Chapter 3: Statistics for Describing, Exploring and Comparing Data
***Round-Off Rule—When carrying out computations, do not round until you get your final
answer. Then round the answer to one more decimal place than is present in the original set of
values.

Section 3-2: Measures of Center

Measure of center—a value at the center or middle of a data set
Four measures—mean, mode, median, and midrange

Mean (i or u)—the average of a set of numbers. Add all of the numbers up, and then divide
by the number of numbers. Can be sensitive to extreme values.

Notation:
Z (sigma) is the addition of a set of values

X is the variable usually used to represent the individual data values
n represents the number of values in a sample

N represents the number of values in a population

- X
X = Z— is the mean of a set of sample values
n

X . . .
MU= ZW is the mean of all values in a population

Example— 09231

Mean = X =(0+9+2+3+1)/5= 15

Median—the middle number when the values of a data set are arranged in order. If there are
two numbers in the middle, take the average and that is the median. Note that 50% of the
values are less than or equal to the median, and 50% of the numbers are greater than or equal

to the median.

Arrange the data in order
0 1 2 3 9

Median =2



Mode—the value that occurs most frequently; data sets may be bimodal (two modes),
multimodal (more than two modes), or have no mode at all

Mode = none

Midrange—(highest value + lowest value)/2; very sensitive to extreme values.
Midrange =(9+0)/2=4.5

Using the calculator

To quit:

2" > QUIT (the mode key)

Storing Data in Lists

There are 6 lists: L1 —L6. You can add additional lists if you need them.
To enter data:

STAT - 1 - Enter data, pressing enter after each entry - 2" > QuIT
To calculate statistics:

STAT - CALC - 1-Var Stats - L; - ENTER

To clear L1:

STAT - 1 - up arrow - CLEAR - ENTER

Mean of a Frequency Distribution

Use this formula if the original data values are not known and the data are in a frequency
distribution.

w2 (f2X)
S

Where f = frequency
X = class midpoint



Example: Visitors to Yellowstone National Park consider an eruption of the Old Faithful geyser
to be a major attraction that should not be missed. The given frequency distribution
summarizes a sample of times (in minutes) between eruptions.

Time Frequency Midpoint f*x
40-49 8 44.5 356
50-59 44 54.5 2398
60-69 23 64.5 1483.5
70-79 6 74.5 447
80-89 107 84.5 9041.5
90-99 11 94.5 1039.5
100-109 1 104.5 104.5
D> f =200 D (f-x) =14870

X = 14870/ 200 = 74.35
On the calculator:
STAT = right arrow (CALC) > 152" > 1>, 52" 52
The calculator is programmed to treat the 2" Jist as frequencies.
Distributions

A distribution of data is symmetric if the left half of its histogram is roughly a mirror image of its

right half.

1
Mode = Mean = Median




A distribution of data is skewed if it is not symmetric and extends more to one side than the
other.

Data skewed to the left (or negatively skewed) have a longer left tail and the mean and the
median are to the left of the mode.
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Skewed to the Left
(Negatively)

Data skewed to the right (or positively skewed) have a longer right tail, and the mean and
median are to the right of the mode.
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3-3: Measures of Variation

We'd like to get a measure of the variation of data values (or dispersion, or spread) around the
mean.

Example: Waiting times for banking customers

Salem Bank: 4 7 7
Mulberry Bank: 1 3 14

The average waiting time is X =6 for both banks. However, the waiting times vary much less
for Salem Bank than they do for Mulberry Bank.

Range = highest value — lowest value

Range for Salem Bank: 7—-4=3
Range for Mulberry Bank: 14-1=13

Although the range is easy to compute, a better measure of variation would be one that
includes all of the data values.

Standard deviation — a measure of variation of values about the mean. Values close together

will yield a small standard deviation, whereas values spread farther apart will yield a larger
standard deviation.

> (x-x)°
Sample standard deviation =s = =1
n —

For Salem Bank, the mean was X =6

Now make a table, and calculate the values in the columns.

