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Chapter 1 - Data and Statistics

1.1 - Applications in Business and Economics
1.2 - Data

1.3 - Data Sources

1.4 - Descriptive Statistics

1.5 - Statistical Inference

1.6 - Analytics

1.7 - Big Data and Data Mining

1.8 - Computers and Statistical Analysis

1.9 - Ethical Guidelines for Statistical Practice
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What Is Statistics?

* The term statistics can refer to numerical facts such as averages, medians,
percentages, and maximums that help us understand a variety of business and
economic situations.

* Statistics can also refer to the art and science of collecting, analyzing, presenting,
and interpreting data.
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WHAT IS STATISTICS?
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Data and Data Sets

» Data are the facts and figures collected, analyzed, and summarized for
presentation and interpretation.

» All the data collected in a particular study are referred to as the data set for the
study.
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Elements, Variables, and Observations

 Elements are the entities on which data are collected.

e A variable is a characteristic of interest for the elements.

The set of measurements obtained for a particular element is called an
observation.

A data set with n elements contains n observations.

The total number of data values in a complete data set is the number of elements
multiplied by the number of variables.
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Data, Data Sets, Elements, Variables, and Observations

Variables
|

Stock Exchange Annual Sales (SM) | Earnings per share ($

Dataram 73.10 0.86

EnergySouth N 74.00 1.67 -}— Observation
Element Names — Keystone N 365.70 0.86 _

LandCare NQ 111.40 0.33

Psychemedics N 17.60 0.13

:1 . Y45 & (Codebook )
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2020 U.S. Census Questionnalre

5.

Person 1

Please provide information for each parson living hera. If
thers is someone living here who pays the rent or owns this
residence, start by listing him or her as Person 1. I the
owner or the person who pays the rent does not live hers,
start by listing any adult living here as Person 1.

What is Person 1's mame? Praf name balow
First Mama kAl

Last Mams(s)

What iz Parson 1's sax? Adark X ONE box

Mal= Feamals

What is Person 1's age and what is Person 1's date of
birth? For babias lass than 1 year old, do nof wiite the age in
months. Wirite O as tha age.

Pt rumbers irboxes.
Aoe on Apeil 1, 2020 kiorth Drary YWear of birth

WEars

9. What is Person 1's race?

MMark X one or mora boxwas AND print origins.

White — Pand, for seaamps, Gemmare, lmah, Engliiah, laiam,

Lebanese, Egypian, &sic. -

Black or African Am. — Pl for esampe, Affcan American,
Jamaican, Haittar, Migenan, Etfwopiarn, Somall, stc. -

Amearican Indian or Alsska Mative — Frind name of emolied or
prncipal fribey'g), for eaample Plavai o Mation, Blackiest Tribe,
Mayan, A-ec, Matve Vilage F Bamow Ioupial Taoffomnal
Gowvemment, Mome Esiomo, Cammuniy, eic. -

Chiress Wistnamese
Filimi s Horean
Asian Indian Japanease
Crfvar Agian —

P, for example,
FPakimiamnm, Camibaeofam,
Hmong, stc.

httos://www.census.aov/proarams-survevs/decennial-census/technical-documentation/qguestionnaires.2020 Census.html

Matve Hawsaiian
Samoan

Chamomo

Cither Pacific lslander —
Prnt, for sxampis,
Tomgarr, Fiiarr,
Marshalless, sic.
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Scales of Measurement @ ofs)

* Scales of measurement include
* Nominal
e Ordinal
* |Interval
* Ratio

 The scale determines the amount of information contained in the data.

* The scale indicates the data summarization and statistical analyses that are most
appropriate.
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Scales of Measurement 2 ofs)

Nominal scale

* Data are labels or names used to identify an attribute of the element.

* A nonnumeric label or numeric code may be used.

Example

Students of a university are classified by the school in which they are enrolled using
a nonnumeric label such as Business, Humanities, Education, and so on.

Alternatively, a numeric code could be used for the school variable (e.g., 1 denotes
Business, 2 denotes Humanities, 3 denotes Education, and so on).
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Scales of Measurement ofs)

Ordinal scale

* The data have the properties of nominal data and the order or rank of the data is
meaningful.

* A nonnumeric label or numeric code may be used.

Example

Students of a university are classified by their class standing using a nonnumeric
label such as Freshman, Sophomore, Junior, or Senior.

Alternatively, a numeric code could be used for the class standing variable (e.g., 1
denotes Freshman, 2 denotes Sophomore, and so on).
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Scales of Measurement @ofs)

Interval scale

* The data have the properties of ordinal data, and the interval between
observations is expressed in terms of a fixed unit of measure.

* Interval data are always numeric.

Example

Melissa has an SAT score of 1985, while Kevin has an SAT score of 1880. Melissa
scored 105 points more than Kevin.
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Scales of Measurement ofs)

Ratio scale
* Data have all the properties of interval data and the ratio of two values is
meaningful.
* Ratio data are always numerical.

e Zero value is included in the scale.

Example:

Price of a book at a retail store is $200, while the price of the same book sold
online is $100. The ratio property shows that retail stores charge twice the

online price.
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Categorical and Quantitative Data

* Data can be further classified as being categorical or quantitative.

* The statistical analysis that is appropriate depends on whether the data for the
variable are categorical or quantitative.

* |In general, there are more alternatives for statistical analysis when the data are
guantitative.
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Categorical Data

* Labels or names are used to identify an attribute of each element

Often referred to as qualitative data

Use either the nominal or ordinal scale of measurement

Can be either numeric or nonnumeric

Appropriate statistical analyses are rather limited
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Quantitative Data

e Quantitative data indicate how many or how much.

e Quantitative data are always numeric.

* Ordinary arithmetic operations are meaningful for quantitative data.
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Scales of Measurement orfs)
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Comparing Inaugural Addresses

2009 2013

people

time

together
citizens
equal
american
country
freedom
Journey
america
nation
liberty
sod
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future
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Cross-Sectional Data ( # %7@ 3 3k )

Cross-sectional data are collected at the same or approximately the same point in
time.

Longitudinal Data ( %£¥5& 3 #L)
Example

Data detailing the number of building permits issued in November 2013 in each of
the counties of Ohio.

https://t18.pimg.jp/039/215/248/1/39215248.jpg

https://t16.pimg.jp/072/409/306/1/72409306.jpg
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Time Series Data (1.2

Time series data are collected over several time periods.

