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Chapter 2

. Frequency Distributions .

and

Graphs

Objectives
|
01 Organize data using frequency distributions.
01 Represent data using pie chart and bar chart.
01 Represent data using histogram, frequency polygon and ogive.

01 Other types of graphs such as time series graph and stem and leaf

plot are presented.
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Introduction

|
o In order to conduct any statistical study about any phenomenon,
you must gather data for variables that describe that phenomenon.

o After gathering the data, you must organize them in a meaningful
way to describe the situation, draw conclusions or make inferences.

o The common way for organizing the data is by constructing a
frequency distribution.

o After organizing the data, you can present them using different
types of charts or graphs.
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Organizing Data

]
o When data are collected in their original form, they are called raw
aata.
o Example: Blood Type Data

A B B AB O (0] A (@) ) B A B ) AB
0] AB B B A A O B B (0] ) (@) A (@)

o Then, the raw data can be organized into a table form that is called

frequency distribution using classes and frequencies.

o Types of frequency distributions are categorical frequency

distribution, ungrouped frequency distribution and grouped

frequency distribution
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Categorical Frequency Distributions

et |
01 When the sample size (n) is large, the data must be
grouped into categories.

o Cateqorical Frequency Distributions are used for data that

can be placed in specific categories, such as nominal or
ordinal level data.

© All rights are preserved for Dr. Saeed A. Dobbah Alahamdi. Department of Statistics. Facultv of Sciences. KAU

Categorical Frequency Distributions

s

0 Example: Blood Type Frequency Distribution
A B B AB O O A O O B A B O AB
O AB B B A A O B B O O O A O

Instructions: s
+  Open Excel ot
- Enterthedatain &
column A
* Enter the values ':
of 1’s in column

o

© All rights are preserved for Dr. Saced A. Dobbah Alahamdi. Department of Statistics. Facultv of Sciences. KAU



Categorical Frequency Distributions

2oy |

0 Example: Blood Type Frequency Distribution

A B B AB O (0] A (0] 0] B A B 0] AB
(0] AB B B A A 0] B B (@) ) (@) A (@)

* Select INSERT
* Select PivotTable

it | Sheees | @
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Categorical Frequency Distributions

IR

0 Example: Blood Type Frequency Distribution

A B B AB O (0] A (0] 0 B A B O AB
O AB B B A A 0] B B (0] O (0] A (@)

]

Instructions:
e Select OK
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Categorical Frequency Distributions

f2e y |

0 Example: Blood Type Frequency Distribution

A B B AB O (0] A (0] 0] B
(@) AB B B A A 0] B B (@)

Instructions: e
+ Drag the variable
BLOOD TYPE oo
into the ROWS
area ; =
+ Drag the constant
FREQ into the
VALUES area
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Categorical Frequency Distributions
sy ]

0 Example: Blood Type Frequency Distribution

A B B AB O (0] A (0] 0 B
(0] AB B B A A 0] B B (0]

Instructions: S e
* Rename the table s
columns as u
Blood Type
Frequency
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Categorical Frequency Distributions

20 |
0 Example: Blood Type Frequency Distribution

A
(0]

B B
AB B

AB O
B

(0]

A A

A

(0]
B

0]
B

B
(0]

Instructions:

» Select the table
Press Ctrl+C to
copy the table
Press Ctrl+V to
paste the table
into your
document
Edit the table

@ .

i+

» [fat
5
e

o
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Categorical Frequency Distributions

0 Example: Blood Type Frequency Distribution

A B B ABO O A O O B A B O AB
O ABB B A A O B B O O O A O

Blood Type | Frequency
A 6
AB 3
B 8
@) 11
Grand Total 28 <

~ samplesize(n)
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Categorical Frequency Distributions

0 Example: Blood Type Frequency Distribution (Adding Percentages)

A B B AB O (0] A (0] 0] B A B 0] AB
(@) AB B B A A 0] B B (@) ) (@) A (@)

o ]

Instructions: o LT

. Select ANALYZE e

o
o anatom
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Categorical Frequency Distributions

0 Example: Blood Type Frequency Distribution (Adding Percentages)

A B B AB O (0] A (0] 0 B A B O AB
(0] AB B B A A 0] B B (0] O (0] A (@)

== B of ot o LI = ==

Instructions: .
» Select Fields, e—
Items & Sets ;
» Select Calculated
Field
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Categorical Frequency Distributions

2y |
0 Example: Blood Type Frequency Distribution (Adding Percentages)

A B B AB
(0] AB B B

0] (0] A (0] 0] B A B 0] AB
A A 0] B B (@) ) (@) A (@)

@

Instructions:
* Enter the name of
the variable as
Percent
+ Enter the Formula -
for calculating the -
percent as :
FREQ/28
e Select OK

[ toaa Typa - Framianes |

.

" i H [T T
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Categorical Frequency Distributions

2 |
0 Example: Blood Type Frequency Distribution (Adding Percentages)

A B B AB
(0] AB B B

o (0] A (0] 0 B A B O AB
A A 0] B B (0] O (0] A (@)

Instructions:

» Select column C

+ Select HOME :

*  Select % to change
the format of the
column to %.

SERED

14
m
iis
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Categorical Frequency Distributions

0 Example: Blood Type Frequency Distribution (Adding Percentages)
A B B AB O O A O O B A B O AB
O AB B B A A O B B O O O A O

Instructions: LT ,
» Select the table et -
+ Copyandpasteit = . = =

into your document:
+ Edit the table
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Categorical Frequency Distributions

0 Example: Blood Type Frequency Distribution

A B B ABO O A O O B A B O AB
O ABB B A A O B B O O O A O

Blood Type |Frequency| Percent
A 6 21%
frequenc
AB 3 11% ITeqUency 100 = —— x100
B 8 29% Total Zf
0 11 39% f .
Grand Total| 28 100% Y x100 %

Sample Size
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The Most Common Graphs for Categorical Data

ey |
o The pie chartis a circle that is divided into sections according to
the frequencies in each category of the distribution, Degree 1 «360.
It is the best graph for displaying the nominal level of qualitz?tive
data.

Class |Frequency|Percentage| Degree
A 6 21.43% 77.14
B 8 28.57% 102.86
(6] 11 39.29% 141.43

AB 3 10.71% 38.57

Total 28 100% 360
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The Most Common Graphs for Categorical Data
esy

o Pie chart using Excel.

Instructions: e e g~ |
o Select the table LEDD a e OB B al i e B
» Select INSERT
» Select Pie chart

o u ”
GandTow » oo
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The Most Common Graphs for Categorical Data

2-20

o Pie chartusing Excel.

Instructions: (O
* Clickonthe Chart * = = o Tl » o e
* Select DESGIN o om0

+ Formatthechart = . = =)
» Copy and paste it
into your document: —
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The Most Common Graphs for Categorical Data
eny |

o Pie chart using Excel.
Edit the graph

Blood Type
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The Most Common Graphs for Categorical Data
2y |
o The bar charts display the data using vertical bars of various heights
to reflect the frequencies of the categories. It is the best graph for

displaying the ordinal level or discrete type of data.

o Example: Education levels

Education Level| Frequency
Level 1 47
Level 2 15
Level 3 12
Level 4 7
Level 5 19

Total 100

© All rights are preserved for Dr. Saeed A. Dobbah Alahamdi. Department of Statistics. Facultv of Sciences. KAU

The Most Common Graphs for Categorical Data
ey

o Bar chart using Excel.

Instructions: 2o - _ e

- Copythetableto = » = . .. ‘&
Excel i m]

» Select the table .
without the total Loz |

» Select INSERT tewis |12

» Select Bar chart
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The Most Common Graphs for Categorical Data

2-24

o Bar chartusing Excel.

Instructions:
+ Edit the chart Eduction Levels
» Copy and paste it 50

into your document “5

15
10
5 i =
0

Motor Vehicle Drowning House Fire Homicide Other
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Ungrouped Frequency Distributions

22 4 |
o Ungrouped frequency distributions are used for data that can be
enumerated and when the range of values in the data set is small

(discrete data) and the sample size (n) is large.

o Examples:
o Number of children per family
o Number of cars in a parking lot
o Number of houses

o Number of students
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Ungrouped Frequency Distributions

o Example: Number of patients in the waiting rooms of 16 clinics

within a hospital at a specific time.
5 4 4 8 85 8 4 4 48 45 8 4 4

o [ R e
Instructions: o

»  Open Excel

* Enter the data in
column A

* Enter the values
of 1’s in column
B

St
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Ungrouped Frequency Distributions

22r g |
o Example: Number of patients in the waiting rooms of 16 clinics
within a hospital at a specific time.
5 4 4 8 85 8 4 4 48 45 8 4 4

T as A B e 2Ll vmw SR G 4 ST Q

Instructions:
e Select INSERT
e Select PivotTable
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Ungrouped Frequency Distributions

o Example: Number of patients in the waiting rooms of 16 clinics

within a hospital at a specific time.
5 4 4 8 85 8 4 4 48 45 8 4 4

» Select OK (e
e - =
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Ungrouped Frequency Distributions

o Example: Number of patients in the waiting rooms of 16 clinics

within a hospital at a specific time.
5 4 4 8 85 8 4 4 48 45 8 4 4

Instructions: . )

« Drag the variable
No. of Patients '
into the ROWS
area -

» Drag the constant
FREQ into the
VALUES area

sneetz
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Ungrouped Frequency Distributions

220 |
o Example: Number of patients in the waiting rooms of 16 clinics

within a hospital at a specific time.
5448858 444845844

Instructions: s
* Rename the table ==
columns as B e
No. of Patients
Frequency

shecnz | e
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Ungrouped Frequency Distributions

2o |
o Example: Number of patients in the waiting rooms of 16 clinics

within a hospital at a specific time.
54 48 858444845844

Instructions:

» Select the table

* Press Ctrl+C to
copy the table

* Press Ctrl+V to
paste the table
into your
document

« Edit the table

T s

© |oanaron -
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Ungrouped Frequency Distributions

222 |
o Example: Number of patients in the waiting rooms of 16 clinics
within a hospital at a specific time.
5 4 4 8 85 8 4 4 48 45 8 4 4

No. of Patients|Frequency

4 8
5 3
8 5

Grand Toial |16 <] [Sample Size (n)]
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The Most Common Graph for Discrete Data

2-33

o The bar charts display the data by using vertical bars of various
heights to reflect the frequencies of the categories. It is the best graph
for displaying the discrete type of data or ordinal level of qualitative
data.

o Example: Number of patients

9
No. of Patients|Frequency :
4 8 6
5 3 :
Grand Total 16 : .
4 5 8
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The Most Common Graphs for Categorical Data
el

o Bar chartusing Excel.

Instructions: g

» Select the table 1[4~ Rl sl 4 k3 “
without the total . .. e

. Select INSERT .. . n =i

Select Bar chart - k
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The Most Common Graphs for Categorical Data
ey |

o Bar chart using Excel.

Instructions:

Edit the chart
Copy and paste it
into your document

No. of Patients

4 5 8
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Grouped Frequency Distributions

2o |
01 When the range of values in a data set is large (continuous data),
the data must be grouped into classes that are more than one unit in
width, e.g., 24 — 30.
o The Jower class limit represents the smallest data value that can be
included in a class, e.g., 24 for the class limit 24 — 30.

o The upper class limit represents the largest value that can’t be
included in the class, e.g., 30 for the class limit 24 — 30.
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Grouped Frequency Distributions

2o g |
01 The class widlth for a class in a frequency distribution is found by
subtracting the lower (or upper) class limit of one class from the
lower (or upper) class limit of the next class.

0 The class miapointis found by adding the lower and upper
boundaries (or limits) and dividing by 2.
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Grouped Frequency Distributions

2 |

Class Rules

o There should be between 5 and 20 classes.

As a guide line, the number of classes can be found using

Number of Classes ~1+3.3xlog(n)
The first class lower limit usually is the lowest value in the data set
The class width should be an odd number.
The classes must be mutually exclusive.
The classes must be continuous.

o o O

O

o The classes must be exhaustive.
o The classes must be equal in width.
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Grouped Frequency Distributions

20 |
o Example: Sample of birthweight (0z) from 40 consecutive deliveries
58 118 92 108 132 32 140 138 96 161 120 86 115 118 95

83 112 128 127 124 123 134 94 67 124 155 105 100 112 141
104 132 98 146 132 93 85 94 116 113

Instructions: el
*  Open Excel =
» Enter the data in

column A
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Grouped Frequency Distributions

o Example: Sample of birthweight (0z) from 40 consecutive deliveries
58 118 92 108 132 32 140 138 96 161 120 86 115 118 95
83 112 128 127 124 123 134 94 67 124 155 105 100 112 141
104 132 98 146 132 93 85 94 116 113

Instructions: B i it s e
«  Select DATA Bga m T R RS romm

+ Select MegaStat = %
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Grouped Frequency Distributions

o Example: Sample of birthweight (0z) from 40 consecutive deliveries
58 118 92 108 132 32 140 138 96 161 120 86 115 118 95
83 112 128 127 124 123 134 94 67 124 155 105 100 112 141
104 132 98 146 132 93 85 94 116 113

LS

Instructions: M e e
 Select Frequency = B S P ————— o
Distribution .

