Statistics, the sample mean
hengh_t of women in the United States (ages 20-29) was 64 inches, with a sample standard deviation of
2.71 inches. Estimate the percent of the women whose heights are befween 64 inches and 69.42 inches.

bla

Step 1: Draw a diagram. fe

Step 2: Use the Empirical Rule
(68 — 95 —99.7 Rule)

397 + 3.£7,
/71 %Lvl',/) G Y -G -1 Fa//

Exa.m.ple 3: 1Q scores for adults have a bell-shaped distribution with a mean of 90 and a standard
deviation of 12. Use the Empirical Rule to find the percentage of adults with scores between 78 and
102.

Step 1: Draw a diagram.
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Unusual Scores: Any score that is more than 2— standard deviations away from the
mean (above OR below) is considered to be unusual andisan_Qv 1 [/« »

Example 4: Use the normal distribution created in #3 to identify which of the following scores, if any,
are unusual and would be considered outliers: 100, 60, 70, 117
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