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Chapter One 



Statistics 
• Introduction:

The word "statistics" derived of the Latin word "status" or 

the Italian word "statista" or the German word "statistik" each 

of which means a "political state"

الايطاليةالكلمةمنأو“Status”اللاتينيةالكلمةمنمشتقة(Statistics)الاحصاءكلمةان

”statista“الالمانيةالكلمةأو”statistik“الدولةعنومعلوماتحقائقتعنيهفيماتعنيوجميعها

Political State



• Definitions:

Statistics: is concerned with scientific methods for collecting,

organizing, summarizing, presenting, and analyzing data for

specified phenomenon. As well as summarizing and interpreting

the results and making reasonable decisions.

يةفرضاوظاهرةعنوالحقائقالبياناتبجمعتختصالتيالعلميةالطريقةهو-:الاحصاءعلم

يسهلالذيبالشكلوالحقائقالبياناتهذهوتبويبوتنظيممعينة(فرضياتأوظواهر)

.ذلكضوءعلىالقرارواتخاذالنتائجاستخلاصثمومنوتفسريهاتحليلهاعملية

دةربارةىيةكانورِاستىداتاكؤكردنةوةىبةمةندةتايبةتكةيةزانستىرِيَطةئةو-:ئامارزانستى
خستنوةرِيَككراوديارىى(طريمانيَكضةندياندياردةيةكضةند)طريمانيَكياندياردةيةك

بكاتةوةشىكردارةكةئاسانىبةبتوانريَتكةشيَوةيةكبةزانياريانةئةوكردنىوثؤليَن
.بدريَتسةرلةبرِيارىئةنجامةكانرِؤشنايىذيَرلةوةبكاتوتةفسيرى



Statistical method in scientific research:

1. Determine the problem.

2. Collecting the information and data for problem.

3. Organizing and presenting data in graphics and tabulations form.

4. Analysis of data.

5. Summarizing and interpreting the results.

6. Making decisions. 

:العلميالبحثفيالاحصائيةللطريقةالرئيسيةالمراحليليفيما

.الدراسةأوالبحثفرضيةأومشكلةتحديد1.

.الدراسةأوبالبحثالعلاقةذاتالظواهرأوظاهرةعنوالمعلوماتالبياناتجمع2.

.وعرضهاوتبويبهاالبياناتتصنيف3.

.الدراسةأوالبحثمجتمعلمعالمكتقديراتالاحصائيةالمؤشراتحساب4.

.الدراسةأوالبحثفرضياتأوفرضيةضوءعلىللنتائجوالتوصلالدراسةمعطياتتحليل5.

.البحثفرضياتبشأنالقراراتخاذوعمليةالنتائجتفسير6.



Types of statistics:

1. Descriptive statistics: consists collecting, organizing, 

summarizing and presenting data.

2. Inferential statistics: consists generalizing from samples to 

populations. Consisting hypothesis testing, determining 

relationships among variables, and estimations.

:وبشكل عام تنقسم الاحصاء الى فرعين رئيسيين هما

 Descriptive statisticsالاحصاء الوصفي -1

Inferential statisticsالاحصاء الاستدلالي -2



:Research Design Methodأسلوب تصميم البحوث

تحديد الغرض من البحث 

Determine the purpose of the research.

تحديد امكانية التنفيذ الفعلي للبحث

Determine the possibility of actual implementation of the research.

تحديد اطار البحث

Select the research frame

تحديد أسلوب جمع البيانات والمعلومات 

Identify the method of data collection and information.



• Data: are a set of numbers. Those values represent by the 

thing called a variable, because the values vary from element 

to another. If the values are the same, the thing is called a 

constant.

• Variable: A Characteristic that varies from one element to 

another.

• Random Variable: A variable whose values are selected by 

chance. 



Types of 
Variable

Qualitaticve 
Variable

Quantitative 
Variable

Nominal 
Variable

Ordinal 
Variable

Discrete 
Variable

Continuous 
Variable



Qualitative Variables: Variables which assume non-numerical 
values. 

Example: gender (male or female).

Example: Course grades A, B, C, or D

Nominal Variable: There is no order or rank among 
characteristics (observations) of variable. 

For example: gender (male or female).

Ordinal Variable: There is order or rank among characteristics of 
variable. 

Example: Course grades A, B, C, or D

Example: Economic state (v. good, good, bad)



Quantitative Variables: Variables which assume numerical values.

For example: number of students 

For example: age (54 , 65.6 , 43 ,…).

Discrete Variables: Variables which assume a finite or countable 

number of possible values. Usually obtained by counting.

For example: number of students



Continuous Variables: Variables which assume an infinite number of 

possible values. Usually obtained by measurement. 

For example: age (54 , 65.6 , 43 , …).

For example: height (154 , 165.6 , 143 , …).

Or Variables which take real numbers.