 Select Quantitative ; = o -

52 o o= |

EoE =

vow ]|

= ‘ e

i i,
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Grouped Frequency Distributions

o Example: Sample of birthweight (0z) from 40 consecutive deliveries
58 118 92 108 132 32 140 138 96 161 120 86 115 118 95
83 112 128 127 124 123 134 94 67 124 155 105 100 112 141
104 132 98 146 132 93 85 94 116 113

Instructions: ' o

« Click on Input range
» Select your data

“column A” o

]
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Grouped Frequency Distributions

o Example: Sample of birthweight (0z) from 40 consecutive deliveries
58 118 92 108 132 32 140 138 96 161 120 86 115 118 95
83 112 128 127 124 123 134 94 67 124 155 105 100 112 141
104 132 98 146 132 93 85 94 116 113

Instructions: s e . o
» Enter Interval width

* Enter Lower boundary

of the first interval . A

+ Select the desired = =

1 ]

graphs : =
+ Histogram £ =
» Polygon
+ Ogive

+ Click OK
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Grouped Frequency Distributions

2-44

o Example: Sample of birthweight (0z) from 40 consecutive deliveries
58 118 92 108 132 32 140 138 96 161 120 86 115 118 95
83 112 128 127 124 123 134 94 67 124 155 105 100 112 141

104 132 98 146 132 93 85 94 116 113

[ e -
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Grouped Frequency Distributions

2-45

o Example: Sample of birthweight (0z) from 40 consecutive deliveries
58 118 92 108 132 32 140 138 96 161 120 86 115 118 95
83 112 128 127 124 123 134 94 67 124 155 105 100 112 141
104 132 98 146 132 93 85 94 116 113

Instructions: B o e o

+ Select the frequency ...
distribution table and :
copy it into your :
document.
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Grouped Frequency Distributions

o Example: Sample of birthweight (0z) from 40 consecutive deliveries
58 118 92 108 132 32 140 138 96 161 120 86 115 118 95
83 112 128 127 124 123 134 94 67 124 155 105 100 112 141
104 132 98 146 132 93 85 94 116 113

Instructions:
+ Edit your table

Birthweight cumulative
lower upper Midpoint width frequency percent frequency percent
32 < 51 42 19 1 25 1 25
51 < 70 61 19 2 5.0 3 7.5
70 < 89 80 19 3 7.5 6 15.0
89 < 108 99 19 10 25.0 16 40.0
108 < 127 118 19 12 30.0 28 70.0
127 < 146 137 19 9 225 37 92.5
146 < 165 155 19 3 7.5 40 100.0

40 100.0
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The Most Common Graphs for Continuous Data

|
o The histogram displays the continuous data that are organized in a
grouped frequency distribution by using vertical bars of various
heights to represent the frequencies.

o Example: Sample of birthweight
Instructions:

» Copy the histogram N Histogram
graph from Mega.Stat .
output and paste it .
into your document 220
10
5

1
&V < PN sy \Qq, @\ .\b?’ \éo
Birthweight
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The Most Common Graphs for Continuous Data

|
o The frequency polygon displays the continuous data that are
organized in a grouped frequency distribution by using lines that

connect points plotted for the frequencies at the midpoints of the
classes.

o Example: Sample of birthweight
Instructions: 350 -

« Copy the Frequency 300

polygon graph from 20 1
MegaStat output and

paste it into your g
document

Frequency Polygon

32 51 70 89 108 127 146
Birthweight
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The Most Common Graphs for Continuous Data

|
o The cumulative frequency graph or ogive represents the cumulative
frequencies for the classes in a grouped frequency distribution.

o Example: Sample of birthweight

Instructions:

» Copy the Ogive graph ogive
from MegaStat output 1000
and paste it into your
document

75.0

50.0 //
25.0

0.0

Cumulative Percent

32 51 70 89 108 127 146
Birthweight
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Other Types of Graphs

O

The tfime series graph represents data that occur over a specific

period of time.

o Example: Yearly cargo and mail traffic of an airline
Instructions: i
«  Copy the data table Year Carg%z;‘f?cMa"

into Excel sheet 1998 199368
1999 203402
2000 209102
2001 192702
2002 214587
2003 203480
2004 222418
2005 221344
2006 198063
2007 209119
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Other Types of Graphs

O

The fime series graph represents data that occur over a specific
period of time.

o Example: Yearly cargo and mail traffic of an airline
M l?? ‘_ ‘. ‘- T gl A B v ;:_ghl.- - A 4-.‘.’. 5 nr)
» Edit the table Il L : AR Mg
e SelectCargoand . .. e |
Mail Traffic o | e
column B e — =
* SelectINSERT =~ .. ... A
° 1T N\ ,\- \\/

Select Line Chart -~ e - -V

2004 222418

sons | osaes

0207 | 209119
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Other Types of Graphs

o The time series graph represents data that occur over a specific

period of time.

o Example: Yearly cargo and mail traffic of an airline

Instructions:

» Edit the graph by
selecting the
horizontal axis

» Click right on the
mouse

» Select Select Data

" Tcum il |

3 _Year Trfic |

2| 1996 | 199368 |
1999 | 200402

o _2000 | 3owtaz

¢ 2001 192702
2002 | 245wy
2003 | 303180

o 2004 | 222418
2005 | 213m
2005 | 198063

2007 | 20019 |

: /\’/\/j\/ |

¥
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Other Types of Graphs

o The time series graph represents data that occur over a specific

period of time.

o Example: Yearly carg

Instructions:
¢ Select Edit on the
right box

Traffic
2| 1058 | 199368
3| 1owe | 20340
+| 2000 209102
5| 2001 192702
«| 2002 214587
5| 2003 | a0sas0
of 2004 | 233418
»| 2005 221344
| 2005 | 198063
w2007 § 209019 |

o and mail traffic of an airline
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Other Types of Graphs

2sa g |
o The time series graph represents data that occur over a specific

period of time.

o Example: Yearly cargo and mail traffic of an airline

Instructions:

» Select the data in
Year, column A

* Click OK

* Click OK again

» Copy the graph

into your document "~

004 | 230418

.
[Cargo and Mail
o| Year |

Traffic

x| 1998

3| 1999 |

5| 2001

005 [ 221344

i 214587

i 203480

i 198063

1 2009

199368

203402

209102

192702
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Other Types of Graphs

26 |
o The time series graph represents data that occur over a specific

period of time.

o Example: Yearly cargo and mail traffic of an airline

Instructions:
» Edit the graph

225000
220000
215000
210000
205000
200000
195000
190000
185000
180000
175000

Cargo and Mail Traffic

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
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Other Types of Graphs

20 |
o A stem-and-leaf plotis a data plot that uses part of a data value as
the leaf, the less significant digits (the “units’), and the other part
of the data value as the stem, the most significant digit (i.e. the
‘tens”), to form groups or classes.

o It has the advantage over grouped frequency distribution of
retaining the actual data while showing them in a graphic form.

© All rights are preserved for Dr. Saeed A. Dobbah Alahamdi. Department of Statistics. Facultv of Sciences. KAU

Grouped Frequency Distributions

2s7 ) |

o Example: Sample of birthweight (0z) from 40 consecutive deliveries
58 118 92 108 132 32 140 138 96 161 120 86 115 118 95
83 112 128 127 124 123 134 94 67 124 155 105 100 112 141
104 132 98 146 132 93 85 94 116 113

Instructions: el
*  Open Excel =
» Enter the data in

column A
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Grouped Frequency Distributions

26 |
o Example: Sample of birthweight (0z) from 40 consecutive deliveries

58 118 92 108 132 32 140 138 96 161 120 86 115 118 95
83 112 128 127 124 123 134 94 67 124 155 105 100 112 141
104 132 98 146 132 93 85 94 116 113

Instructions: B i it s e
+ Select DATA e R Sy S 1EET
+ Select MegaStat = %

© All rights are preserved for Dr. Saeed A. Dobbah Alahamdi. Department of Statistics. Facultv of Sciences. KAU

Grouped Frequency Distributions

20 |

o Example: Sample of birthweight (0z) from 40 consecutive deliveries
58 118 92 108 132 32 140 138 96 161 120 86 115 118 95
83 112 128 127 124 123 134 94 67 124 155 105 100 112 141
104 132 98 146 132 93 85 94 116 113

(IR

Instructions: B e i o - o
» Select Descriptive N Corge : - : : -
Statistics ... t—
= d - =
2 e
: M =
s | 5 . e
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Grouped Frequency Distributions

o Example: Sample of birthweight (0z) from 40 consecutive deliveries

58 118 92 108 132 32 140 138 96 161 120 86 115 118 95
83 112 128 127 124 123 134 94 67 124 155 105 100 112 141
104 132 98 146 132 93 85 94 116 113

(IR

Instructions: I ot nmen

* Click on Input range ===

» Select your data =
“column A” =

« Unselect all choices =

* Select Stem and
Leaf Plot

e Click OK
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Grouped Frequency Distributions

o Example: Sample of birthweight (0z) from 40 consecutive deliveries

58 118 92 108 132 32 140 138 96 161 120 86 115 118 95
83 112 128 127 124 123 134 94 67 124 155 105 100 112 141
104 132 98 146 132 93 85 94 116 113

Instructions: . e s s e e D S

« Click on Input range

» Select your data e
“Column A”

» Unselect all choices

» Select Stem and 3
Leaf Plot

+ Click OK

+ Copy the graph into
your document
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Grouped Frequency Distributions

22 |
o Example: Sample of birthweight (0z) from 40 consecutive deliveries

58 118 92 108 132 32 140 138 96 161 120 86 115 118 95
83 112 128 127 124 123 134 94 67 124 155 105 100 112 141
104 132 98 146 132 93 85 94 116 113

Instructions: Stem and Leaf plot for Birthweight

Frequency Stem Leaf

Edit the graph 1 32

8
7

~N o obs

8 356

9 2344568
10 0458

11 2235688
12 034478
13 22248
14 016

15 5

16 1

PR Wwoo~NA~NWOR PO

S
o
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Summary

oeay |

O

O

When data are collected in the original form, they called raw data.

Since little information can be obtained from raw data, they must
be organized in a frequency distribution.

Categorical frequency distribution is used for qualitative data
(nominal or ordinal)

Ungrouped frequency distribution is used for discrete data.
Grouped frequency distribution is used for continuous data.

Pie chart is used mostly to represent nominal data.

Bar chart are used mostly to represent discrete and ordinal data.

Histogram, frequency polygon and ogive graphs are used to
represent continuous data.
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Summary

o6 |

o Time series graph is used to represent data that occur over specific
period of time.

o Stem and leaf plot is a combination of sorting and graphing. It
retains the actual data while showing them graphically.
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Chapter 3

Data Description

Obijectives

|
01 Summarize data using measures of central tendency, such as the
mean, weighted mean, median and mode.

01 Describe data using the measures of variation, such as the range,
variance, and standard deviation.

o Identify the position of a data value in a data set using quartiles.

o Use the techniques of exploratory data analysis such as the five-
number summary and boxplot to discover various aspects of data.
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Introduction

I

O

Data can be summarized numerically using measures of central
tendency, measures of variation and measures of position.

Measures of central tendency such as the mean, weighted mean,
medianand mode are used to describe a data set with a single value
that represents the middle or center of the data’s distribution.

Measures of variation such as the range, variance, and standard
deviation are used to describe a data set with a single value that
represents the spread of the data’s distribution.

Measures of position such as standard scores, percentiles and
quartiles are used to tell where a specific value falls within a data set .

Another type of statistics is called exp/oratory data analysis which is
used to get information about the center, spread, symmetry and
outliers of a data set.
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Introduction

(s y |
Before going any further, we need to distinguish between the

measures that are calculated using the values of a sample and using all

values of a population.

o A statistic is a characteristic or measure calculated using the data

values of a sample, e.g., the sample mean.

o A parameter is a characteristic or measure calculated using all the

data values of a specific population, e.g., the population mean.
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Measures of Central Tendency

I

o The meanis the sum of the values divided by the number of values.

Di=1%

o The weighted mean is used when the values in a data set are not all
equally represented. It is found by multiplying each value by its

corresponding weight and dividing the sum of the products by the sum
of the weights.

_ XqWitxaWa XWX Wi | = (Xprwy H X W+t Xy

w

Wi+ wy+ -+ wy, N E?:lwi *Wy)/(Wy+wa + -+ wy)

o Where W,,W,,..,W are the weights for X, X,,...X
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Measures of Central Tendency

A
o The median (MD) is the halfway point in a data set. It is found by
arranging the data in order and selecting the middle point.
o The mode value is the value that occurs most often in a data set.

o A data set with one value that occurs with greatest frequency is said
to be unimoadal ,e.g., (3,2,1,2,4,5,6) .

o A data set with two values that occur with greatest frequency is said
to be bimodal , e.g., (32,1,2,4,5,1).

o A data set with more than two values that occur with greatest
frequency is said to be multimodal , e.g., (4,5,3,3.2,1,2,6,1)

o When all the values in a data set occur with the same frequency is
said to have n0 mode, e.g., (32,3,2,1,5,5,1)
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Properties of Central Tendency

Measures
|
o The mean
o is computed by using all the values of a data set.
o varies less than the /median or mode.
o is unique, and not necessarily one of the data values.

o is affected by extremely high or low values and may not be the
appropriate average.

o The median
o is used when one must find the center or middle value of a data set.

o is used when one must determine whether the data values fall into
the upper half or lower half of the distribution.

o is affected less than the /mean by extremely high or extremely low
values.
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Properties of Central Tendency

Measures
|
o The mode
o is used when the most typical case is desired.
o is the easiest average to compute.

o can be used when the data are nominal, such as religious preference
or gender.

o is not always unique. A data set can have more than one mode, or
the mode may not exist for a data set.