Example

Data detailing the number of building permits issued in Lucas County, Ohio in each
of the last 36 months.

Graphs of time series data help analysts understand
* what happened in the past
* identify any trends over time, and

* project future levels for the time series
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Data Sources (1of5)

Existing Sources
* Internal company records — almost any department
* Business database services — Dow Jones & Co.

* Government agencies — U.S. Department of Labor

Industry associations — Travel Industry Association of America

Special-interest organizations — Graduate Management Admission Council
(GMAT)

Internet — more and more firms
ij%éll}ifl\*]‘*' GRS q""‘.f' » e ¢ P FTER AL
https://www.m0|.gov.tw/cp.aspx?n=5590

© 2020 Cengage. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part, except for use as permitted in a license distributed with a certain product or service or otherwise on a 37
password-protected website or school-approved learning management system for classroom use.



Statistics for Business and Economics (14e, Metric Version)

Data Sources 2of5)

Data Available From Internal Company Records

Some of the Data Available

Employee records Name, address, social security number

Production records Part number, quantity produced, direct labor cost, material cost
Inventory records Part number, quantity in stock, reorder level, economic order quantity
Sales records Product number, sales volume, sales volume by region

Credit records Customer name, credit limit, accounts receivable balance

Customer profile Age, gender, income, household size
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Data Sources 3ofs)

Data Available From Selected Government Agencies

U.S. Government Agency Web address Some of the Data Available

Census Bureau WWW.CEeNsus.gov Population data, number of households,
household income

Federal Reserve Board www.federalreserve.gov Data on money supply, exchange rates,
discount rates

Office of Mgmt. & Budget www.whitehouse.gov/omb Data on revenue, expenditures, debt of
federal government

Department of Commerce www.doc.gov Data on business activity, value of
shipments, profit by industry

Bureau of Labor Statistics www.bls.gov Customer spending, unemployment rate,
hourly earnings, safety record
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Data Sources @ofs)

Statistical Studies — Observational

* In observational (nonexperimental) studies (BL.%%7 ¥ ) no attempt is made to
control or influence the variables of interest.

* Example - Survey

e Studies of smokers and nonsmokers are observational studies because
researchers do not determine or control who will smoke and who will not smoke.
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Data Sources ofs)

Statistical Studies — Experimental

* |n experimental studies (g 2%k 3+ ) the variable of interest is first identified.
Then one or more other variables are identified and controlled so that data can
be obtained about how they influence the variable of interest.

* The largest experimental study ever conducted is believed to be the 1954 Public
Health Service experiment for the Salk polio vaccine. Nearly two million U.S.
children (grades 1- 3) were selected.
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A MORE POSITIVE EXAMPLE 15 THE SALK POLIO VACCINE. IN 1954, VACCINE
TRIALS WERE PERFORMED ON SOME 400,000 CHILDREN, WITH STRICT CONTROLS
TO ELIMINATE BIASED RESULTS. GOOD STATISTICAL ANALYSIS OF THE RESULTS
FIRMLY ESTABLISHED THE VACCINE'S EFFECTIVENESS, AND TODAY POLIO 15
ALMOST UNKNOWN.
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Data Acquisition Considerations

Time Requirement
» Searching for information can be time consuming.

* Information may no longer be useful by the time it is available.

Cost of Acquisition

* Organizations often charge for information even when it is not their primary
business activity.

Data Errors

* Using any data that happen to be available or were acquired with little care can
lead to misleading information.
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Chapter 2 - Descriptive Statistics: Tabular and Graphical Displays

2.1 - Summarizing Data for a Categorical Variable
e Categorical data use labels or names to identify categories of like items.

2.2 - Summarizing Data for a Quantitative Variable
e Quantitative data are numerical values that indicate how much or how many.

2.3 - Summarizing Data for Two Variables Using Tables
2.4 - Summarizing Data for Two Variables Using Graphical Displays

2.5 - Data Visualization: Best Practices in Creating Effective Graphical
Displays
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Summarizing Categorical Data

* Frequency Distribution

Relative Frequency Distribution

Percent Frequency Distribution
Bar Chart
Pie Chart
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Frequency Distribution

A frequency distribution is a tabular summary

of data showing the number (frequency) of Poor 2
observations in each of several non- Below Average 3
overlapping categories or classes. Average 5
Example: Marada Inn Above Average >

Excellent 1
Guests staying at the Marada Inn were asked Total 20

to rate the quality of their accommodations as
being excellent, above average, average,
below average, or poor.
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Relative Frequency and Percent Frequency Distributions (of2)

Example: Marada Inn

* The relative frequency of a class is

the fraction or proportion of the Relative Percent
total number of data items belonging Rating Frequency Frequency

to the class. Poor 0.10 10%
. Below Average 0.15 15%
Relative frequency = ey
n Average 0.25 25%
Above Average 0.45 45%
* The percent frequency of a class is < caller 0.05 50
the relative frequency multiplied by
Total 1.00 100%

100.
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Bar Chart ( & i%B])

* A bar chart is a graphical display for 10 T Marada Inn Quality Ratings

depicting qualitative data.

e A frequency, relative frequency, or
percent frequency scale can be used
for the other axis (usually the vertical
axis).

Frequency

= N W b OO NN 0O O
|
I

* Using a bar of fixed width drawn , | | |  Quality
Poor Below  Average  Above Excellent  Rating

above each class label, we extend the Average Average
height appropriately.

* The bars are separated to emphasize
the fact that each class is a separate
category.
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Pie Chart ( [F]4# B )

* The pie chart is a commonly used graphical Marada Inn Quality Ratings
display for presenting relative frequency and Exceﬂent
percent frequency distributions for o7
categorical data.

Below

* First draw a circle; then use the relative Average

frequencies to subdivide the circle into Above 15%
sectors that correspond to the relative A"z;?e Average

frequency for each class. 25%

* Because there are 360 degrees in a circle, a
class with a relative frequency of 0.25 would
consume 0.25(360) = 90 degrees of the
circle.
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Example: Marada Inn

* Half of the customers surveyed gave Marada Inn Quality Ratings
Marada a quality rating of “above Excellent
average” or “excellent” (look at the 5%
left side of the pie). This might
please the manager.