X X — X (x— X)?
4 4-6=-2 4
7 7—-6=1 1
7 7-6=1 1
Total: 6

> (x-x)*= 6

s=+6/2 =3



sample standard deviation = s = 1.7 minutes

For Mulberry Bank, calculate the sample standard deviation for Mulberry Bank

X X —Xbar (x = xbar)2
1 1-6=-5 25

3 3-6=-3 9

14 14-6=8 64

Total: 98

sample standard deviation = s = 7.0 minutes
Comparing the sample standard deviations, the standard deviation of the times for Salem Bank
is much smaller than the standard deviation of the times for Mulberry Bank.

Standard Deviation of a population,

__ 2
Standard deviation of a population =0 = 1/%

Characteristics of standard deviation:

1. Itis a measure of variation from all values from the mean

2. ltis usually positive. It is zero only when all data values are the same.

3. The presence of outliers can cause a big increase in the standard deviation.

4. The units of standard deviation are the same as the units of the original data values.

Variance of Sample and Population

The variance of a set of values is a measure of variation equal to the square of the standard
deviation.

Sample variance: Square of the standard deviation s.
Population variance: Square of the population standard deviation o

Example: For Salem Bank, the sample variance is 1.7 = 2.89 or 2.9
For Mulberry Bank, the sample variance is 7.0° = 49.0

**Rounding: Carry one more decimal place than is present in the original set of data. Round
only at the end of a calculation.



On the calculator
The TI-83 uses s, for sample standard deviation and o, for the population standard deviation.

STAT - EDIT - Enter data - STAT - CALC - 1-Var Stats - L; - Enter
Comparing variation in different populations

Coefficient of variation describes the standard devation relative to the mean, and is given by
the the formula:

CV =s/Xx*100 for asample
CV =g/u* 100 for a population

The CV is useful for comparing standard deviations of variables that involve different units of
measurement.

Example: The heights and weights of 40 men were recorded, with the following mean and
standard deviation.

Mean Standard Deviation (s)
Height 68.34 inches 3.02 inches
Weight 172.55 Ib 26.33 b

Compute the CV for both samples.

CV =s/x*100 =4.42%
CV =s/x*100 = 15.26%

Interpreting and Understanding Standard Deviation

Range Rule of Thumb: For estimating a value of the standard deviations: s = range/4
Example: Estimate the sample standard deviation s for the following data set:

17 38 27 1418 34 16 42 28 24 40 20 23 31 37 21 30 25
Range=(42-14)/4=7

Actual sample standard deviation = 8.66

|l f you don’t have access to the original data
use the range rule of thumb and add and subtract two standard deviations from the mean.



Example: Heights of women have a mean of 63.6 inches and a standard deviation of 2.5 inches.
Estimate the range.

63.6 —2(2.5) = 58.6 = minimum “usual” value
63.6 + 2(2.5) = 68.6 = maximum “usual” value

The range is approximately 68.6 —58.6 = 10

I f you don’t have access to the original dat a
and also know that the data have a bell-shaped distribution, use the empirical rule.

Empirical Rule for data with a bell-shaped distribution

For data sets having a distribution that is approximately bell-shaped,
e About 68% of all values fall within 1 standard deviation of the mean.
e About 95% of all values fall within 2 standard deviations of the mean.
e About 99.7% of all values fall within 3 standard deviations of the mean.
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Example: At one college, GPA’s are normally distributed with a mean of 2.9 and a standard
deviation of 0.5. What percentage of students at the college have a GPA between 2.4 and 3.4?

1 standard deviation =s=0.5

1 standard deviation from the mean is
29-05=24
29+05=34

The empirical rule tells us that 68% of data are within 1 standard deviation of the mean.
Therefore, about 68% of GPAs are between 2.4 and 3.4

Example: The amount of Jen’s monthly phone bill is normally distributed with a mean of $54
and a standard deviation of $12. What percentage of her phone bills are between $18 and
$90?

3 standard deviations = 3s =3*%12 =36

54-36=18
54+36=90

The empirical rule tells us that 95% of data are within 3 standard deviations of the mean.
Therefore, about 95% of her phone bills are between $18 and $90.

Chebyshev's Theorem (for ANY distribution)
The proportion (or fraction) of any set lying within K standard deviations of the mean is
always at least 1 — 1/K? where K is any positive number greater than 1.

For K = 2, at least .75 or 75% of data values lie within 2 standard deviations of the mean.
For K = 3, at least .89 or 89% of data values lie within 3 standard deviations of the mean.
For K = 4, at least .9375 or 93.75% of data values lie within 4 standard deviations of the mean.