© All rights are preserved for Dr. Saced A. Dobbah Alahamdi. Department of Statistics. Facultv of Sciences. KAU



Distribution Shapes
I

o Frequency distributions may assume different shapes. The most
important shapes are positively skewed , symmetrical , negatively
skewed .

o A coefficient of skewrness may calculated to measure the degree of
the skewness in a distribution. It ranges from -3 to 3. Negative value
means negative skewness, zero means symmetrical and positive
value means positive skewness. As the coefficient of skewness gets
further away from zero as the shape became more skewed.

o A comparison of the mean, median and mode values indicates the
type of skewness in the shape of a distribution.
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Distribution Shapes
(oo f .|

o Ina positively skewed or right skewed distribution, the majority of
the data values fall to the left of the mean and cluster at the lower
end of the distribution.| Mode < Median < Mean

Mode Median Mean
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Distribution Shapes

sof .|
o In a symmetrical distribution, the data values are evenly distributed
on both sides of the mean.| Mean = Median = Mode

Mode
Median
Mean
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Distribution Shapes

s |
o Ina negatively skewed or left skewed distribution, the majority of
the data values fall to the right of the mean and cluster at the upper

end of the distribution.| Mean < Median < Mode

Mean Median Mode
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Measures of Variation

s |
o The rangeis the highest value minus the lowest value in a data set.

o The varianceis the average of the squares of the distance each
value is from the mean.

Population Variance Sample Variance
C_INaew? | TR

N n

o The stanaard deviation is the square root of the variance.
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Measures of Variation

|
o The coefficient of variation is a measure of the dispersion of data
values around the mean value of the data. It is calculated by
dividing the standard deviation by the mean expressed as a
percentage.

o The coefficient of variation is mostly used to compare standard
deviations of two variables or more when the units or the values of
the means are different.

o Large coefficient of variation means large variability.
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Measure of Position

s .|
o A standard score or z score is used when direct comparison of raw
scores is impossible.

o The z score represents the number of standard deviations a data
value falls above or below the mean.

Population z-score| Sample z-score In Excel

x_ __ — -
PR it =(x—%)/s
a s

o Positive z value means that the value is above the mean and
negative z value mean that the value is below the mean

© All rights are preserved for Dr. Saced A. Dobbah Alahamdi. Department of Statistics. Facultv of Sciences. KAU

Measure of Position

s |
o Percentiles divide the data set into 100 equal groups.

o The percentile corresponding to a given value X is computed using
the following formula:

(number of values below X) + 0.5 100 = (countif (data;"<X") + 0.5)/n » 100
= *
total number of values
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Measure of Position

(s |
Finding a data value corresponding to a given percentile

1- Arrange the data in order from lowest to highest.

Select Data == HOME == Sort & Filter == Sort Smallest to Largest |

2- Substitute into the formula

C=T’-*p =n+*p/100
100

3- If ¢ is not a whole number, round up to the next number. Starting at
the lowest value, count over to the value that corresponds to the
rounded-up number.

4- if ¢ is a whole number, use the mid-value between the cth and
(c+1)st values when counting up from lowest value.
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Measures of Position

sor |
o Quartiles divide the distribution into four groups, denoted by @,,
., @,. Note that @, is the same as the 25™ percentile; @, is the
same as the 50" percentile or the median; and @, corresponds to
the 751 percentile.

o An outlier is an extremely high or an extremely low data value
when compared with the rest of the data values.

o Qutliers can be identified using the interquartile range (IQR)

which is a measure of variation that can be used when the data

contains outlier values. IQR=Q;- Q,
o Outliers can be the result of measurement or observational error.
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Exploratory Data Analysis

|
Exploratory data analysis includes the box plot and the five-number

summary.

o Boxplots are graphical representations of a five-number summary

of a data set.
o The five specific values that make up a 7/ve-number summary are

minimum, Q> @, Q& and maximum.

0 5 10 15 20 25 30 35 40 45 50 55 60 65
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Skewness and boxplot

so f |
0 Using the box:
o If the median is near the center of the box, the distribution is

approximately symmetric. m

o If the median is to the left of the box, the distribution is positively

skewed. 4|:|:|7

o If the median is to the right of the box, the distribution is negatively

skewed. ﬂ
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Applying the Concepts

sof |
o The following data represent salaries from a school district

10,000 11,000 11,000 12,500 14,300 17,500 18,200 14,700

18,000 16,600 19,200 21,100 15,400 50,000 15,700 15,200

o If you work for the school board and do not wish to increase salaries. Compute the
measures of central tendency and decide which one would best support your position.

o If you work for the teachers’ union and want a raise for the teachers. Use the best
measure of central tendency to support your position.

o Explain how outliers can be used to support one or the other position.

o If the salaries represented every teacher in the school district, would the averages be
parameters or statistics?

o Which measure of central tendency can be misleading when a data set contains outliers?

o When you are comparing the measures of central tendency, does the distribution display
any skewness? Explain.
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Applying the Concepts

s |
o The following data represent salaries from a school district

10,000 11,000 11,000 12,500 14,300 17,500 18,200 14,700

18,000 16,600 19,200 21,100 15,400 50,000 15,700 15,200

o If you work for the school board and do not wish to show a large variation in salaries.
Compute the measures of variation and decide which one would best support your
position.

o If you work for the teachers’ union and want to show a large variation in salaries. Use the
best measure of variation to support your position.

o Which measure of variation can be misleading when a data set contains outliers?
o From the coefficient of skewness, does the distribution display any skewness? Explain.

o If you take the first eight salaries as one group and the rest as another group, which group
is more variable?

o Find the z score for a teacher’s salary of 14000 and for a teacher’s salary 18000. Explain.
o Find the percentile rank of a teacher’s salary of 15400. Explain.
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Applying the Concepts

o The following data represent salaries from a school district
10,000 11,000 11,000 12,500 14,300 17,500 18,200 14,700
18,000 16,600 19,200 21,100 15,400 50,000 15,700 15,200
o What value corresponds to the 30t percentile?
o What value corresponds to the 50t percentile?

o Calculate the values of @, @, and @, and decide in which quartile a teacher’s salary
of 17000 falls.

o How many observations falls between the minimum and the median?
o s the data contains any outlier values?
o From the boxplot, comment on the skewness of the distribution.
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Applying the Concepts

(e2ay |

o Example: The following data represent salaries from a school district
10,000 11,000 11,000 12,500 14,300 17,500 18,200 14,700
18,000 16,600 19,200 21,100 15,400 50,000 15,700 15,200

Instructions: B v o e o
* Open Excel o — -
» Enter the data in 3“'12’22

column A ¢

7 17500
5 18200
9 14700
10 18000
11 16600
12 19200
13 2100
14 15400
15 50000
16 15700
1 15200
1
1
2
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Applying the Concepts

o Example: The following data represent salaries from a school district
10,000 11,000 11,000 12,500 14,300 17,500 18,200 14,700
18,000 16,600 19,200 21,100 15,400 50,000 15,700 15,200

Instructions: . e
e Select DATA oY 228 280008 A
* Select MegaStat : ‘ S

T

i

| e

1u 16600

5 e

|0

17 15200

::\_l

0

Gutpt | shaees |5 .
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Applying the Concepts

o Example: The following data represent salaries from a school district
10,000 11,000 11,000 12,500 14,300 17,500 18,200 14,700
18,000 16,600 19,200 21,100 15,400 50,000 15,700 15,200

H . [ EEN
Instructions: B s e mater ot o o
» Select Descriptive BN | | o [ & | ¢ < a1 %1 vw]nls
- - 1 sal
Statistics ¢ oo
4 11000
12500
14300
50
B 18200
L] 14700
10 18000
1n 16600
12 18200
13 21100
4 15400
15 50000
16 15700
17 15200
&
19
20
n
B
2 A
- n & E - ——+m]
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Applying the Concepts

o Example: The following data represent salaries from a school district

10,000 11,000
18,000 16,600

Instructions:

Click on Input
range

Select your data
“column A”
Check the boxes in
front of

e Mean

e Sample var ...

e Minimum ...

*  Median ...

*  Boxplot

e Skewness ...
Click OK

11,000 12,500 14,300 17,500 18,200 14,700
19,200 21,100 15,400 50,000 15,700 15,200

[ S

10000
11000
4 11000
5 12500
6 14300

17500
E 18200
s 14700
0 18000
1 16600
12 19200
1 21100
14 15400
15 50000
16
1
1
1

15700
15200
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Applying the Concepts

o Example: The following data represent salaries from a school district

10,000 11,000
18,000 16,600

11,000 12,500 14,300 17,500 18,200 14,700
19,200 21,100 15,400 50,000 15,700 15,200

LR
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Applying the Concepts

o Example: The following data represent salaries from a school district
10,000 11,000 11,000 12,500 14,300 17,500 18,200 14,700
18,000 16,600 19,200 21,100 15,400 50,000 15,700 15,200

Instructions: LER

Select HOME

Select Sort & ;T

Filter

10000
11000
11000
12500
14300
17500
18200
14700
18000
16600
19200
21100
15400
50000
15700
15200

The value corresponds to 30%

The value comesponds to 50%

4B 5 BS'300100

B 85  BSS0M00
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Applying the Concepts

o Example: The following data represent salaries from a school district
10,000 11,000 11,000 12,500 14,300 17,500 18,200 14,700
18,000 16,600 19,200 21,100 15,400 50,000 15,700 15,200

Instructions: =
+ Select your Data

» Select HOME B
«  Select Sort & Filter :
» Select Sort :

Smallest to Largest

o

10000
11000
11000
12500
14300
17500
18200
14700

16600
19200
21100
15400

15700
15200

The value corresponds to 30%

The value comesponds to 50%

48 5 B5'0M00

8 80 B5'50M00
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Applying the Concepts

o Example: The following data represent salaries from a school district
10,000 11,000 11,000 12,500 14,300 17,500 18,200 14,700

18,000 16,600 19,200 21,100 15,400 50,000 15,700 15,200

LS

1 sl

10000

11000
4 11000 The value comespands ta 30% 48 5 BS30M00 14300
5 12500

14300 The value comesponds to 50% 8 89 BS5000 15550 [AG+A10)/2
7] w0 »

15200
5 15400
0 15700
1 16600
12 17500
13 18000
14 18200
15 15200
16 21100
17 50000
1
1
2
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Summary

sao |
0 Measures of central tendency such as the mean, median and mode are
used to summarize data.

o The mean is the sum of values divided by the total number of values.
o The median is the middle value of an ordered data set.
o The mode is the most frequent data value.

01 Measures of variation such as the range, variance and standard
deviation are used to describe the spread of data.

o The range is the distance between highest value and lowest value.

o The variance is the average of the squares of the distance between the
mean and each value in a data set.

o The standard deviation is the square root of the variance.
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Summary

0 Measure of position such as the standard scores, percentiles and
quartiles are used to identify the position of a data value.

o Standard score is the number of standard deviation that a data value is
above or below the mean.

o Percentile is the position in hundredths that a data value holds in the
distribution.

o Quartile is the position in fourths that a data value holds in the
distribution.

© All rights are preserved for Dr. Saced A. Dobbah Alahamdi. Department of Statistics. Facultv of Sciences. KAU

18



Dr. Saeed A. Dobbah Alghamdi

Department of Statistics
. Faculty of Sciences .
Building 90, Office 26F41
King Abdulaziz University
http:/ /saalghamdy.kau.edu.sa

Main Reference

. Elementary Statistics .

A Step by Step Approach
By
Allan Bluman




Chapter 4

Probability
= =

and

Counting Rules

Objectives

e
0 Determining sample space.
0 Finding the probability of an event and compound events.
0 Finding the total number of outcomes in a sequence of events.
0 Finding the total number of selecting 7 objects from 770bjects.

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU



Introduction

|
0 Probability as a general concept can be defined as the chance of an
event occurring.
o Probability are used in games of chance, insurance, investments,
weather forecasting and in various other areas.
o Rules such as the fundamental counting rule, permutation rule and

combination rule allow us to count the number of ways in which
events can occur.
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Basic Concepts

e
o A probability experimeritis achance process that |eads to well-
defined results called outcomes.

o An outcomeisthe result of asingletrial of aprobability
experiment.

o A sample spaceis the set of all possible outcomes of a probability
experiment.

o An event consists of a set of outcomes of a probability experiment.

o An event with one outcomeis called a simple event and with more
than one outcome is called compound event.
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Basic Concepts

Find the sample space for the gender of the children if afamily has
three children and give an example for a ssmple event and another
one for acompound event. Use B for boy and G for girl.

There are two genders and three children, so thereare 23 = 8
possibilities as shown here;

BBB BBG BGB GBB BGG GBG GGG GGB

So, the sample spaceis
S={BBB, BBG, BGB, GBB, BGG, GBG, GGB, GGG}

- Simple event as £={ BBB}
- Compound event as £={BBG, BGB, GBB}
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Basic Concepts

sy |
0 A free diagramis adevice used to list all possibilities
of a sequence of events in a systematic way.