Below
Average
15%

Average
25%

* For each customer who gave an
“excellent” rating, there were two
customers who gave a “poor” rating
(looking at the top of the pie). This
should displease the manager.
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Summarizing Quantitative Data

* Frequency Distribution

* Relative Frequency and Percent Frequency Distributions
* Dot Plot

* Histogram

e Cumulative Distributions

e Stem-and-Leaf Display
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Frequency Distribution — Quantitative Data @or2)

The manager of Hudson Auto would like to gain a better understanding of

the cost o

parts used in the engine tune-ups performed in the shop. She

examines 50 customer invoices for tune-ups. The costs of parts, rounded to
the nearest dollar, are shown below.

Sample of Parts Cost($S) for 50 Tune-ups

91 78
71 69
104 74
85 97
62 82

93
72
62
88
98

o7
89
68
68
101

75
66
97
83
79

92
75
105
68
105

99
79
77
71
79

80
75
65
69
69

97
72
80
67
62

62
76
109
74
73
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Frequency Distribution — Quantitative Data ¢or2)

Example: Hudson Auto Repair Part Cost ($) Frequency
If we choose six classes the 50-59 2
approximate class width = (109 — 60-69 13
50)/6 = 9.83 or about 10. 20-79 16
80-89 7
Sample of Parts Cost($) for 50 Tune-ups
91 78 93 57 75 52 99 80 97 62 90-99 7
71 69 72 8 66 75 79 75 712 76
104 74 62 68 97 105 77 65 80 109 100-109 5
85 97 88 68 83 68 71 69 67 74
62 8 98 101 79 105 79 69 62 73 Total 50

© 2020 Cengage. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part, except for use as permitted in a license distributed with a certain product or service or otherwise on a 54
password-protected website or school-approved learning management system for classroom use.



Statistics for Business and Economics (14e, Metric Version)

Relative Frequency and Percent Frequency Distributions of2)

Insights .
Relative Percent
* Only 4% of the parts costs are in the Parts Cost ($) Frequency Frequency
$50-59 class. 50-59 0.04=2/50 4 =.04(100)
* 30% of the parts costs are under $S70. 00-69 026 26
70-79 0.32 32
* The greatest percentage (32% or almost 80-83 0.14 14
one-third) of the parts costs are in the 90-99 0.14 14
S70-79 class. 100-109 0.10 10
Total 1.00 100

* 10% of the parts costs are S100 or more.
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Dot Plot

* One of the simplest graphical summaries of data is a dot plot.

* A horizontal axis shows the range of data values.
* Then each data value is represented by a dot placed above the axis.

. °
. oo . [ [
. o0 o0 oo oo . ]
. ° ® 00000 0000000000 S0 ¢ 00 0 o e oo oo °
k k b k b k k
J J J | | | J J | | | J J

20 60 70 80 a0 100 110
Tune-up Parts Cost ($)
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Histogram (2 = @)

* The variable of interest is placed on
the horizontal axis. 8 —

Tune-up Parts Cost

* Arectangle is drawn above each
class interval with its height
corresponding to the interval’s
frequency, relative frequency, or 8
percent frequency. j T

2

Frequency
S
|
I

* Unlike a bar graph, a histogram has e
NO natu ral Sepa ratIOn bEtween 50-59 60-69 70-79 80-89 90-99 100-110 Cost ($)
rectangles of adjacent classes.
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Histograms Showing Skewness ( & & )

Moderately Skewed Left Symmetric Moderately Right Skewed

A longer tail to the left Left tail is the mirror image : :
Ex: Exam Scores of the right tail A Longer tail to the right

Ex: Heights of People Ex: Housing Values

35 — 28 = 35 T
3 30 + 2 30 3 30 —+
g 5 & 25
3 25 + g 25 + 3 5
g 20 + g 20 +— o 20 -
(T L L
o 15 + o 15 + o 15 T
= = =
T 10 2 10 + = 10
& 05 2 o5 g o5 +
0 0 ’
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Cumulative Distributions ( % % =x #ic4 e )

Cumulative frequency distribution — Hudson Auto Repair
shows the number of items with values _ .
less than or equal to the upper limit of Cumulative  Cumulative
each class. Cumulative Relative Percent
Cumulative relative frequency coit (o) Frequency ARSI, FIEG UEIE
<
distribution — shows the proportion of <39 2 04 4
items with values less than or equal to <69 15=2+13  .30=15/50 30 =.30(100)
the upper limit of each class. <79 31 .62 62
Cumulative percent frequency <39 38 .76 76
distribution — shows the percentage of <99 45 90 90
items with values less than or equal to <109 50 1.00 100

the upper limit of each class.
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Stem-and-Leaf Display o3 (4= 3 8] )

* A stem-and-leaf display shows both the rank order and shape of a distribution of data.

* |tis similar to a histogram on its side, but it has the advantage of showing the actual

data values.
* The leading digits of each data item are
arranged to the left of a vertical line. 5127
. . . 6|1 2222567888999
* To the right of the vertical line we record 11223445665678009
the last digit for each item in rank order !
' 810023589
e Each line (row) in the display is referred 911377789
to as a stem. 10145509
* Each digit on a stem is a leaf. Stems  Leaves
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Stem-and-Leaf Display @of3)

Leaf Units

A single digit is used to define each leaf.
In the preceding example, the leaf unit was 1.

Leaf units may be 100, 10, 1, 0.1, and so on.

Where the leaf unit is not shown, it is assumed to
equal 1.

The leaf unit indicates how to multiply the stem-
and-leaf numbers in order to approximate the
original data.

If we have data with values such as
8.6 11.7 9.4 9.1 10.2 11.0 8.8

Leaf Unit=0.1

8| 638
91 14
10 | 2

11 | 07
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Stretched Stem-and-Leaf Display

* |f we believe the original stem-and-leaf
display has condensed the data too
much, we can stretch the display
vertically by using two stems for each
leading digit(s).

(o)
©

~ W
o 5~ O
© h~ ©

W o NN
(o)
©

* Whenever a stem value is stated twice,
the first value corresponds to leaf
values of O - 4, and the second value
corresponds to leaf values of 5 - 9.

