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Section 1.
Populations, Samples, and Processes



Population and Sample

Population: A well-defined collection of objects.
Ex: All individuals who received a B.S. in engineering during the most recent
academic year

Sample: A subset of the population selected in a prescribed way.
Ex: Select a sample of last year’s engineering graduates to obtain feedback about the
quality of the engineering curricula

Variable: Any characteristic whose value may change from one object to another in
the population
Ex: Brand of calculator owned by a student

Univariate, Bivariate, Multivariate Data
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Descriptive Statistics

To summarize and describe important features of the data

1. Graphical methods: Boxplots, Histograms, Scatter plots, etc.

2. Numerical methods: means, standard deviations, correlation coefficients, etc.
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Example
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Example
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Example
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Overview
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Section 2.
Pictorial and Tabular Methods in
Descriptive Statistics



Stem-and-Leaf Displays

Consider a numerical data set x1, x2, · · · , xn for which each xi consists of at least two
digits.

How to construct Stem-and-Leaf Displays

1. Select one or more leading digits for the stem values. The trailing digits become
the leaves.

2. List possible stem values in a vertical column.
3. Record the leaf for each observation beside the corresponding stem value.
4. Indicate the units for stems and leaves someplace in the display.
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Stem-and-Leaf Displays

Example
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Stem-and-Leaf Displays

Information from Stem-and-Leaf Displays

1. identification of a typical or representative value
2. extent of spread about the typical value
3. presence of any gaps in the data
4. extent of symmetry in the distribution of values
5. number and location of peaks
6. presence of any outlying values

9



Dotplots
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Histograms

Definitions
A numerical variable is discrete if its set of possible values either is finite or else
can be listed in an infinite sequence (one in which there is a first number, a second
number, and so on).

A numerical variable is continuous if its possible values consist of an entire interval
on the number line.
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Histograms

Example (Discrete Data)
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Histograms

Example (Discrete Data)
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Histograms

Example (Continuous Data)
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Histograms

Example (Continuous Data)
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Histograms

Example (Continuous Data)
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Section 3.
Measures of Locations



The Mean

Definition
Consider a data set x1, x2, · · · , xn.

The sample mean is defined by

x = x1 + x2 + · · ·+ xn
n =

1
n

n∑
i=1

xi.
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Example

Example
People not familiar with classical music might tend to believe that a composer’s
instructions for playing a particular piece are so specific that the duration would
not depend at all on the performer(s).

However, there is typically plenty of room for interpretation, and orchestral
conductors and musicians take full advantage of this.

Selected a sample of 12 recordings of Beethoven’s Symphony #9 yielding the
following durations (min) listed in increasing order:

62.3, 62.8, 63.6, 65.2, 65.7, 66.4, 67.4, 68.4, 68.8, 70.8, 75.7, 79.0

The sample mean is x = 816.1/12 = 68.01.
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The Median

Definition
The sample median is obtained by first ordering the n observations from smallest
to largest.

If the number of the observation is even,

If the number of the observation is odd,
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Example

Example
People not familiar with classical music might tend to believe that a composer’s
instructions for playing a particular piece are so specific that the duration would
not depend at all on the performer(s).

However, there is typically plenty of room for interpretation, and orchestral
conductors and musicians take full advantage of this.

Selected a sample of 12 recordings of Beethoven’s Symphony #9 yielding the
following durations (min) listed in increasing order:

62.3, 62.8, 63.6, 65.2, 65.7, 66.4, 67.4, 68.4, 68.8, 70.8, 75.7, 79.0

The sample median x̃ is
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Population Mean and Median

Definition
The population mean is

µ =

The population median µ̃ is the median from the whole population.
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Quartiles and Percentiles

Definition
Quartiles: divide the number of data points into four equal parts.

Percentiles: divide the number of data points into 100 equal parts.

Example

62.3, 62.8, 63.6, 65.2, 65.7, 66.4, 67.4, 68.4, 68.8, 70.8, 75.7, 79.0
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Trimmed Means

Definition
A trimmed mean a trimming percentage of α% is the mean of the data set after
removing the smallest α% and the largest α%.

Example

62.3, 62.8, 63.6, 65.2, 65.7, 66.4, 67.4, 68.4, 68.8, 70.8, 75.7, 79.0
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Exercise

The May 1, 2009 issue of The Montclarian reported the fol- lowing home sale amounts
for a sample of homes in Alameda, CA that were sold the previous month (1000s of $):

590, 815, 575, 608, 350, 1285, 408, 540, 555, 679.

The sum is 6405.

1. Calculate and interpret the sample mean and median.

2. Suppose the 6th observation had been 985 rather than 1285. How would the
mean and median change?

3. Calculate a 10% trimmed mean.
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Section 4.
Measures of Variability



The Sample Variance

Example
Consider the two data sets

Data 1: 10, 20, 30, 40, 50, 60, 70,
Data 2: 30, 35, 37, 40, 43, 45, 50.
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The Sample Variance

Definition
The sample variance is defined by

s2 = Sxx
n− 1 =

The sample standard deviation is

s =
√
s2.
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The Sample Variance

Suppose the population consists of x1, x2, · · · , xN.

Definition
The population variance is defined by

σ2 =
1
N

N∑
i=1

(xi − µ)2.

27



Example

Example

28



Computing Formula for s2

Proposition

Sxx =
n∑
i=1

(xi − x)2 =
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Example

Example
Consider the following data:

2.1389 2.8132 2.4451 2.4660 2.6038 2.4186
3.8592 2.1988 2.3529 2.2028 2.7468 1.5104
2.1987 2.5252 2.8462 2.2722 2.2026 2.0153

Knowing
18∑
i=1

xi = 43.8166,
18∑
i=1

x2i = 110.5081,

find the sample mean and variance.
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Boxplots

Order the n observations from smallest to largest and separate the smallest half
from the largest half.

The median x̃ is included in both halves if n is odd.

Then the lower fourth is the median of the smallest half and the upper fourth is the
median of the largest half.

A measure of spread that is resistant to outliers is the fourth spread fs, given by

fs =
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Example

Example
Consider the data

40 52 55 60 70 75 85 85 90
90 92 94 94 95 98 100 115 125 125

Then,

1. The smallest xi:
2. The lower fourth:
3. The median:
4. The upper fourth:
5. The largest xi:
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Example
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Outliers

Definition
Any observation farther than 1.5fs from the closest fourth is an outlier.

An outlier is extreme if it is more than 3fs from the nearest fourth, and it is mild
otherwise.
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Example
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Example
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Exercise

The value of Young’s modulus (GPa) was determined for cast plates consisting of
certain intermetallic substrates, resulting in the following sample observations:

116.4 115.9 114.6 115.2 115.8

1. Calculate x and the deviations from the mean.

2. Use the deviations calculated in part (a) to obtain the sample variance and the
sample standard deviation.

3. Calculate s2 by using the computational formula for the numerator Sxx.

4. Subtract 100 from each observation to obtain a sample of transformed values.
Now calculate the sample variance of these transformed values, and compare it
to s2 for the original data.
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