Cincinnati

Plane, Bus

Pittsburgh

Plane, Boat

Plane, Auto

Train, Bus

New York Train, Boat

Train, Auto

Bus, Bus

Bus, Boat

Bus, Auto
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Basic Concepts

Example

Find the sample space for the gender of the children if afamily has
three children. Use B for boy and G for girl.

B BBB

/ B< G BBG
\ -8 BGB
G

/ T BGG
\ . < B GBB

/ G GBG
G\G o B GGB

T GEE
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Basic Concepts

0 Equally likely eventsare events that have the same probability of
occurring.

o Venn diagramsare used to represent probabilities pictorially.

A
P(A and B)
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Classical Probabillity

|
0 Classical probability uses sample spaces to determine the
numerical probability that an event will happen. It assumes that all
outcomes in the sample space are equally likely to occur.

o The probability of an event £ can be defined as

n(E) Number of outcomes in E
n(S) Number of outocmes in the sample space

P(E) =
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Classical Probability

If afamily hasthree children, find the probability that two of the
children aregirls.

The sample spaceis
S={BBB, BBG, BGB, GBB, GGG, GGB, GBG, BGG}
The event of two girlsis
E={GGB, GBG, BGG}
Hence, the probability that two of the children are girlsis

n(E 3
= ( )——:0.375

PE =0 "8
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Probability Rules

so] e

1 The probability of an event £isanumber (either afraction or
decimal) between and including O and 1. Thus, 0 < P(E) <1 .

> If an event £cannot occur (i.e., the event contains no membersin
the sample space), the probability is zero.

s If an event Eiscertain, then the probability of £isone.

4. The sum of the probabilities of the outcomes in the sample space
isone.
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Probability Rules

When asingledieisrolled, find the probability of getting anine.

Since the sample spaceis S={1, 2, 3, 4, 5, 6}, it isimpossible to get a
9. Hence,

P(9) = o 0
==
When asingle dieisrolled, what is the probability of getting a

number less than 77?
Since all outcomes in the sample space are less than 7, then

6
P(<T)=z=1
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Complementary Events

4-12

o The complement of an event Eisthe set of outcomesin the sample
space that are not included in the outcomes of event £ The
complement of £isdenoted by E.

o Rule for Complementary Events, P(E) + P(E) = 1
Thus, P(E) =1—-P(E) or P(E) =1— P(E).
o Complementary events are mutually exclusive.

PE)=1 P(E)
Simple Prabability P(E)=1-P(E)
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Complementary Events

Find the complement of each event.

a. Rolling adie and getting a4.

Getting 1,2,3,50r 6

b. Selecting aletter of the alphabet and getting a vowel.
Getting a consonant

c. Selecting a month and getting a month that begins with a J.

Getting February, March, April, May, August, September, October,
November or December

d. Selecting a day of the week and getting a weekday.
Getting Friday or Saturday
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Complementary Events

Example

If the probability that a person livesin an industrialized country of
the world is% , find the probability that a person does not livein an

industrialized country.

P(not living in an industrialized country) = 1 —% = % =0.8
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Empirical Probability

o Empirical probability relies on actual experience to determine the
likelihood of outcomes. It doesn't assumes that all outcomes in the

sample space are equally likely to occur.
o Given afrequency distribution, the probability of an event being in
agivenclassis:

frequency for the class _ f

P(E) = —
(E) sample size n
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Empirical Probability

Example
In asample of 50 people, 21 had type O blood. 22 had typeA, 5 had
type B blood and 2 had type AB blood. Set up afrequency

distribution and find the following probabilities: -
a. A person has type O blood. T || e
A 22

21
P(0) = — = 0.42

50 B 5
b. A person has type A or type B blood. = -
22+5
P(AorB) = co - 0.54 AB 2
c. A person has neither type A nor type O blood. Total 50
Bilaatder 4 0)_5+2_1 22+21_O14
neictner nor = 50 = 0 = ().

d. A person does not have type AB blood.
P(not AB) =1 —2/50 = 0.04
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Mutually Exclusive Events

4y |
o Two events are mutually exclusiveif they cannot occur at the same
time (i.e., they have no outcomes in common).

o Example: rolling adie and getting an even or an odd number.

o In the case of mutually exclusive events, the probability of two or
more events can be determined by the addition rules

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU
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Mutually Exclusive Events

Determine which events are mutually exclusive and which are not,
when asingledieisrolled.

a. Getting a 3 and getting an odd number.

The events are not mutually exclusive, since thefirst event isa 3 and
then second event is 1, 3 or 5. Hence, 3 is contained in both events.

b. Getting an odd number and getting a number less than 4.

The events are not mutually exclusive, since thefirst event canbe 1, 3
or 5 and the second eventis 1, 2 or 3. Hence, 1 and 3 are contained in
both events.

c. Getting a number greater than 4 and getting a number less than 4.
The events are mutually exclusive, since thefirst event is5 or 6 and
the second eventis1, 2 or 3.
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Addition Rules

4-19

o When two events A and B are mutually exclusive, the probability
that A or Bwill occur is
P(A or B) = P(AP) + P(B)

o When two events A and B are ot mutually exclusive, the
probability that A or Bwill occur is
P(A or B) = P(AP) + P(B) — P(A & B)

P(Aand B)
P(S)=1 P(S)=1
Mutually Exclusive Events Nonmutually Exclusive Events

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU
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Addition Rules

Example

A box contains 3 glazed doughnuts, 4 jelly doughnuts and 5 chocolate
doughnuts. If a person selects a doughnut at random, find the
probability that it is either a glazed doughnut or a chocolate doughnui.

The total number of doughnutsin the box is 12 and the events are
mutually exclusive, so

3 5 8
P(GOTC)=P(G)+P(C)=E+E=E=O.667
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Addition Rules

Example

A day of the week is selected at random. Find the probability that it is
aweekend day (Friday or Saturday)

The total number of daysin aweek is 7 (5 weekdays and 2 weekend)
and the events are mutually exclusive, so

P(F or S) = P(F) + P(S) = = ; = 0.286

N =
N =

+
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Addition Rules

Example

In a hospital unit there are 8 nurses and 5 physicians; 7 nursesand 3
physicians are females. If astaff is selected, find the probability that
the subject isanurse or amale.

The events are not mutually exclusive and the sample spaceis

Staff Female Males Total
Nurses 7 1 8
Physicians 3 2 5
Total 10 3 13
P(N or M) = P(N) + P(M) — P(N & M) =£+i—i E= 0.769

13 13 13 13

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU

Independent and Dependent Events

o Two events A and B are /ndependentif the fact that A occurs does
not affect the probability of B occurring.

o When the outcome or occurrence of the first event affects the
outcome or occurrence of the second event in such away that the
probability is changed, the events are said to be deperident.

o The mwltiplication rules can be used to find the probability of two
or more events that occur in sequence.

o When two events are independent, the probability of both occurring
is:

P(Aand B) = P(A) = P(B)

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU
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Independent and Dependent Events

Example

An urn contains 3 red balls, 2 blue ballsand 5 white balls. A ball is
selected and its color noted. Thenitisreplaced. A second ball is
selected and its color noted. Find the probability of each of these.
a. Selecting 2 blue balls

2 2 4
P(BandB)zP(B)*P(B)=1—0*1—0=1—00=0.04
b. Selecting 1 blue ball and then 1 white ball
2 5 10
c. Selecting 1 red ball and then 1 blue ball
3 2 6
P(RandB)=P(R)*P(B)=1—O*1—0=m=0.06
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Independent and Dependent Events

Example

Approximately 9% of men have atype of color blindness that prevents
them from distinguishing between red and green. If 3 men are selected
at random, find the probability that all of them will have this type of
red-green color blindness.

Let C denote red-green color blindness. Then

P(C and C and C) = P(C) * P(C) + P(C) = % * 1%0 : % =0.000729

Hence, the rounded probability is 0.0007

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU
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Counting Rule

sy |

o The multiplication rule can be used to determine the total number of
outcomes in a sequence of events.

o Fundamental counting rule

In asequence of neventsin which the first one has 4; possibilities
and the second event has 4, and the third has 4; and so forth, the
total number of possibilities of the sequence will be:

kqxkyxks*- %k,

o Note: “And” in this case means to multiply.

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU

Counting Rule

A paint manufacturer whishes to manufacture several different paints.
The categoriesinclude

Color  Red, blue, white, black, green, brown, yellow

Type  Latex, ail

Texture Flat, semi gloss, high gloss

Use Outdoor, indoor
How many different kinds of paint can be made if a person can select
one color, one type, one texture and one use?

Since there are 7 color choices, 2 type choices, 3 texture choices and 2
use choices, then the total number of possible different paintsis

7%2%3%x2 =84

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU
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Counting Rule

Example

Thedigits0, 1, 2,3, 4,5, 6, 7, 8and 9 are to be used in afour-digit ID
card. How many different cards are possible if

~ repetitions are permitted?

Since there are 4 spacesto fill and 10 choices for each space, then the
number of possible different cardsis

10«10 = 10 * 10 = 10* = 10000

~ repetitions are not permitted?

Since there are 4 spacesto fill and 10 choicesfor first space, 9 choices
for the second space, 8 choices for the third space and 7 choices for
fourth space, then the number of possible different cardsis

10+ 9 x 8 « 7 =5040
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Permutations

saof |
o The arrangement of /70bjectsin a specific order using 7 objects at a

timeis called a permutation of n objects taking r objects at a time. It

iswritten as /~,, and the formulais
n!

nfr = (n—1)!
where

n=nxnh-1)xn-2)x--x1
0ol=1

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU
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Permutations

Suppose a business owner has a choice of five locationsin which to
establish his business. He decide to rank each location according to
certain criteria, such as price of the store and parking facilities. How
many different ways can he rank the five locations?

Since there are 5 choices for the first location, 4 choices for the second
location, 3 choices for the third location, 2 choices for the fourth
location and 1 choice for the last location, then the number of waysis

51

= =5=5%4%x3%x2x1=120
|

(5 -5)!
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Application Using Excel

Example “ Permutation”

Step 1: Select “DATA” tab or “ADD-INS’ tab in older versions ]

[ |
BN o o i s oo . o st Y Step 2

Sheetl
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Application Using Excel

| s Bosk - el o

F G

H 1 1 K L~
Step 6: Typein then valuewhich is5in this case

T

e |||

we | |l

Step 7: Typein ther valuewhich is5in thiscase

Step 8: Click “ Preview” to seetheresult
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Permutations

A television news director wishes to use three news stories on an
evening show. One story will be the lead story, one will be the second
story and the last will be aclosing story. If the director has atotal of
eight stories to choose from, how many possible ways can the program
be set up?

Since the order isimportant, then the number of waysto set up the
programis
8! 8! 8x7x*6=*5!

(8—3) 5 51 t

8P3
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Application Using Excel

Example “ Permutation”

 Step 1: Select “DATA” tab or “ADD-INS' tab in older versions

1
2
| 3
|4 yohadat
s ‘Confidencn [ervai/Sample Sire... | | Déicrets Probabsimy Distriutions Cavet |
Hvpatests Tests Mo Dt
B Ansbyis, of Variwen DIt ution ety |
Comslation | Regression Dot
¥ Time: Setes | Foreanting hi-sopsare- Dbt fstion
Chi-saoare | Cronstab
8 [
9 Qualiy Control Process Charts
10 ||| marstims Morrtwe Gameration
1 1| vt Inforsmation
12 k| i
= = o o H
14
15
16
17
18
19

shetl @) i v
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Application Using Excel

Example * Permutation”

ok - L > W - A X
MOME  DSEAT  PAGELAYOUT  FORMS

EW LA pRAL seesmsnsins 1t = Y

Hbrnone Dugleates [5 W0t 8 A+ &
Uegatin

s 5 Dt Virhetitase =

Dot e Cuies 0 e -

Step 6: Typein then valuewhich is8in

Step 8: Click “ Preview” to seetheresult

Sheetl | (@
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Combinations

N

o A selection of distinct objects without regard to order iscalled a
combination.

o The number of combinations of 7 objects selected from 70bjectsis
denoted ,C. and is given by the formula

n!
nlr = (n—1)! 7!
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Combinations

How many combination of 4 objects are there, taken 2 at atime?

Since thisis a combination problem, then
B 4! _4*3*2!_4*3_
S (A=2)!x20 0 20x21  2x1

4C2
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Application Using Excel

Example “ Combination”
 Step 1: Select “DATA” tab or “ADD-INS' tab in older versions

1
2
| 3
|4 yohadat
s ‘Confidencn [ervai/Sample Sire... | | Déicrets Probabsimy Distriutions Cavet |
Hvpatests Tests Mo Dt
B Ansbyis, of Variwen DIt ution ety |
Comslation | Regression Dot
¥ Time: Setes | Foreanting hi-sopsare- Dbt fstion
Chi-saoare | Cronstab
8 [
9 Qualiy Control Process Charts
10 ||| marstims Morrtwe Gameration
1 1| vt Inforsmation
12 k| i
= e o O o
14
15
16
17
18
19

Sheetl ! | ie 0
& mm-— s
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Application Using Excel

Example * Combination”

e = = -

BN o PAGELKVOUT  FORMULAS

Step 8: Click “ Preview” to seetheresult

sheetl | (3
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Combinations

In aclub there are 7 women and 5 men. A committee of 3 women and
2 men isto be chosen. How many different possibilities are there?