O N OONNDN

A a2a~N=20OoOU-=aaNNN
-"‘l
o
©

OO O OO NNO O O1 O
O A ~NWOOOOO1I—0N

AA

9
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Stem-and-Leaf Display of3)

If we have data values such as
1806, 1717, 1974, 1791, 1682, 1910, and 1838

Leaf Unit = 10
16 8
17 19
18 03
19 17

The 82 in 1682 is rounded down to 80 and is represented as an 8.
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Anderson Sweeney Williams Camm Cochran Fry Ohlmann

Statistics for Business
& Economics

Metric Version, 14th Edition

SION

= p
=

Statistics for
Business and Economics (14e)
Metric Version

Chapters 3, 5, 6
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-
#
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Chapter 3 - Descriptive Statistics: Numerical Measures

3.1 - Measures of Location

3.2 - Measures of Variability

3.3 - Measures of Distribution Shape, Relative Location, and Detecting Outliers
3.4 - Five-Number Summaries and Box Plots

3.5 - Measures of Association Between Two Variables

3.6 - Data Dashboards: Adding Numerical Measures to Improve Effectiveness
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SLet ek 17 ELEE
RPp ez BB & 475 T 3 g
o £ % 1+ 7 4L & 45 (Exploratory Data Analysis)
—> The role of EDA is to figure out the essence of data and to
develop research hypothesis,
« % 7@ 13k~ 47 (Confirmatory Data Analysis)
—->While the role of CDA Is to examine evidence and test hypothesis
& build models.
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EDA © 3 T AL

* 7 4L 5% (Data Driven)
>Tukey*+ 1970 % #% J1EDA » # 325

“more emphasis needed to be placed on using data to construct
research hypotheses”

—>EDA is not a mere collection of techniques. EDA is a philosophy
as to how we dissect a data set; what we look for; how we look;
and how we Interpret.
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Exploratory data analysis (EDA) is an approach to analyzing data sets
to summarize their main characteristics ... EDA is for seeing what the

data can tell us beyond the formal modeling. ---Wikipedia

&

https://www.google.com/url?sa=i&url=htt
ps%3A%2F%2Fwww.aiche.org%?2Facade
my%?2Fwebinars%2Fapplied-statistics-
exploratory-data-
analysis&psig=A0OvVaw36ZuxAJgz27dL
qU5IFzZBMO&ust=1570108849384000&s
ource=images&cd=vfe&ved=0CAIQjRxq
FwoTCJC1gLXV_eQCFQAAAAAJAAA

‘herwise on a
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Data visualization

Data visualization is the graphic representation of data. It involves producing in <,
relationships among the represented data to viewers of the images. This communication is achieved through
the use of a systematic mapping between graphic marks and data values in the creation of the visualization.
This mapping establishes how data values will be represented visually, determining how and to what extent a
property of a graphic mark, such as size or color, will change to reflect changes in the value of a datum.

To communicate information clearly and efficiently, data visualization uses statistical graphics, plots,
information graphics and other tools. Numerical data may be encoded using dots, lines, or bars, to visually
communicate a quantitative message.[l] Effective visualization helps users analyze and reason about data and
evidence. It makes complex data more accessible, understandable and usable. Users may have particular
analytical tasks, such as making comparisons or understanding causality, and the design principle of the
graphic (i.e., showing comparisons or showing causality) follows the task. Tables are generally used where
users will look up a specific measurement, while charts of various types are used to show patterns or
relationships in the data for one or more variables.
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Numerical Measures

* If the measures are computed for data from a sample, they are called sample
statistics.

* |f the measures are computed for data from a population, they are called
population parameters.

* A sample statistic is referred to as the point estimator of the corresponding
population parameter.

Population
T1rgl‘1 Pnpul 1ticon
1‘4 , '\.‘ - Generalize I
- ‘.". j S  EE—— J - conclusions from Sele?t: a sampile
J ‘ X \“‘ the sample to the from tbe
— population

—4 \‘.\; ~J \. : Sample population

https://previews.123rf.com/images/bakhtiarzein/bakhtiarzein1708/bakhtiarzein170800001/83182787-sample-from-population-statistics- https://encrypted-tbn0.gstatic.com/images?q=tbn: ANd9GcTtOH1le3m9uwwqpulliyeBRkSxUnu4_Tw7JA&usqp=CAU
research-survey-methodology-selection-concept.jpg
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Measures of Location ( & ¢ %% & #c)

Low Variance High Variance

* Mean
e Median

e Mode g

« Weighted Mean g

e Geometric Mean

e Percentiles

e Quartiles
3
(s .|
=
S
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Mean

* Perhaps the most important measure of location is the mean.

* The mean provides a measure of central location.

 The mean of a data set is the average of all the data values.

* The sample mean x is the point estimator of the population mean, L.

XX

n

X =

where ), x; = the sum of the values of the n observations and

n = the number of observations in the sample.
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Sample Mean X

Seventy efficiency apartments were randomly sampled in a college town. The
monthly rents for these apartments are listed below.

545 715 530 690 535 700 560 /700 540 715
540 540 540 625 525 545 675 545 550 550
565 550 625 550 550 560 535 560 565 580
550 570 590 572 575 575 600 580 670 565
700 585 680 570 590 600 649 600 600 580
670 615 550 545 625 635 575 650 580 610
610 675 590 535 700 535 545 535 530 540

i = Y X _ 41,356= 590.80
n 70
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Median @ofa

e The median of a data set is the value in the middle when the data items are
arranged in ascending order.

* Whenever a data set has extreme values, the median is the preferred measure of
central location.

* The median is the measure of location most often reported for annual income
and property value data.

* A few extremely large incomes or property values can inflate the mean.
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Median ofa

Here we have an odd number of observations:

7 observations: 26,18, 27,12, 14, 27, and 19.

Rewritten in ascending order: 12, 14, 18, 19, 26, 27, and 27.

The median is the middle value in this list, so the median = 19.
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Median ofa

Here we have an even number of observations:

8 observations: 26, 18, 27,12, 14, 27, 19, and 30.

Rewritten in ascending order: 12, 14, 18, 19, 26, 27, 27, and 30.

The median is the average of the two middle values in this list, so the median = (19
+26)/2=22.5.
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Median uofa

Example: Apartment Rents

Notice that there are 70 values provided which are in ascending order.

Averaging the 35" and 36" values: Median (575 + 575)/2 = 575.