Example: The ages of members of a gym have a mean of 47 years and a standard deviation of
12 years. What can you conclude from Chebyshev’s theorem about the percentage of gym
members aged between 23 and 717?

2 standard deviations = 2s =2*12 =24
54— 24 =23
54+24=71

ChebysheV’s rule tells us that at least 75% of data values lie within 2 standard deviations of the
mean. So at least 75% of gym members are between the ages of 23 and 71.



***Note that it is unusual to see an observation from a normally distributed population that is
farther than 2 standard deviations from the mean (only 5%) and it is very surprising to see one
that is more than 3 standard deviations away.

Unusual Values Ordinary Values Unusual Values

—3 -2 — 0 ! 2 3
z

3-4 Measures of Relative Standing

A standard score, or z score, is the number of standard deviations that a given value x is above
or below the mean. It can be used to compare values from different data sets.

For a sample,
X —X
7=-"=
X

For a population
X—H
o

7=

Example: Suppose for all graduating seniors, marketing majors earn an average of $42,500 with
a standard deviation of $1000. Kate is a marketing major with an offer of $43,000.

X—u _ 43000-42500 s
o 1000 '

7=

Accounting majors earn an average of $46,000 with a standard deviation of $1500. Tom is an
accounting major with an offer of $44,500.

_X—u _ 4500043500 _
o 1500

z -1.5

In summary, z-scores provide a useful measurement for comparing
data elements from different data sets

Whenever a value is less than the mean, its corresponding z score is negative.
Whenever a value is greater than the mean, its corresponding z score is positive.



**A value is “unusual” if it is more than 2 standard deviations away from the mean.**

Percentiles and Quartiles
Percentiles partition the data into 100 groups with about 1% of the values in each group.

Example: The median, or 50" percentile, separates the bottom 50% and the top 50%
The 45" percentile separates the bottom 45% from the top 55%.
The 70" percentile separates the bottom 70% from the top 30%.

Finding a percentile for a given value
Percentile of value x = (number of values less than x)/total number of values * 100

Example: Find the percentile for the data point 56.
56, 43, 49, 68, 73, 61, 43

There are 3 values less than 46.
Percentile of 56 = 3/7*100 = 43" percentile = Py3

Finding a value for a given percentile

e Sortthedata STAT - 2 (SortA) - L; - ENTER

e Compute the locator L = k/100*n, where k = the percentile you want, and n = number of
data values

e If Lis not a whole number, round L up to the next whole number. The value of the kth
percentile is the Lth value.

e If Lis a whole number, the kth percentile is the average of the Lth number and the
(L+1)th number.

Example: The weights in pounds of 30 newborn babies are below. Find Py,
555.75.86.06.16.16.36.46.56.66.76.76.76.97.07.07.07.17.27.27.47.57.77.77.88.0
8.18.18.38.7

L=16/100*30 = 4.8. Round this up to 5.
P.¢= the 5 data value = 6.1

Example: The test scores of 30 students are listed below. Find Pgo.
32374144464853555657596365666869707174747577 787879 8283868992

L =80/100*30 = 24.



Pso = the average of the 24" and 25" data value = (78 + 79)/2 = 78.5

Quartiles Q;, Qy, and Qs divide the data into four equal parts.
Q; separates the bottom 25% from the top 75%; it is the 25 percentile
Q; is the median; it is the 50" percentile
Qs separates the bottom 75% from the top 25%; it is the 75" percentile

Interquartile Range (IQR) = Q3 — Q

Section 3-5 Exploratory Data Analysis

Exploratory Data Analysis—the process of using statistical tools (such as graphs, measures of
center, and measures of variation) to investigate data sets in order to understand their
important characteristics.

Outlier — an extremely large or small value in a data set. You can identify outliers by looking at
a sorted list of data and seeing if the minimum and maximum values are far away from the rest
of the data.

5-number summary — For a set of data, consists of the minimum value, the first quartile, Q,, the
median, the third quartile Qs, and the maximum value.

Boxplot — a graph that consists of a line extending from the minimum value to the maximum
value, and a box with lines drawn at the first quartile, Q;, the median and the third quartile, Qs.
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