Here, one must selects 3 women from 7 women and selects 2 men
from 5 men. Then, using the fundamental counting rule we can find
the total number of different possibilities.

7! 5!

=2 Gz o0

703 %5 C; =
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Application Using Excel

Example “ Combination”

Step 1: Select “ DATA” tab or “ADD-INS’ tab in older versions ]

[ i
O o e Stepz

T PAGILAYOMT PORMULAS | DATA | RIVIDW  ‘aIW AED AHMAT tossmssmsssss uL G =

1
2
| 3
| 4
5
Ansbyi of Yarlaees
& Comslation | Regression -Dustrtastion ]|
7 Time Serles | Forecinting s Dbt o
Chi-saoare | Cronstab
8 L et Tty
9 Qualiy Control Process Charts
10 Sacim Narrbr Genaatin.
n el | Inforsmation
12 Y i
s | == o o o
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Application Using Excel

imk‘ﬁ "T.'—'[xl

o

BET  PAGE LAYOUT

Step 7: Typein ther valuewhichis3in

Sheett | 3
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Application Using Excel

Example “ Combination”

rw - o ox
S ucriimn S

1

2

3

a 7n

5 Ar

& 35] nCr. numier of cominations of n things 1aken r at a tme
7

8

3555 LN(nCr}

Output | Shewtl | @
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Application Using Excel

Example “ Combination”

i  Step 1: Select “DATA” tab or “ADD-INS’ tab in older versions
[ .  x Step‘z

WOME  BSENT  PAGELAYOUT  FORMULAS oW SAED AHRAL) ssstesisselt A .--am--

Tyfeom acoem

et
T acrancrd ot

1
2
3
4
5
[ Comlidhoncs EstrrvidsSampht S Discretie Probatibiy Disribaions Cance
7 et Tess Normal Distrittion
Anabysn o Vaslance tDhstribation

B 555 LhnCT) Cormviation | Regression I e
9 Tiese Series | Forecasting Chisquare-Divisiution
10 Chi-iduan | Crowtats

arnetric Tests
n Quusity Comtred Prociss Charts.
12
13 Rarhorn Musber Geeniatens
14 Help | bfrmation
15
I | s o ®
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Application Using Excel

s

W DGERT  PAGELAYOUT  FORMA

ar -
35 Cr, number of combinal|

3.555 LNinCr}

Step 7: Typein ther valuewhichis2in

Dutput  Shewti o
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Application Using Excel

Example “ Combination”

| e e

D APRIATY
Pmmcrre Dugpbeaty. (55 Wt 1 Bvtabyas -

14 10.gCr. number of combinations of m things taken r at a tme

16 23003 LM{nCr)

Output | Sheet
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Application Using Excel

Example “ Combination”

[

PAGE LAVDUT  FORMULAS

A B c o E F G H 1 ) K L =
1
2 FactorialPermutations/Combinations
3
4 Tn
5 3r
[} 357Cr, number of combinations of n thingsTa
i
B 3555 LN{nCr)
9|
10 Factorial/Permutations/Combirfations
1
3 s =B6*B14
13 2r
14 10“RCr. number of combinations of n things taken r al a time
15
16 2303 LN{nCr)
17
18
19
20
7 o

output | Seeti | (@)
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Summary

|
The two types of probability are c/assical and empirical.

Classical probability uses sample spaces and assumes that all
outcomes in the sample space are equally likely to occur.

Empirical probability uses frequency distributions and is based on
observations.

Two events are said to be mutually exclusiveif they cannot occur
together at the same time.

Events can be independent or dependent if they occur in sequence.

If events are independent, whether or not the first event occurs
does not affect the probability of the next event occurring.

If the probability of the second event occurring is changed by the
occurrence of thefirst event, then the events are dependent.

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU

Summary

Rule Definition

Multiplication rule  The number of ways a sequence of nevents can
ki ko kg k, occur; iIf the first event can occur in k; ways,

the second event can occur in 4, ways, etc.

Permutation rule  The grrangement of 770bjectsin a specific order

n

Combination rule

n!

- using 7 objects at atime (order isimportant)

B (n—r)!

The number of combinations of 7 objects
n! selected from 77 0bjects (order is not important)

07 = (n-r)!r!

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU
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Review Examples

A combination lock consists of the 26 letters of the
alphabet. If a 3-letter combination is needed, find the
probability that the combination will consist of the letters
ABC in that order. The same letter can be used more than
once.

1-50
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Review Examples

There are 8 married couples in a tennis club. If 1 man and
1 woman are selected at random to plan the summer
tournament, find the probability that they are married to
each other.

1-51
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Review Examples

Given the letters A, B, C, and D, list the permutations and
combinations for selecting two letters.

1-52
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Review Examples

A school musical director can select 2 musical plays to
present next year. One will be presented in the fall, and one
will be presented in the spring. If she has 9 to pick from,

how many different possibilities are there?

1-53
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Review Examples

Suppose a business owner has a choice of 5 locations in
which to establish his business. He decides to rank only the
top 3 of the 5 locations. How many different ways can he
rank them?

1-54
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Review Examples

There are four blood types, A, B, AB, and O. Blood can also
be +ve or -ve. Finally, a blood donor can be classified as
either male or female. How many different ways can a
donor have his or her blood labeled?

1-55
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Review Examples

A coin is tossed and a die is rolled. Find the number of
outcomes for the sequence of events.

1-56
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Review Examples

A Harris poll found that 46% of Americans say they suffer
great stress at least once a week. If three people are
selected at random, find the probability that all three will
say that they suffer great stress at least once a week.

1-57
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Review Examples

A coin is flipped and a die is rolled. Find the probability of
getting a head on the coin and a 4 on the die.

1-58
© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU

Review Examples

The probability of a person driving with a friend is 0.32, the
probability of a person having a driving accident is 0.09,
and the probability of a person having a driving accident
while driving with a friend is 0.15. What is the probability
of a person driving with a friend or having a driving
accident?

1-59
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Review Examples

The corporate research and development centers for three
local companies have the following number of employees:

U.S. Steel 110
Alcoa 750
Bayer Material Science 250

If a research employee is selected at random, find the

probability that the employee is employed by U.S. Steel or
Alcoa.

1-60
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Review Examples

A city has 9 coffee shops: 3 Starbuck’s, 2 Caribou Coffees,
and 4 Crazy Mocho Coffees. If a person selects one shop at
random to buy a cup of coffee, find the probability that it

is either a Starbuck’s or Crazy Mocho Coffees.

1-61
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Review Examples

Hospital records indicated that knee replacement patients
stayed in the hospital for the number of days shown in the

distribution.
Number of days stayed 3 4 5 6 7 I
Frequency 15 32 56 19 5 127

Find these probabilities.

a. A patient stayed exactly 5 days.
b. A patient stayed at most 4 days.
c. A patient stayed less than 6 days.
d. A patient stayed at least 5 days.

1-62
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Review Examples

Find the probability of getting identical number of spots
when rolling two dice.

1-63
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. Discrete Probability .

Chapter 5

Distributions

Objectives

(s

O

O

Constructing a probability distribution for arandom variable.

Finding the mean, variance, and expected value for a discrete random
variable.

Finding the exact probability for x successesin mtrials of abinomial
experiment.

Finding the mean, variance, and standard deviation for the variable of
abinomial distribution.
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Introduction

|
o Many decisionsin business, insurance, and other real-life
situations are made by assigning probabilitiesto all possible
outcomes pertaining to the situation and then evaluating the
results.

o This part explains the concepts and applications of probability
distributions. In addition, a special probability distribution called
binomia distributionis explained.
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Discrete Probability Distribution

e
o A random variable is a variable whose values are determined by
chance.

0 A discrete probability distribution consists of the values arandom
variable can assume and the corresponding probabilities of the
values. The probabilities are determined theoretically or by
observation.
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Discrete Probability Distribution

Construct a probability distribution for rolling asingle die.

Since the sample space is S={ 1,2,3,4,5,6} and each outcome has a
probability % , the distribution will be

Outcome X | 1 2 3 4 5 6

Probability P(X)‘ 6 16 U6 U6 U6 16

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU

Discrete Probability Distribution

Example
Represent graphically the probability distribution for the sample space
for tossing three coins.

Number of heads X | 0 1 2 3
Probability P(X) ‘ s 38 38 U8
0.400
- 0.300
Z 0200
e B
0.000 T T T
0 1 2 3

Number of heads
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Discrete Probability Distribution

Example
During the summer months, arental agency keeps track of the number of
chain sawsit rents each day during a period of 90 days. The number of
saws rented per day is represented by the variable X. Theresultsare
shown here. Compute the probability A.X)for each X and construct a
probability distribution and graph for the data. X [0 1 2 Toa
#of days | 45 30 15 90

45 30 15
P(X=0)=55=05,P(X =2) =55 =0333,P(X =2) = 5 = 0.167

0.600
0.500
X | 0 1 2 = 0400
0.300
P(X) ‘0.5 0333 0167 0.200 l
0.100 -
0.000

Number of saws
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Probability

Requirements for a Probability

Distribution
G [ e

o The sum of the probabilities of al the eventsin the sample space

must equal 1;
Sx-1

o The probability of each event in the sample space must be between

or equal toOand 1;
0<PX)<1
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Requirements for a Probability

Distribution
Determine whether each distribution is a probability distribution.

l"‘x|05101520'°-x 1 2 3 4
P(X) ‘ U5 15 15 15 1/5 PX) | v4 U8 16 916

Cx |o 2 a4 6 Gx |2 3 7
PX)| -10 15 03 02 PX)| 05 03 04

a. Yes, it isaprobability distribution.

b. No, it isnot a probability distribution, since P(X) cannot be 1.5
or -1.0.

C. Yes, itisaprobability distribution.

d. No, itisnot, since
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Mean of a Probability Distribution

e
In order to find the mean for a probability distribution, one must
multiply each possible outcome by its corresponding probability and
find the sum of the products.

i = XaPOG) + XoP(Kp) + 4 Xy P(X) = ) [X X P()]
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Mean of a Probability Distribution

In afamily with two children, find the mean of the number of children
who will be girls.

The probability distribution is

#ofgisX | 0 1 2
P(X) |v4 12 14

Hence,

1 1 1
= X X P =0X—4+1XxXx=—-4+2x—=1
p= ) [Xx PG +H1X5+2x7

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU

Application Using Excel

Example “Mean”
Step 2: Add another column as® X * P" written “ =A2*B2 " then apply to other rows

Baokl < Excel s m - O %
A REVIEW  VIEW BAST) AHMAL teseemssenrents a1 oot - 1Y

Sheetl ® . 0 i
e s e ]
© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU




Application Using Excel

Example “Mean”
Step 2: Add another column as® X * P" written“ = A2*B2“ then apply to other rows

Bookl + Escel
REVIEW VIEW SAED Apepraf) s

E F G H I 1E
1 x 3]
2 0
3 17 050 0.5
4 2 0.25 05 :! Step 3: Find the sum of the multiplications
5 =SUM{E2:CA)
% e T
7
8
9
10
11
12
13
14 T

[em———————=RENsE == ]
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Application Using Excel

Example “Mean”

=R . Bookl + Excel = I =
MOME  NSERT  PAGELAYOUT FORMULAS DATA  FEVEW  VIEW. SAED) AHMALY sesasensentt 1 Gty - L)
o ¥ T 1 B lnsert - A
> [catib -t - KK B2 B Genenl ’] ':_!:":":' gy _}lz T
Mot g ry- - DA- aw E-T-%o w3 Eirom- | @ - 208 i
Clphowd & Font . Abgament 5 s s Eduing A
(3 - I w~
A G H 1 IF
1 x 4]
2 0
3 1
4 2
5
6
7
8
9
10
11
12
13
14 =
Sheet1 : P '
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Mean of a Probability Distribution

If three coins are tossed, find the mean of the number of heads that

Ooccur.

The probability distribution is

# of heads X 0 1 2 3
P(X) /8 3/8 3/8 1/8
X P(X) 0O 38 6/8 3/8
Hence,
3
U= XXP(x)—0+ + = +§=1.5
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Application Using Excel

Example “Mean”

Step 1: Input datain columns

3 sheetl | (B 0 T
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Step 2 Add another columnas® X * P” wntten = AE*BZ then apply to other rows

......




Application Using Excel

Example “Mean”
Step 2: Add another column as® X * P” written“ = A2*B2" then apply to other rows

Bookl + Excel > m - O %
REVEW  VIEW. SAED AHMAL tetssssesstes 4 g Y
- Aw H
: s Sk ok
q Lido)
Parber Sty ol ng ~
A B [ D E : G H 1 I
a1 P 2.3
2 0 0.13] 0
3 1 038, 0375
4 2 038 075
5 3 0.13;  0.375 :J1 Step 3: Find the sum of the multiplications I
6 =SUM(E2Caly
T SUM numberl: [number]
8
9
10
1
12
13
1? » Sheetl ia * T

T M W e F— 5 L]
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Application Using Excel

Example “Mean”

BH Bookl~ Excel F W - g %
HOME | INSERT  PAGELAYOUT  FORMULAS  DATA  REVEEW  VIEW. SAFD AMMAL seissseeises 4 e+ )

- ‘o AN B #- v B Genen - beert E ‘27 H

e 0wy - A . %092 : -:'?“:f-s:'.“,l?