525 530 530 535 535 535 535 535 540 540
540 540 540 945 545 945 545 545 550 550
550 930 550 930 550 960 560 560 965 965
565 570 570 572 575 575 575 580 580 580
580 285 290 290 290 600 600 600 600 610
610 619 625 629 625 639 649 690 670 670
675 675 680 690 700 700 700 700 715 715
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Mode

* The mode of a data set is the value that occurs with greatest frequency.

* The greatest frequency can occur at two or more different values.

* If the data have exactly two modes, the data are bimodal.

* |If the data have more than two modes, the data are multimodal.

929 230 230 939 2935 935 939 239 240 240
540 540 540 945 545 545 545 545 550 9950
The mode is 550. 550 550 550 950 550 560 560 560 565 565
565 570 570 572 575 575 575 580 580 580
580 585 590 590 590 600 600 600 600 610
610 615 625 625 625 635 649 6320 670 670
675 675 680 690 700 700 700 700 715 715
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Weighted Mean @of3)

* |n some instances, the mean is computed by giving each observation a weight that
reflects its relative importance.

* The choice of weights depends on the application.
* The weights might be the number of credit hours earned for each grade, as in GPA.

* |In other weighted mean computations, quantities such as kilograms, dollars, or
volume are frequently used.

where: x; =value of observation i

w; = weight for observation i
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Weighted Mean @.f3)

Ron Butler, a home builder, is looking over the expenses he incurred for a house he
just built. For the purpose of pricing future projects, he would like to know the
average wage (S/hour) he paid the workers he employed. Listed below are the

categories of workers he employed, along with their respective wage and total
hours worked.

Worker Wage (S/hr) Total Hours
Carpenter 21.60 520
Electrician 28.72 230

Laborer 11.80 410

Painter 19.75 270
Plumber 24.16 160
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Weighted Mean iof3)

Example: Construction Wages

Worker X Wi WX
Carpenter 21.60 520 11232.0
Electrician 28.72 230 6605.6

Laborer 11.80 410 4838.0

Painter 19.75 270 53325

Plumber 24 .16 160 3865.6

1590 31873.7

7 = Y wixi _31,873.7 _ 20.0464
Y w; 1,590

FYI, the equally-weighted (simple) mean = $21.21
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Geometric Mean (of2)

* The geometric mean is calculated by finding the nth root of the product of n
values.

* It is often used in analyzing growth rates in financial data (where using the
arithmetic mean will provide misleading results).

* |t should be applied anytime you want to determine the mean rate of change
over several successive periods (be it years, quarters, weeks, . . .).

* Other common applications include: changes in populations of species, crop
yields, pollution levels, and birth and death rates.

Xg = V) (x2) ... ()
= [(x2) 06)-(x,) 17"
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Geometric Mean of2)

Example: Rate of Return

Period Return (%) Growth Factor
-6.0 0.940

8.0 0.920
40 ﬁ 0.960
20 1.020
5.4 1.054

Ak WN =

%, = 1/(0.94)(0.92)(1.02)(1.054) = (0.89254)'/5= 0.97752

The average growth rate per period is (0.97752 — 1)(100) = -2.248%.
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Percentiles

* A percentile provides information about how the data are spread over the
interval from the smallest value to the largest value.

* Admission test scores for colleges and universities are frequently reported in
terms of percentiles.

The pth percentile of a data set is a value such that at least p percent of the items
take on this value or less and at least (100 — p) percent of the items take on this

value or more.

Arrange the data in ascending order.

* Compute Ly, the location of the p*™ percentile.

L, = (%) (n+1)
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80th Percentile

Example: Apartment Rents L, = (%) (n+1)= (%) (70 + 1) = 56.8

The 80" percentile is the 56" value plus 0.8 times the difference between the 57t" and 56t
values.

So the 80t percentile = 635 + 0.8(649 — 635) = 646.2.

925 230 230 935 935 935 935 235 240 940
940 240 240 945 945 945 945 945 990 950
9550 250 290 990 930 560 960 260 965 965
965 970 o970 572 575 575 975 280 580 580
580 285 290 590 590 600 600 600 600 610
610 615 625 625 625 635 649 650 670 670
675 675 680 690 700 700 700 700 715 715
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80th Percentile, Part 2

Example: Apartment Rents

“At least 80% of the “At least 20% of the
items take on a items take on a
value of 646.2 or less.” value of 646.2 or more.”
56/70 = .8 or 80% 14/70 = .2 or 20%

525 530 230 235 935 935 535 935 9540 240
540 540 940 945 945 545 545 945 550 550
550 550 550 550 550 560 560 560 565 9565
565 570 o970 o972 975 275 575 580 580 280
580 585 290 9290 990 600 600 600 600 610
610 615 625 629 625 635 | 649 650 670 670 | .|
675 675 680 690 700 700 700 700 715 715
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Quartiles

Quartiles are specific percentiles.
1. First Quartile = 25t Percentile
2. Second Quartile = 50t Percentile = Median
3. Third Quartile = 75t Percentile
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Third Quartile (75t Percentile)

Example: Apartment Rents

L, = (ﬁ) (n+1) = (f;ﬂ) (70 + 1) = 53.25

The 75 percentile is the 53" value plus 0.25 times the difference between
the 54t and 53" values.

The 75 percentile = third quartile = 625 + 0.25(625 — 625) = 625.

525 530 530 935 935 939 535 935 540 940
540 540 540 545 545 545 545 545 550 550
550 550 550 5950 990 260 560 960 565 9695
565 o970 970 o972 979 979 975 280 280 980
580 585 590 990 990 600 600 600 600 610
610 615 625 625 625 635 649 650 670 670
675 675 680 690 700 700 700 700 715 715
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Measures of Variability (4ziv 4% & #c)

* It is often desirable to consider measures of variability (dispersion), as well as
measures of location.

* For example, in choosing supplier A or supplier B we might consider not only the
average delivery time for each, but also the variability in delivery time for each.

« Common measures of variability are:
* Range

Interquartile Range

Variance

Standard Deviation

Coefficient of Variation
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Range

* The range of a data set is the difference between the largest
and smallest data value.

* |t is the simplest measure of variability.

* |tis very sensitive to the smallest and largest data values.

Range = largest value — smallest value = 715 — 525 = 190.