Chpbourd Fert Algament Nurmbee Edteg -

o X v & -
A B C D E F G H 1 ks

1 x p x*p

2 o 0.13 o

3 1 0.38 0.375

4 2 0.38 0.75

5 3 0.13

6

7]

8

9

10

11

12

13

14 -

Sheetl e .
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Mean of a Probability Distribution

The probability distribution shown represents the number of trips of
five nights or more that American adults take per year. Find the mean.

# of trips X

0

1 2 3 4

P(X)

0.06 0.70 020 0.03 0.01

X P(X)

0

0.70 0.40 0.09 0.04

Hence,

u=Y[XXP(x)]=0+0.7+ 0.4+ 0.09 + 0.04 =1.23
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Application Using Excel

Example “Mean”

BRI NV R SR
Bwn=O

w

10
11
12
13
14

Sheetl

Step 2: Add another column as® X * P" written “ = A2*B2*“ then apply to other rows
. $- 3 Exced g m
FILE WOME  INSERT TA r eeaelp

o x

@ o 3
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Application Using Excel

Example “Mean”

Step 2: Add another column as® X * P” written* = A2*B2" then apply to other rows

WU S o - " hookliafaent P =
“ WOME | INSERT REVIEW  VEW SAED AHMAL sesvesseesiestt a1 Griamy o T
E- Aw
P Find &
i o ok =
3 B G H 1 1=

1

2 0

3 1 :

4 2 0.20 0.4/

5 3 0.03 0.09]

R

7 =SUM(C2:C6)

3 SUMOnumber]. [mumber]

9

10

1

12

13

14 -

Sheetl ] »
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Application Using Excel

Example “Mean”

IDIH"J- *5 s Book « Bucel g @ - 0 =
HOME | INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VEW SAFD AHMAL sosssriansis & o = Y
I ’ Catibel - KK IR  re— P, g .::::e E Al |
M B aA e (BB 0 et 8 e o S
Cipbowd % Tt . et . basmeet ; P ot [ ~
=] . I ~
A B e D E F G H I JI-

1 x P x*p

2 0 0.06 0

3 1 0.70 0.7

4 2 0.20 04

5 3 0.03 0.09

6 4 0.01 Themean value

i

g |

9

10

11

12

13

14 =

‘ Sheetl 7 D
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Variance of a Probability Distribution

o The variance of a probability distribution is found by multiplying
the square of each outcome by its corresponding probability,
summing those products, and subtracting the square of the mean.

o The formulafor calculating the varianceis:
= Z[x2 x P(X)] — u?

o The formulafor the standard deviation is:

o= ot

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU

Variance of a Probability Distribution

Find the mean, variance and standard deviation for the probability
distribution for the number of spots that appear when adie istossed is

Outcome X 1 2 3 4 5 6 >

Probability P(X) | 1/6 16 1/6 16 16 1/6 1
X X P(X) 1/6 2/6 3/6 4/6 5/6 6/6 21/6
X? x P(X) 1/6 4/6 9/6 16/6 25/6 36/6 | 91/6

Hence,

uzZ[XxP(x)] = 21/6
2
02 =T[X2 x P(X)] - p? =2 — (%) = 2917
o =02 =2.917 = 1.708

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU
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Application Using Excel

Example “ Variance and Standard deviation”
Step 2: Add another column as® X * P” written “ = A2*B2“ then apply to other rows

N asf X42'

Q

A B C E F G H I J=
1 x p x*p x"2*p
2 | 1 L- 0.16667/=A2°C2 |
3 2 0.17 0.33333
4 3 0.17 0.5
3 4 0.17 0.66667
3} 5 0.17 0.83333
i 6 0.17 1
8
9
10
11
12
13
14 =
. sheetl (@ i '
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Application Using Excel

Example “ Var
Step 2: Add another column as

iin as“"XA2** P written* =A2*C2* then
== ¥ AnMAlL

REVEW VIEW 13 ree

017 0.16667
0.17 033333
0.17 05
0.17 0.66667
0.17 083333
017 1
35

LU I i
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Application Using Excel

Example “ Variance and Standard deviation”
Step 2: Add another column as® X * P" written“ = A2*B2 “ then apply to other rows
=A21C2" then apply o other rows
. Ziv i

cols fdang -

x p x*p x"2*p
0.17 0.16667 0.16667

0.17 033333 0.66667

0.17 0.5 1.5

017 066667 2.66667

017 0.83333 4.16667 Step 5: Subtract to find the varjance
0.17 1 6

| [ 35[ 15.1667]=05-C"7]

TN B L R e
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Application Using Excel

Example “ Variance and Standard deviation”

Step 2: Add another column as® X * P” written “ =A2*B2“ then apply to other rows
- A2:C2. then avply o

i M
= - = Find &
3 Select
St [ Edaing -
A B C D E F G H I =
1 x P x*p x"2*p
2 1 0.17 0.16667 0.16667
3 e 0.17 0.33333 0.66667
4 3 0.17 0.5 15
5 4 0.17 0.66667 2.66667 2
& 5 0.17 0.83333 4.16667
7 6 0.17 1 6
8 3.5 151667 2.91667|=£58"0.5 I
9

10
Step 6: Calculatethe squareroot of the variance

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU
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Application Using Excel

Example “ Variance and Standard deviation”

BEHS &
R INSERT PAGE LAYOUT FORMULAS DATA

-

Cabibei -1t KK o £-ov - B Genenl
e . (B ry- - DA o ® . g s %3 A

Cligboard & Fom 3 Abgrmare 3 [

x*p ®"2*p
0.17 0.16667 0.16667
0.17 0.33333 0.66667
0.17 0.5 15
017 066667 2.66667
0.17 0.83333 4.16667
0.17 1 6

15.1667
.

11
12
13
14

=
-

The standard deviation value

U B RN RV, R S TR
LU I i
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Variance of a Probability Distribution

Five ballsnumbered O, 2, 4, 6 and 8 are placed in abag. After the
balls are mixed, one is selected, its number is noted and then it is
replaced. If this experiment is repeated many times, find the variance
and standard deviation of the numbers on the balls.

#onbal X 0 2 4 6 8 b3
P(X) s s U5 U5 U5 | 1

X X P(X) 0O 25 45 65 85 | 205

X2 x P(X) 0 45 16/5 36/5 64/5|120/5

Hence,
20
p= E [XXP(X)]=?=4

0% = R[X2 x P(X)] — 2 = =2

o =+/02 =8 =2828

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU

—42 =8
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Application Using Excel

Example “ V. e and Standard deviation”

Step 2: Add another column as® X * P” written“ = A2*B2 " then apply to other rows

14 =
‘ shestl | @ T f
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Application Using Excel

Example “ Variance and Standard deviation”

Step 2: Add another column as® X * P” written “ =A2*B2 " then apply to other rows

ffin as* XAZ* P written " =A27C2" the

REVIEW

A B c D E F G H 1 J

L x P x*'p x2p
2 0 020 of 0
3 2 020 0.4} 0.8
4 4 020 0.8| 32
5 6 020 1.2} 7.2
6 8 0.20 16 128
7

8

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU
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Application Using Excel

Example “ V. e and Standard deviat

Step 2: Add another column as“ X * P” written“ = A2*B2“ then apply to other rows
. - *

nas’ XA2* P” written —Agngg,;ﬁthm

T L e e T e

1 x P x*p xh2*

2 0 0.20 0 0

3 2 0.20 0.4 0.8

4 4 0.20 0.8 3.2

5 [ 0.20 1.2 7.2 Step 5: Subtract to find the variance
6 8 0.20 1.6 12.8

7| [ 4] 24]=07-C742]

8

10

Step4: The sum of the multiplications

13
14

Sheetl @ 10 [
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Application Using Excel

Example “ Variance and Standard deviation”

Step 2: Add another column as® X * P” written * = A2*B2" then apply to other rows

A B G D E F G H I J
1 x p x*p "2%p
2 0 0.20 0 0
3 2 0.20 0.4 0.8
4 4 0.20 0.8 3.2 =
5 6 0.20 12 7.2
3 8 0.20 16 12.8
14 4 {=E7*0.
8
9

Step 6: Calculatethe squareroot of thevariance

{1: The sum of the multiplications

12
13
14

Sheetl
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Application Using Excel

Example “ Variance and Standard deviation”

|®E - Booi]
. SERT E LAYOUT MULAS C R W W
| B % e 1 KK B ¥ |Gene
| Pae Bru e & T
i Chob Abgrerest % Siumber
| iz v
A B = D E F G H 1 J
; 1 x 4] x*p ®"2*p
! 2 o 0.20 1] 0
| 3 2 0.20 0.4 0.8
| 4 4 0.20 08 3.2
5 6 0.20 12 7.2
6 8 0.20 1.6 12.8
7 (9 2 0E
8
+
10 Thevariancevalue
11
12
13
14
Sheetl
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Expected Value

0 Expected valueor expectationis used in various types of games of
chance, in insurance, and in other areas, such as decision theory.

o The expected valueof adiscrete random variable of a probability
distribution is the theoretical average of the variable. The formula
is:

EO) == [XxP()]

o The symbol £(X)is used for the expected value.

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU
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Expected Value

One thousand tickets are sold at $1 each for a color television valued
at $350. What is the expected value of the gain if a person purchases
oneticket?

Win Lose
X $349 -$1 >
P(X) 1/1000 999/1000 1
Xx P(X) | 349/1000 -999/1000 | -650/1000

Hence, E(X) = X[X x P(x)] = =% = —0.65

The meaning of thisvalueisthat if a person purchased one ticket each
week over along time, the average loss would be $0.65 per ticket,
since theoretically, on average, that person would win the set once for

each 1000 tickets purchased.
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Application Using Excel

Step 2: Add another column as® X * P” written “ =A2*B2“ then apply to other rows

Sheetl
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Application Using Excel

Example “ Expected Value’
Step 2: Add another column as® X * P” written“ =A2*B2 * then apply to other rows

Bookl - Exced
REVIEW VEW SAFD AHMAD #=

3 F G H I jio
Lojx p LS |
2 349 o0001] 0349 = s
3 -1 0.999 —0.9995 Step 3: Find the sum of the multiplications
4| UM(Ea:c3
5 T SN mumbert: e
6
7
8
9
10
1
12
13
14 s
‘ Sheetl . »
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Application Using Excel

Example “ Expected Value’

BE % - Bookl = Excel > m - O %
HOME INSERT PAGE LAYOUT FORMUILAS DATA REVIEW VEW SAFD AHMAL teessetissslt 4| GHAMDE =/ § ‘{

i x Calibri u - KA - - P (Geners . ’__ W = " - E EY H

P B0 sE s e B @% 0 9 e G gl o St fuik

Opboard = bora 5 Abgrrant 8 Samber 9 Snles o Edaing -

s - x o fr v
A B c D E F G H 1 J-

1 x p x*p

2 349 0.001 0.349

1 oss os

4 .

5  SEEHE

]

7

8

9

10

11

12

13

14 -

' Sheetl il
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The Binomial Distribution
(s ]

o Many types of probability problems have only two possible
outcomes or they can be reduced to two outcomes.

o Examples:
- When acoin is tossed it can land on heads or tails,
- When ababy isborn it is either aboy or girl,
- A multiple-choice question can be classified as correct or incorrect.

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU

The Binomial Experiment

o The binomial experiment is a probability experiment that satisfies
these requirements:

1 Eachtria can have only two possible outcomes; success or
failure.

2. There must be afixed number of trials.
s The outcomes of each trial must be independent of each other.
4. The probability of a success must remain the same for each trial.