525 230 930 935 935 935 9535 535 9540 240
940 240 240 945 945 945 945 245 950 990
9550 990 990 250 990 960 960 260 265 265
565 970 o570 9572 975 975 575 580 580 280
580 585 590 590 590 600 600 600 600 610
610 615 625 625 625 635 649 650 670 670
675 675 680 690 700 700 700 700 715 I 715
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Interquartile Range (IQR)

* The interquartile range of a data set is the difference between the third quartile
and the first quartile.

* It is the range for the middle 50% of the data.

* |t overcomes the sensitivity to extreme data values.

925 930 230 939 939 939 935 935 940 240

d : _
3" Quartile (Q;) = 625 540 540 540 545 545 545 545 545 550 550
: 550 550 550 550 550 560 | 560 560 | 565 565

st _
15t Quartile (Q;) = 545 565 570 570 572 575 575 575 580 580 580

580 985 990 290 290 600 600 600 600 610
610 615 625 625 625 635 649 650 670 670
|QR =625 —-545 =80 675 675 680 690 700 700 700 700 715 715
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Variance

* The variance is a measure of variability that utilizes all the data.

* It is based on the difference between the value of each observation (x;) and the
mean (x for a sample, i for a population).

* The variance is useful in comparing the variability of two or more variables.

 The variance is the average of the squared deviations between each data value
and the mean.

. — w)2
* The variance of a sampleis: s2 = 2(xi lx)
-
X — 2
* The variance for a populationis: ¢* = 2 N H
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Standard Deviation

The standard deviation of a data set is the positive square root of the variance.

* |tis measured in the same units as the data, making it more easily interpreted than
the variance.

The standard deviation of a sampleis: s =1/s2

The standard deviation of a populationis: o=V o ?
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Coefficient of Variation

* The coefficient of variation indicates how large the standard deviation is in
relation to the mean.

* The coefficient of variation of a sample is: [i_ X 100] %
X

* The coefficient of variation of a population is: [E X 100] %
U
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Sample Variance, Standard Deviation, and Coefficient of Variation

Example: Apartment Rents

: , Y (xj—x)*
° . 2 — L
The varianceis: s — 2,996.16
* The standard deviation is: s=Vs?% = 12,996.16 ——

. . - - . 54.
* The coefficient of variation is: E X 100]% = [5:0_7840 X 100] %
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Measures of Association Between Two Variables

* Thus far we have examined numerical methods used to summarize the data for
one variable at a time.

* Often a manager or decision maker is interested in the relationship between two
variables.

* Two descriptive measures of the relationship between two variables are
covariance and correlation coefficient.
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Covariance

* The covariance is a measure of the linear association between two variables.
* Positive values indicate a positive relationship.

* Negative values indicate a negative relationship.

* The covariance is computed as follows:

2(Xi—x)(¥i—Y)

n-—1

For samples:  Syy=

For populations:

_ 2xi—r) Vi—Hy)
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Correlation Coefficient 102

* Correlation is a measure of linear association and not necessarily causation.

 Just because two variables are highly correlated, it does not mean that one
variable is the cause of the other.

* The correlation coefficient is computed as follows:

_Sxy

For samples: 1...,=
P XY sxsy

For populations: Pay=
ﬂ‘xﬂ'y
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Correlation Coefficient o2

 The coefficient can take on values between -1 and +1.

e Values near —1 indicate a strong negative linear relationship.

e Values near +1 indicate a strong positive linear relationship.

* The closer the correlation is to zero, the weaker the relationship.
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Covariance and Correlation Coefficient 1 of3)

A golfer is interested in investigating the relationship, if any, between driving
distance and 18-hole score.

Average Driving
Distance (yards) Average 18-Hole Score

277.6 69
259.5 71
269.1 70
267.0 70
255.6 71
272.9 69
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Covariance and Correlation Coefficient of3

Example: Golfing Study
X y (xi-x)  (iry) (i) (yiy)

277.6 69 10.65 -1.0 -10.65
259.5 71 -7.45 1.0 -7.45
269.1 70 2.15 0 0
267.0 /0 0.05 0 0
255.6 71 -11.35 1.0 -11.35
272.9 69 5.95 -1.0 -5.95

Average 267.0 70.0 Total -35.40
Std. Dev. 8.2192 .8944
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Covariance and Correlation Coefficient zof3

Example: Golfing Study

* Sample Covariance: Sy, = L 0izy) _ 23540 —
P LAY n-1 6—1
: . Sxy —-7.08
* Sample Correlation Coefficient: 1y, = = =
sxSy  (8.2192).8944)
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Data Dashboards: Adding Numerical Measures to Improve
Effectiveness (o2

* Data dashboards are not limited to graphical displays.

* The addition of numerical measures, such as the mean and standard deviation of
KPIs, to a data dashboard is often critical.

 Dashboards are often interactive.

* Drilling down refers to functionality in interactive dashboards that allows the user
to access information and analyses at an increasingly detailed level.
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Data Dashboards: Adding Numerical Measures to Improve

Effectiveness (o2

Time to Resolve Cases

Boxplot of Time to Resolve by Type of Case

25 - 8:00 : 9:00 ,  10:00 (11:00;12:00 e
| I |
2 ! I | I
20 : : : : oe o~
! 1 | [ I
§ 15 i T I T 3 15 =
E T | : : : -é 10 e
=10 . : ~3 B3 =
: [ ‘%: 5 -
5 — | | ,.l
LN o \ 0 - 1 l
0 - Qob Bl - Email Internet Softw
v T T T T T ma nterne 0 are
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 = o
Call m Software = Internet m Email YO0 LASO
Summary Statistics - Resolved Cases
Type of Case Cases Mean Median Std. Dev Hour Cases Mean Median Std. Dev
Email 34 4.6 2.0 5.6 8:00 22 3.5 2.0 3.7
Internet 19 5.4 3.0 4.9 9:00 19 5.8 3.0 6.6
Software 23 5.2 4.0 4.2 10:00 19 53 4.0 4.8
11:00 9 6.9 6.0 5.1
12:00 6 4.8 3.5 3.9
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Chapter 5: Discrete Probability Distributions

5.1 - Random Variables

5.2 - Developing Discrete Probability
Distributions

5.3 - Expected Value and Variance

5.4 - Bivariate Distributions, Covariance, and
Financial Portfolios

5.5 - Binomial Probability Distribution
5.6 - Poisson Probability Distribution
5.7 - Hypergeometric Probability Distribution
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Discrete Probability Distributions @

* The probability distribution for a random variable describes how probabilities
are distributed over the values of the random variable.

 We can describe a discrete probability distribution with a table, graph, or
formula.

Types of discrete probability distributions:

* First type: uses the rules of assigning probabilities to experimental outcomes to
determine probabilities for each value of the random variable.

e Second type: uses a special mathematical formula to compute the probabilities
for each value of the random variable.
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Discrete Probability Distributions ot

 The probability distribution is defined by a probability function, denoted by f(x),
that provides the probability for each value of the random variable.

 The required conditions for a discrete probability function are:

flx)>0 and 3f(x) =1
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Discrete Probability Distributions o

* There are three methods for assigning probabilities to random variables:
classical method, subjective method, and relative frequency method.

* The use of the relative frequency method to develop discrete probability
distributions leads to what is called an empirical discrete distribution.
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Discrete Probability Distributions o

Example: JSL Appliances

Using past data on TV sales, a tabular representation of the probability distribution for
sales was developed.

Number

Units Sold of Days X f(x)
0 80 0 .40 = 80/200

1 50 1 0.25

2 40 2 0.20

3 10 3 0.05

4 20 4 0.10

200 1.00
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Discrete Probability Distributions (o

Example: JSL Appliances

S0

40 Graphical
30 L representation
' of probability

20 =+ distribution
10 —+ I
o 1 2 3

4

Values of Random Variable x (TV sales)

Probability
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Discrete Probability Distributions o

* In addition to tables and graphs, a formula that gives the probability function,
f(x), for every value of x is often used to describe the probability distributions.

* Several discrete probability distributions specified by formulas are the discrete-
uniform, binomial, Poisson, and hypergeometric distributions.
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Discrete Probability Distributions o

* The discrete uniform probability distribution is the simplest example of a
discrete probability distribution given by a formula.
* The discrete uniform probability function is

fix)=1/n

where: n =the number of values the
random variable may assume

* The values of the random variable are equally likely.
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Expected Value o2

The expected value, or mean, of a random variable is a measure of its central
location.

E(x) = p = 3xf(x)

 The expected value is a weighted average of the values the random variable
may assume. The weights are the probabilities.

* The expected value does not have to be a value the random variable can
assume.
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Variance and Standard Deviation

 The variance summarizes the variability in the values of a random variable.

Var(x) = 0% = L(x - u)*f(x)

* The variance is a weighted average of the squared deviations of a random
variable from its mean. The weights are the probabilities.

 The standard deviation, g, is defined as the positive square root of the variance.
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Expected Value o2

Example: JSL Appliances

M XZ[XZ
40 .00
25 25

1<

.20 40
.05 .15
.10 .40

E(x) = expected number of TVs sold in a day

A W N - O
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Variance

Example: JSL Appliances

X—U (x — )2 f(x) (x—p)? f(x)
~1.2 1.44 40 576

—0.2 0.04 .25 .010
0.8 0.64 .20 128
1.8 3.24 .05 .162

2.8 7.84 .10 /84

Variance of daily sales =
o’ = 1.660

Standard deviation of daily sales = 1.2884 TVs

A W N LR O|X
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Bivariate Distributions (f3)

A bivariate probability distribution is a probability distribution involving two random
variables.

For example, here are the daily sales at the DiCarlo Motors automobile dealership in
Saratoga, New York, and DiCarlo, another dealership in Geneva, New York. The table
shows the number of cars sold at each of the dealerships over a 300-day period.

Saratoga Dealership

Geneva Dealership 0 1 2 3 4 5 Total
0 21 30 24 9 2 0 86

1 21 36 33 18 2 1 111

2 9 42 9 12 3 2 77

3 3 9 6 3 5 0 26

Total 54 117 72 42 12 3 300
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Bivariate Distributions of3)

Let us define x = number of cars sold at the Geneva dealership and y = the number
of cars sold at the Saratoga dealership. We can now divide all of the frequencies by
the number of observations (300) to develop a bivariate empirical discrete
probability distribution for automobile sales at the two DiCarlo dealerships.

Saratoga Dealership

Geneva Dealership 0 1 2 3 4 5 Total
0 0700 .1000 .0800 .0300 .0067  .0000 2867
1 0700 .1200 .1100 .0600 .0067  .0033 .3700
2 0300 .1400 .0300 .0400 .0100 .0067 2567
3 .0100 .0300 .0200 .0100 .0167  .0000 .0867
Total .18 39 24 14 .04 .01 | 1.0000
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Bivariate Distributions zof3)

The table below shows the expected value for the mean total sales and the standard deviation of total sales
for these two dealerships.

f(s)

.0700
1700
2300
2900
1267
.0667
.0233
.0233
.0000

0o N o o WDN P O O

sf(s)

.0000
.1700
4600
.8700
5067
.3333
.1400
1633
.0000

E(s) = 2.6433

s — E(s)
—2.6433
—-1.6433
—.6433
.3567
1.3567
2.3567
3.3567
4.3567
5.3567

(s — E(s))?

6.9872
2.7005
4139
1272
1.8405
5.5539
11.2672
18.9805
28.6939

(s — E(s))*f(s)

4891
4591
.0952
.0369
2331
3703
2629
4429
.0000

Var(s) = 2.3895
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Covariance

The covariance and/or correlation coefficient are good measures of association
between two random variables.

Covariance = gy, = [Var(x + y) —Var(x) —Var(y)]/2.

=(2.3895-0.8696 — 1.25)/2
=0.1350

A covariance of .1350 indicates that daily sales at DiCarlo’s two dealerships have a
positive relationship.
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Correlation

To get a better sense of the strength of the relationship, we can compute the
correlation coefficient.

Correlation = p,.,, =
'l OxOy

0.1350

Pxy = 0.9325)(1.1180)

The correlation coefficient of .1295 indicates there is a weak positive relationship
between the random variables representing daily sales at the two DiCarlo
dealerships. If the correlation coefficient had equaled zero, we would have
concluded that daily sales at the two dealerships were independent.
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Chapter 6 - Continuous Probability Distributions

6.1 — Uniform Probability Distribution /f(x) Normal N
6.2 — Normal Probability Distribution

6.3 — Normal Approximation of
Binomial Probabilities

6.4 — Exponential Probability \_

Distribution
/f(X) Uniform \ /f(x) Exponential \

:X

N / \_ "
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Normal Probability Distribution .t

* The normal probability distribution is the most important distribution for
describing a continuous random variable.