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU
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The Binomial Distribution

se2f |
o The outcomes of a binomial experiment and the corresponding
probabilities of these outcomes are called a binomial distribution
which is the probability of exactly x successesin rtrials

P(x) = G xp* xq"™*
where
p the symbol for the numerical probability of success
q the symbol for the numerical probability of failure
ptq=1
n the number of trials
x the number of successes;, x = 0,1,2, ...,n

The Binomial Distribution

Example
A coin istossed 3 times. Find the probability of getting exactly two

heads.
o Thiscan solved using the sample space
HHHHHTHTH,THHHTT,THT,TTH,TTT
There are three ways of getting 2 heads.
So, P(getting 2 heads) = % = 0.375
o Using the binomial distribution as following
- we have fixed number of trials (three), so n=3
- there are two outcomes for each trial, Hor T
- the outcomes are independent of one another
- the probability of success (heads) is 1/2, so p=1/2
here X=2 since we need to find the probability of getting 2 heads.
Thus, P(getting 2 heads) = 3C; X 0.5% x 05372 =2 = 0.375

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU
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Application Using Excel

BE S -

_ MOME  INGIRT  PAGELAYOUT  FORMULAS ~ DATA  REVIEW VW

Y, Dcomecsom |y 7 W T A [Frmkfn i Giowp - % Data Analpsis
of || %% = T E Bl Remove Dupticates. [5 - 4 Ungrowp
Get External Refresh i Soet Filter Textto . MegaStat
Daa: | Ag- " Vo Advanced | copumng ©5 Data Validation. - tital Stﬁp 3
Comnechom. Sor B Fler P Tpgls Lol L3 vt xat;
A . 3 | Megasaat ﬂ o,
A B 1 - Step4
- < I
2 | | Conficience Intervals/Sample Size...
3 Tests
Anslysts of Variance
4 Correlation | Regression
| Time Serbes | G
5 Chi-square | Crosstah
| Honparametsic Tests
6 [ Quality Control Process Charts.
T Fandom Number Generation...
I vuinies
8 Helg | Information
9 : < .
i
ta) =)
11
12
13
14 -
4 | Sheet1 | (5 T Ie] =
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Application Using Excel

Example “Binomial Distribution”

Step 5: Input then value

Bookl '~ Excel r | - 0O x
HOME  INSERT  PAGELAYOUT  FORMER A REVIEW  VEW SAFD) AHMAL tsiessuriases LIV
..-'\. .';-.r.\—...-u-m 8 ':7 T =% Flah Filt } il Group - 1% Diata Analysis
Kool Bttt =
Cemections son s Data Tosks Outes e st -
o - v
A
i |
2
3
4
5
6
7
8
9
10
11
12
13 Step 7: Uncheck display graph
14 -
' Sheetl | . 0
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Application Using Excel

Example “Binomial Distribution”

Bookl - Exced P B - 0O X%
REVIEW  VEW SAFD) AHMATY sessssssssrit aLGHAMD - )
il eg
vanced
e Sort & by Ratrite
A1 S v
A B c D E F G H I I K
2 Binomial distribution
3
4 in
5 05 p
7 cumulative
I X P(X] probability
£l 0012500  0.12500
10 1037500 0.50000 The probability of getting exactly 2 heads
11 2@37500
12 3012500 1.00000
13 1.00000
14
15 1.500 expected value
16 0.750 variance
17 0.866 standard deviation
18
. Qutput | Sheetl
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The Binomial Distribution

A survey found that one out of five Americans says he or she has
visited a doctor in any given month. If 10 people are selected at
random, find the probability that exactly 3 would have visited a doctor
last month.

In this case n=10, X=3, p=1/5. So q=4/5 and

1 3 4 10-3
P(S) = 10C3 X (g) X (g) = 0201
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Application Using Excel
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Application Using Excel

Example “Binomial Distribution”

Step 5: Input then value

Bookl = Excel r W - O x
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Application Using Excel

Example “Binomial Distribution”

N - O x

Bookl's Excel

The probability of getting exactly 3
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The Binomial Distribution

A survey from Teenage Research Unlimited found that 30% of
teenage consumers receive their spending money from part-time jobs.
If 7 teenagers are selected at random, find

the probability that exactly 3 of them will have part-time jobs.

the probability that less than 3 of them will have part-time jobs.
the probability that at most 3 of them will have part-time jobs.

the probability that 5 or 6 of them will have part-time jobs.

the probability that greater than 3 of them will have part-time jobs.
the probability that at least 3 of them will have part-time jobs.
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Application Using Excel

Example “Binomial Distribution”
Step 1: Select “ DATA” tab or " ADD-INS’ tab in older versions

BE S -
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Application Using Excel

Example “Binomial Distribution”

Step 5: Input the n value

WMHS BookL < Excel
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13 Step 7: Uncheck display graph
14
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Application Using Excel

Example “Binomial Distribution”

S . Bookl+ Excel

HOME INSERT  PAGE £ LAYOUT FORMULAS Data REVIEW ViIEw
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Output | Sheetl o)
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The Binomial Distribution
sss § |

o The mean, variance, and standard deviation of avariable that has
the binomial distribution can be found by using the following

formulas.
mean U=nXDp
variance 62=nXpXgq
standard deviation o =o?
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The Binomial Distribution

A survey from Teenage Research Unlimited found that 30% of
teenage consumers receive their spending money from part-time jobs.
If 7 teenagers are selected at random, find the mean , variance and
standard deviation of the number of teenagers who will have part time
jobs.

mean u=nxp=7x03=21
variance o?=nxpxq=7x%x03x0.7=147

standard deviation o = Vo2 =+v1.47 = 1.212
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Application Using Excel

Example “Binomial Distribution”
Step 1: Select “* DATA” tab or * ADD-INS’ tab in older versions
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Application Using Excel

Example “Binomial Distribution”

Step 5: Input the n value

Book - Eacel

[N
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el ==
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Step 7: Uncheck display graph
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» Sheetl " 0l 3
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Application Using Excel

Example “ The mean , variance and standard deviation of the Binomial Distribution”

X P{X) probability
0 008235  0.08235
1024706 032042
2 031765 084707
. 0.67396
4000724 097120
5002500  0.99621
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Summary

|
o A discrete probability distribution can be graphed using bar chart.

o The mean, variance, and standard deviation can be found for a
probability distribution.

o The mathematical expectation can also be calculated for a
probability distribution.

o The binomial distribution is used when there are only two outcomes
for an experiment, a fixed number of trials, the probability is the
same for each trial, and the outcomes are independent of each other.
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Chapter 6

The Normal Distribution

Objectives

0 Identifying the properties of the normal distribution.

0 Finding the area under the standard normal distribution, given

various z values.

0 Finding the probability of a normally distributed variable by

transforming it into a standard normal variable.

o Using the central limit theorem to solve problems involving sample

means for large samples.
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Introduction
I

o Many continuous variables have distributions that are bell-shaped and
are called approximately normally distributed variables, such as the
heights, cholesterol level, etc...

0 A normal distribution is a continuous, symmetric, bell-shaped
distribution of a variable, which is also known as the be// curve or the
Gaussian distribution.

St

X
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Normal Distribution Properties
=

o The normal distribution curve depends on two parameters, the mean
(the position parameter) and the standard deviation (the shape
parameter).

0.9 —— o=05
—— g=07%

o o

o=15
——o=1%

EEEEEE
= e
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Normal Distribution Properties
(o4 |

o The mean, median, and mode of the normal distribution are equal
and located at the center of the distribution.

o The normal distribution curve is unimodal (i.e., it has only one
mode).

o The curve of the normal distribution is continuous, i.e., there are no
gaps. Thus, for each value of X] there is a corresponding value of Y.

o The total area under a normal distribution is equal to 1 or 100%.
This fact may seem unusual, since the curve never touches the x-
axis, but one can prove it mathematically by using calculus.
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Normal Distribution Properties
(os y |

o The area under the part of the normal curve that lies within 1
standard deviation of the mean is approximately 0.68 or 68%, within
2 standard deviations, about 0.95 or 95%, and within 3 standard
deviations, about 0.997 or 99.7%.

Copyright © The McGraw-Hill Comp: . Inc. Permission required for or display.

I I
— 3o w— 20 w— 1o
| |
“—— About 68% —

N~ About95% —— — —~

~ About 99.7% -
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Standard Normal Distribution

o Because the total area under the normal distribution is 1, there is a
correspondence between area and probability

o Since each normal distribution is determined by its own mean and
standard deviation, we would have to have a table of areas for each
possibility !!!

o To simplify this situation, we use a common standard that requires
only one table.

o The standard normal distribution is a normal distribution with a
mean of 0 and a standard deviation of 1.
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Standard Normal Distribution

o All normally distributed variables can be transformed into the
standard normally distributed variable by using the zvalue which is
the number of standard deviations that a particular x value is away
from the mean

Value — Mean xX—U

zZ = =
Standard deviation o

pox 0 =z
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Area Under the Standard Normal
distribution Curve

o The table of the standard normal distribution gives the probability to
the left of the values, thus P(z < a).

o Note the following:
oP(z<a)=P(z<a)
oPa<z<b)=P(a<z<b)=P(z<b)—P(z<a)
oP(z>a)=P(z=a)=1—-P(z<a)
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Area Under the Standard Normal
distribution Curve

[ ¢ | Example

P(z < 2.32) = 0.9898
P(z>232)=1-P(z<232)=1-0.9898 = 0.0102

zloo o0 @G 03 ... .09
2.0

2.1
€&  098%

24
2.5
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Application Using Excel

Example “Probability under the standard normal distribution curve”

Step 1: Select “DATA” tab or “ADD-INS” tab in older versions
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Application Using Excel
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Application Using Excel

Example “Probability under the standard normal distribution curve”
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Area Under the Normal distribution

Curve

If the income of 10000 family follows a normal distribution with mean
1800 SAR and standard deviation 300 SAR, find

o The probability of a family income is less than 2550.
P(x < 2550) = 0.9938

o The probability of a family income is greater than 1500.
P(x > 1500) = 0.8413

o The probability of a family income is between 1650 and 2100,
P(1650 < x < 2100) = P(x < 2100) — P(x < 1650) = 0.5328

o The number of families that have income greater than 1500,
P(x > 1500) » 10000 = 0.8413 * 10000 = 8413
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Application Using Excel

J‘ Step 2 I
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Application Using Excel
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Application Using Excel

Example “Probability under the normal distribution curve”

BHS o - Book! - Bxcel 7T ®m - 3 X
1OME INSERT PAGE LAYOUT FOREMULAS DATA REVIEW VIEN ACD-INS ACROBAT POWERPIVOT 5

[ My B, TR T S ~ Flask Fill = T SOVRS
N 2+ |A\Z
_ o L 4 nr

L S B-Dmemave pupticaes 3~
ot vtemal Refresh 3] St Fiter Testto B tnrire Megastat
was | oAl o W Aaieed  Cojumng 56 Dala Validalion. = ° -

Cormections Sort & Filter Data Toek Anelysia | Staistics -~

[ - Je | ooo3ren3zaereIa -

Plupper) z H mean  sd dev
250 2550 1800 300

[

66

&7 -
Sheetl (O] [ b

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU

Application Using Excel

:! Step 2 i
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Application Using Excel

Example “Probability under the normal distribution curve”

Step 6: Input the value of x
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Application Using Excel

| 6-19 | Example “Probability under the normal distribution curve”
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Application Using Excel

m Example “Probability under the normal distribution curve”
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Application Using Excel
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Application Using Excel

Example “Probability under the normal distribution curve”
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Application Using Excel

Example “Probability under the normal distribution curve”
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Application Using Excel

Example “Probability under the normal distribution curve”
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Example “Probability under the normal distribution curve”
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Area Under the Normal distribution

Curve

[ 626 | Example

The lifetime of a type of microwaves follows a normal
distribution with mean 3 years and standard deviation 1 year. If
one microwave was chosen randomly,

What is the probability that its lifetime will be greater than 2

years?

P(x >2) =0.8413

If the microwaves have warranty for one year, what is the
percentage of microwaves that the factory has to exchange

Example

with new ones.

P(x < 1) %100 = 0.0228 * 100 = 2.28%
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Step 1: Select “DATA” tab or “ADD-INS” tab in older versions
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Application Using Excel

m Example “Probability under the normal distribution curve”
Step 6: Input the value of x
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Application Using Excel

Example “Probability under the normal distribution curve”
Step 1: Select “DATA” tab or “ADD-INS” tab in older versions
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Application Using Excel

Example “Probability under the normal distribution curve”
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Distribution of Sample Means
I

o A sampling distribution of sample means is a distribution obtained
by using the means computed from random samples of a specific
size taken from a population.

0 Sampling error is the difference between the sample measure and
the corresponding population measure due to the fact that the
sample is not a perfect representation of the population.
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The Central Limit Theorem

64y |
o As the sample size 7 increases, the shape of the distribution of the
sample means taken with replacement from a population with mean
1 and standard deviation o will approach a normal distribution.

o Thus, the mean of the sample means equals the population mean,
Uz = K, and the standard deviation of the sample means which is

called the standard error of the mean is oz = \% .

o The central limit theorem can be used to answer questions about
sample means in the same manner that the normal distribution can
be used to answer questions about individual values.

o A new formula must be used for the zvalues:
y=2l
~a/\n
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Standard Error of The Mean

Find the standard error of the mean for a sample of 49 that has

been drawn from a population with standard deviation equals to
14.

o 14 )
O = —= — =
T Un a9
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The Central Limit Theorem

A.C. Neilsen reported that children between the ages of 2 and 5
watch an average of 25 hours of TV per week. Assume the
variable is normally distributed and the standard deviation is 3
hours. If 32 children between the ages of 2 and 5 are randomly
selected, find the probability that the mean of the number of
hours they watch TV is greater than 26.3 hours.

P(

X >26.3) =0.0071
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Application Using Excel

Example “Central limit theorem”

Step 1: Select “DATA” tab or “ADD-INS” tab in older versions
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Application Using Excel

Example “Central limit theorem”
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Application Using Excel

Example “Central limit theorem”
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The Central Limit Theorem

The average age of a vehicle registered in the United States is
8 years. Assume the standard deviation is 16 months. If a
random sample of 36 cars is selected, find the probability that
the mean of their age is between 90 and 100 months.

P(90 < ¥ <100) = P(x < 100) — P(x <90) = 0.921
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Application Using Excel

Example “Central limit theorem”
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Application Using Excel

Example “Central limit theorem”
Step 7: Input the value of x
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Example “Central limit theorem”
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Application Using Excel

Example “Central limit theorem”
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Summary

T

o The normal distribution can be used to describe a variety of
variables, such as heights, weights, and temperatures.

o The normal distribution is bell-shaped, unimodal, symmetric, and
continuous; its mean, median, and mode are equal.

o The normal distribution can be used to approximate other
distributions.

o Mathematicians use the standard normal distribution which has a
mean of 0 and a standard deviation of 1.

o The normal distribution can be used to describe a sampling
distribution of sample means. These samples must be of the same
size and randomly selected with replacement from the population.
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Summary
sy |

o The central limit theorem states that as the size of the samples
increases, the distribution of sample means will be approximately
normal.

o The distribution of sample means is much less variable than the
distribution of individual data value.
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Parts of Chapter 10 and 13

. Correlation and

Regres sion

Objectives

T

o Draw a scatter plot for a set of ordered pairs.
o Compute the correlation coefficient.

o Compute the equation of the regression line.

© All rights are preserved for Dr. Saeed A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU



Introduction

w2) |
o Inferential statistics involves determining whether a relationship
between two or more numerical variables exists.

o Correlation is a statistical method used to determine whether a
relationship between variables exists.

0 Regression is a statistical method used to describe the nature of
the relationship between variables.

o When you have two or more variables in your data, you may need
to know
1. Are two or more variables related?
2. Ifso, what is the strength of the relationship?
3. What type or relationship exists?

4. What kind of predictions can be made from the relationship?

© All rights are preserved for Dr. Saced A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU

Introduction
os |

o In a simple relationship, there are only two types of variables under
study;

1. An independent variable (explanatory variable or predictor
variable) is the variable that is being manipulated by the researcher
and used to predict the dependent variable.

2. A dependent variable (outcome variable or response variable) is the
resultant variable.

o EXAMPLE
A manager may wish to see whether the number of years the

salespeople have been working for the company has anything to do
with the amount of sales they make.

© All rights are preserved for Dr. Saced A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU



Scatter Plots
wal |
o The simple relationship can be positive or negative:

- A positive relationship exists when both variables increase or
decrease at the same time.

- A negative relationship exists when one variable increases and the
other variable decreases.

0 A scatter plotis a visual way to describe the nature of the relationship
between the independent and dependent variables.

(£ e -
;GO g Aipe
‘:‘r"“ TR .
. Positive Linear Relationship Negative Linear Relationship No Linear Relationship
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Correlation Coefficient

ps [

o The correlation coefficientis a measure of how variables are related,

it measures the strength and direction of a linear relationship between

two variables.
o The symbol for the population correlation coefficient is o (rho).
o The symbol for the sample correlation coefficient is 7.

o The range of the correlation coefficient is from —1 to +1.
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Correlation Coefficient

10-6

o If there is a strong positive linear relationship between the variables,
the value of r will be close to +1.

o If there is a strong negative linear relationship between the variables,
the value of r will be close to —1.

o When there is no linear relationship between the variables or only a
weak relationship, the value of 7 will be close to 0.

-1 0 +1
— E—
Strong negative No linear Strong positive
linear relationship relationship linear relationship
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Correlation Coefficient
Co7 |

+1 Complete Positive Linear Relationship
0.70 — 0.99 Strong Positive Linear Relationship
0.50 — 0.69 Moderate Positive Linear Relationship
0.01 — 0.49 Weak Positive Linear Relationship
0 No Linear Relationship
-0.01 —-0.49 Weak Negative Linear Relationship
-0.50 — -0.69 Moderate Negative Linear Relationship
-0.70 — -0.99 Strong Negative Linear Relationship
-1 Complete Negative Linear Relationship
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Correlation Coefficient
Cos |

o Pearson linear correlation coefficient

QN2 ]
(X6 (Zx) 1 ()T

o where 7 1s the number of data pairs(sample size).

r
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Application Using Excel

The following data are the number of absences and the final grades
of seven randomly selected students from a statistics class.

» Draw the scatter plot for the variables.

» Compute the value of the Pearson correlation coefficient.

Number of
absences X 6 2 15 9 12 5 8

Final grades y | 82 86 43 74 58 90 78
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Application Using Excel

Example “ Scatter Plot”

Step 2. Select “ DATA” tab or “ADD-INS’ tab in older versions

DEERT  PAGELMOUT  FORMLEAS | DATA

IS 28]

1 x ¥ [ =

2 6 a2 MegasStat

7 3 p D i

Srobabsiey
A 15 43 Confidence IntervabySamile Sre
5 5 74 Hypothents Tests
| of artane

6 12 58 % = |
7l s s |

8 8 7 |

9

10 Help | Information
| n
{1 o O &
13

14

15

16

17

18

sheeti | @) . v
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Application Using Excel

Example “ Scatter Plot”

Step 6. Select column that containsthe data for X variable

WO BOOT  MMGELAYOUT
Step 9
1 x ¥
2 6 8
3 2 86
4 15 43
s 9 T4
6 12 58
7 5 50
8 -3 78
9| =]
10
11
12
3
pLd
b2 7. Select column that containsthe data for Y
17
18 Step 8. Uncheck if you don't want the fitted regression line
Shewtl ® (A
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Application Using Excel

Example “ Scatter Plot”

I

The plot indicates that there is a negative linear relationship. Thus, as
the absences increased the final grades decreased on average.
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Application Using Excel

Example “Pearson Linear Correlation Coefficient”

Step 2. Select “ DATA” tab or “ADD-INS’ tab in older versions

HOME  NSERT  PAGELSYOUT  F

Step 1. Input datain columns

" - Y
A B

1x ¥

2 6 82

3 2 86

4 15 43

5 74
' e 12 58
{JE-S 5 a0 |

2 8__‘78. Quality Control Process. Chasts
! 9 ! 1 . Random Humiss Ceneration

10 Utikties.

tielp | bnformation

1n

12 s | o O =

13 i

14

15

16

17

18

! , Culput | Sheetd % B0 T =
Joste BN E -+ |
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Application Using Excel

Example “Pearson Linear Correlation Coefficient”

Step 6. Select the data in the two columnstogether

T\ US| B TR |

D

Outpit | Shestl S * . 7
gy —____________+§smsg ———_ |
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Application Using Excel

Example “Pearson Linear Correlation Coefficient”

| @ = ookt + tarat > m - A

g of r .05 (two-tai)

Dutput | Sheetl - |

The value indicates that there is a strong negative linear relationship.
Thus, the more absence a student has the lower is his final grade on

average.
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Correlation Coefficient

o Spearman rank correlation coefficient.

. 6> d’
* nn®-1)

where d= difference in the ranks and

n=number of data pairs
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Application Using Excel

Example

The table shows the total mlmber State] Tornadoes|Record High Temp
of tornadoes that occurred in states
AL 668 112
from 1962 to 1991 and the record 0 -8l 18
high temperatures for the same RIS T
states. IL 798 117
Use the Spearman rank correlation
. . KS | 1198 121
coefficient to determine the v 160 103
relationship between the number v T ™
of tornadoes and the record high
temperatures. 1N 360 113
VT 21 105
Wi 625 114

© All rights are preserved for Dr. Saced A. Dobbah Alghamdi, Department of Statistics, Faculty of Sciences, KAU

10



Application Using Excel

Example “ Spearman rank Correlation Coefficient”

Step 2. Select “ DATA” tab or “ADD-INS’ tab in older versions
— . _—

Step 1. Input datain columns

| | state
. AL
,|_CO
+| _FL 1590
s| L 798
«|_KS 1198
1| NY 169
s PA 310
< TN 360
10 VT 21
u W 625 114
12
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Application Using Excel

Example “ Spearman rank Correlation Coefficient”

AED AN sesseth e =

Record

: State | Tornadoes High Temp e
;| AL 668 12 || Feama
.| CO 781 118 -
«| FL 1580 109 ™ cxrput ket
s L 798 17
| KS 1198 121
7| NY 169 108
« PA 310 11
.| TN 360 13
w| VT 21 105

wi 625 114
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Application Using Excel

Example “ Spearman rank Correlation Coefficient”

L Poa - G

|2
2 Spearman Coefficient of Rank Correlation
3

4 Tomadoes Record MHigh Tamp
5 Tarnadioes | 1.000 | ]
| ® Focord High Temp |_ 812 | 1.000
’
L] 0 dqmple size

9
10

"

entiMyakie of 1 .05 (two-tad)
11 + 788 critical Daue of r 01 (two-tail)
12
BE:
|14
16
|17
|18
19
| 20
|
|22

The value of the Spear man rank correlation coefficient

Sheatl | Owiput | Shest 3 i .

The value indicates that there is a moderate positive linear relationship
between the number of tornados and the record high temperatures.
Thus, high temperatures means more tornados on average.
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Regression Line

I

o If the value of the correlation coefficient is significant (will not be
discussed here), the next step is to determine the equation of the
regression /ine which is the data’s line of best fit.

0 Best fit means that the sum of the squares of the vertical distance
from each point to the line is at a minimum.

For more information see pages 551-552 of Bluman's Book
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Equation of the Regression Line

pe]

o The equation of the regression line is writtenas y' = a + bx
where b is the slope of the line and ais the y intercept.

o The regression line can be used to predict a value for the dependent
variable () for a given value of the independent variable (x).

o Caution: Use x values within the experimental region when
predicting y values.
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Equation of the Regression Line
oy

o Formulas for the regression line y' = a + bx

(Zy)(Zx?)-(Zx)(Zxy)
a=
n(2x*)-(2x)*

b NEXy) = (Xx)(Zy)
n(sz)—(Zx)2

where ais the ) intercept and b4 is the slope of the line.
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Application Using Excel

The following data are the number of absences and the final grades

of seven randomly selected students from a statistics class.
» Determine the equation of the regression line. Remember that no
regression should be done when ris not significant.

» Find the expected grade for a student who has been absent
for 10 lectures.

Number of
absences x 6 2 15 9 12 5 8

Final grades y | 82 86 43 74 58 90 78
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Application Using Excel

Example “ Scatter Plot”
Step 2. Select “ DATA” tab or * ADD-INS' tab in older versions

3
4 a3
5 9 74 o
& 58 || M
7 5 0] || | covaney o el k'
8 8 78 || | o e chars
9
7 F:I-\I.I:-\ Nusmber Gened stion
| 1 Help | Information
I 12 5 O &
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Application Using Excel

Step 6. Select column that containsthe data for X variable

Step 7. Select column that containsthe data for Y variable
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Application Using Excel

Example “ Scatter Plot”

[ma : -

¥ =-3622 x + 102.483
R = 0.892

% Theregressionlineor thelineof best fit

The plot indicates that there is a negative linear relationship. Thus, as
the absences increased the final grades decreased on average.
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Application Using Excel

e N

Step 1. Input datain colum

"
1= Y
2 82
= e
4 15 43 P
5 o 74 Contidence IS Sire.

pothests Tesss
[} 12 ] 1
7 5 S0 bivoBiin Cormeiation utrix
3 & L mmcw;x s
! | v
g
10 : | | Random Mumber Geseration_

| | umine

1 Help | nlormation

Repest Lt Cpoon | = | &
13 e
14
15
16
17
18
19 -
(D Sheetl [ Cutpat | Sweld | )
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Application Using Excel

Example “ Equation of the Regression Line”
Step 6. Select column that containsthe data for X variable

|| [emmrsiam ¥

|| o=
|

=

T Pt Ry Pttt ¥ st X

| I Strpe Seecen j T et ottty ot of Besihast
17 |
18

Sheetl | DuApul | Sheetd &
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Step 10
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Application Using Excel

Example “ Equation of the Regression Ling”

3 k1
17 Sid Error 6,055 Dep. Var. y

1
19 ANGVA table | Thevalueof theregression intercept “ a” l
20 Source 55 o M3 F p-vaive
1 Regression  1.506 7065 1 1.506. 7065 41.10 0014
Residual 183 2935 5 36 6587
Total _1,660.0000 (]

The valueof theregression slope“b”

26 Regression output 5
27 vanadles  coofficents  sid 25% upper

i Intercept 102 4925

36218 -5.0741 -2.1696 =
The predicated value whqn x=10
1 Predicted values for: y
% Comfete

1 Fredicied Tawer upper  Leverage

4 10 66.274 72745 4418 83.129 0.173

The equation of the fitted regression line is y' =102.493 — 3.622 x
Hence, a student who has been absent for 10 lectures, we expect his
final grade to be 66 on average in his statistics class.
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Summary

I

o One way to determine whether a relationship between
variables exists is to use the statistical techniques known
as correlation and regression.

o The strength and direction of the relationship are
measured by the value of the correlation coefficient that
assumes values between and including —1 and +1 .

o1 The closer the value of the correlation coefficient is to

—1 or +1, the stronger the linear relationship is between
the variables.

o A value of —1 or +1 indicates a perfect linear relationship.
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Summary

jo2y |
o To determine the shape of a relationship, one draws a
scatter plot of the variables. If the relationship is linear,
the data can be approximated by a straight line, called the
regression line, or the /ine of best fit.

o1 The closer the value of the correlation coefficient is to
—1 or +1, the closer the points will fit the line.

o The sign of the slope of the regression line indicates the
direction of the relationship. Positive slope value means
positive relationship and negative slope value means
negative relationship.
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