* |tis widely used in statistical inference.

* |t has been used in a wide variety of applications including:
* Heights of people
* Amount of rainfall
* Test scores
 Scientific measurements

Abraham de Moivre, a French mathematician, published The Doctrine of Chances
in 1733.

He derived the normal distribution.
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Normal Probability Distribution .t

Normal Probability Density Function

1 (x—w)?
e 202
o\ 2T

flx) =

where

L= mean X
o = Standard deviation
m=3.14159265359...
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Normal Probability Distribution ot

The entire family of normal probability distributions is defined by its mean u and
its standard deviation o.

The highest point on the normal curve is at the mean, which is also the median
and mode.

Standard Deviation o

| X
Mean u
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Normal Probability Distribution .t

The mean can be any numerical value: negative, zero, or positive.

-10 0 25
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Normal Probability Distribution ot

The standard deviation determines the width of the curve: larger values result
in wider, flatter curves.
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Normal Probability Distribution ot

Probabilities for the normal random variable are given by areas under the curve.
The total area under the curve is 1 (0.5 to the left of the mean and 0.5 to the
right).

X
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Normal Probability Distribution (7.t

Empirical Rule ( &5 % B])
68.26% of values of a normal

random variable are within +1 3 . 99.72% . k
1 % 00 »
standard deviation of its mean ' I 90.44% : '
' : \ “— 68.26% —| . :
| i i
95.44% of values of a normal E ! : : E
random variable are within +2 ! E I i !
. . . \ |
standard deviations of its mean. : : . , : :
' ' ' ' ! )
| |
99.72% of values of a normal ! ! E E | !
. . . | |
random variable are within +3 . ! : : : . X
. . . | L |
standard deviations of its mean. u-3¢ wu-1o M ptle | u+3o
u-2c u+22c
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Standard Normal Probability Distribution of10)

A random variable having a normal distribution with a mean of 0 and a standard deviation
of 1 is said to have a standard normal probability distribution.

The letter z is used to designate the standard normal random variable.

© 2020 Cengage. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part, except for use as permitted in a license distributed with a certain product or service or otherwise on a 136
password-protected website or school-approved learning management system for classroom use.



Statistics for Business and Economics (14e, Metric Version)

Standard Normal Probability Distribution @of10)

Converting to the Standard Normal Distribution

z=—"
o

We can think of z as a measure of the number of standard deviations x is from .
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Standard Normal Probability Distribution of10)

Example: Pep Zone

Pep Zone sells auto parts and supplies including a popular multi-grade motor oil.
When the stock of this oil drops to 20 liters, a replenishment order is placed.

The store manager is concerned that sales are being lost due to stockouts while
waiting for a replenishment order.

It has been determined that demand during replenishment lead-time is normally
distributed with a mean of 15 liters and a standard deviation of 6 liters.

The manager would like to know the probability of a stockout during replenishment
lead-time. In other words, what is the probability that demand during lead-time
will exceed 20 liters?
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Standard Normal Probability Distribution @ of 10

Solving for the Stockout Probability

Step 1: Convert x to the standard normal distribution.

(x—u)
g

(20 - 15)
‘T 76

z =10.83

Step 2: Find the area under the standard normal curve to the left of z = 0.83.
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Standard Normal Probability Distribution s of10)

Cumulative Probability Table for the Standard Normal Distribution

P(z < 0.83) = 0.7967

z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09

.6915 .6950 .6985 .7019 .7054 .7088 .7123 .7157 .7190 .7224
7257 7291 .7324 7357 .7389 .7422 .7454 .7486 .7517 .7549
7580 .7611 .7642 .7673 .7704 .7734 .7764 .7794 .7823 .7852
.7881 .7910 .7939|.7967 |.7795 .8023 .8051 .8078 .8106 .8133
8129 .8186 .8212 .8238 .8264 .8289 .8315 .8340 .8365 .8389

0lo(N o -
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Standard Normal Probability Distribution of 10

Solving for the Stockout Probability

Step 3: Compute the area under the standard normal curve to the right of z =
0.83.

P(z>0.83)=1-P(z<0.83)
=1-0.7967
= 0.2033
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Standard Normal Probability Distribution ¢ of10)

Solving for the Stockout Probability

Area = 7967 Area = 1 - 7967
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Standard Normal Probability Distribution of10)

If the manager of Pep Zone wants the probability of a stockout during

replenishment lead-time to be no more than .05, what should the reorder point
be?

(Hint: Given a probability, we can use  Area =.9500

the standard normal table in an inverse Area =.0500
fashion to find the corresponding z
value.)
I | Z
0 Z o5
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Standard Normal Probability Distribution ©of10)

Solving for the Reorder Point

Step 1: Find the z-value that cuts off an area of .05 in the right tail of the standard
normal distribution by looking up the complement of the right tail area 1 — 0.05 = 0.95.

1.7 9554 . : : 9599 9608
1.8 9641 . : . 9671 9678 9636
19 9713 . : : 9738 9744 9750
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Standard Normal Probability Distribution (oof10)

Solving for the Reorder Point
Step 2: Convert z ;. to the corresponding value of x.

X =U+Zyo50

= 15 + 1.645(6)
= 24.87

which we round to 25.

A reorder point of 25 liters will place the probability of a stockout during lead
time at (slightly less than) 0.05.
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Normal Probability Distribution

Solving for the Reorder Point

Probability of a
stockout during
replenishment
lead-time = .05

Probability of no
stockout during
replenishment
lead-time = .95

15 24.87

© 2020 Cengage. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part, except for use as permitted in a license distributed with a certain product or service or otherwise on a 146
password-protected website or school-approved learning management system for classroom use.



Statistics for Business and Economics (14e, Metric Version)

Standard Normal Probability Distribution

Solving for the Reorder Point
By raising the reorder point from 20 liters to 25 liters on hand, the probability of

a stockout decreases from about .20 to .05.
This is a significant decrease in the chance that Pep Zone will be out of stock
and unable to meet a customer’s desire to make a purchase.
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Using Excel to Compute Normal Probabilities

Excel has two functions for computing cumulative probabilities and x values for any
normal distribution:

* NORM.DIST is used to compute the cumulative probability given an x value.
* NORM.INV is used to compute the x value given a cumulative probability.
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