− X



Sources of data:

1. Historical sources.

2. Field sources.

• Methods of Collection the data:

1.Census method: the collection of data from every elements in a 

population

2.Samples method: the collection of data from a set of elements in 

a population 



• A population (Statistical population): is all the elements or 

values under a statistical study.

• Sample: is a part from the population.

Sample
Population

X

3.6

2.4
2.7

2.9

1.2

3.4

4.0

2.8

3.2
3.9

2.9

3.6

2.83.4

Take Sample



Inference



• Homogenous population any population which every element 

has joint specified characteristics 

• Non-homogenous population any population which every 

element hasn't joint specified characteristic 



• Types of Samples:

1. Random Samples: A sample collected in such a way that every 

element in the population has the same chance of selection.

2. Non random Samples: A sample collected in such a way that 

every element in the population hasn't the same chance of 

selection.



• Types of Random Samples:

1. Simple random sampling: is the simplest method of sampling. 

Uses these method when the population is homogenous. Every 

element in the population has an equal chance of selection. 

Some procedures uses for selecting a simple random sample:

a. Lottery method.

b. Random number table.



2. Stratified random sampling: Uses these method when the 

population is non-homogenous. The sample select by 

dividing the population into groups (strata) according to 

some characteristic and then taking samples from each group 

by using simple random sampling.

3. Systematic random sampling: are obtained by numbering 

each value in the population. Choose the first element 

randomly, then every kth observation. 

4. Multistage random sampling:
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• Types of Non-Random Samples:

1. quota sample 

2. Purposive sample



Chapter Two 

Data 
Presentation



• Introduction:

After collecting data, the next step should be express it in 

some form such as:

1- Frequency distribution (Tabular  presentation)

2- Graphical presentation

• Ungrouped data: is the raw data which is collect and not 

grouped, such as: 20, 23, 21, 43, 32, 26.

• Grouped data: is the raw data which is collect and organizing 

in frequency table.



• Frequency distribution:

• Frequency Table: is a simple table has two columns, first column 

called classes and the second column called frequency.  

Example (1)                    Example (2)

frequency
Classes 

(gender)

20male

30female

frequencyClasses (age)

510 –

820 –

1030 –

1240 – 50



Frequency distribution for qualitative data :  

Example: The following data represent eye's color for 10 students: 

Blue , Brown , Black , Brown , Black , Brown , Black , Blue , 

Black , Black

Construct the frequency table.

frequencyMark frequencyClasses (eyes color )

211Blue

3111Brown

51111Black

10Total



Relative frequency distribution:  

Relative frequency: The ratio of frequency of class to the total of 

frequencies.

Example: Find relative frequency for this table

Relative frequency (f*)Frequency (fi)(eyes color )

2/10=0.22Blue

3/10=0.33Brown

5/10=0.55Black

110Total


=

=
m

i

i

i

f

f
f

1

*



➢ Graphical presentation for qualitative data:

Graphical presentation: It is another method for presenting 
and summarizing grouped data

1- Bar chart: A graph that display the characteristics of 
variable on the horizontal axis and the frequency on the 
vertical axis.

Example (1):Present this data graphically (Bar chart ):



frequencyClasses (eyes color )

2Blue

3Brown

5Black

10Total

2

3

5

0

1

2

3

4

5

6

Blue Brown Black

F
re

q
u

en
cy

eyes color



2- Pie chart: is a circle divided to number of sectors 
which are representing characteristics of variable.

The angle of each sector 

360*

1


=

=
m

i

i

i

f

f



Example (1): Present this data in Pie chart:

frequencyClasses (eyes color )

2Blue

3Brown

5Black

10Total

The angle of each sector 

The angle of Blue = 2/10*360 = 72

The angle of Brown = 3/10*360 = 108

The angle of Black = 5/10*360 = 180

360*

1


=

=
m

i

i

i

f

f



Blue

20%

Brown

30%

Black

50%

Eyes Color 



3- Line Chart:  is a plot of the variable over time. It is using 
often for time series data. It is created by plotting the value of 
the variable on the vertical axis and the time periods on the 
horizontal axis. 

Example: The following data represent number of students in 
Administration college

Present these data by line chart

1996199519941993199219911990Year

1500170016501500130013501200
No. of 

student





Frequency distribution for quantitative data :  

General rules for constructing frequency table

1- Find the Total Range

2- Find the number of classes 

3- find the length of classes

1. +−= SL XXRT

4*5.2 nm =

m

RT
L

.
=



4- Writing class limits

a- For continuous variable

Upper Limit less thanLower Limit

XS + LXS

XS + 2LXS + L

XS + 3LXS + 2L

.

.

.

.

.

.

XS + mLXS + (m-1)L



b- For discrete variable

Upper LimitLower Limit

XS + L - 1XS

XS + 2L - 1XS + L

XS + 3L - 1XS + 2L

.

.

.

.

.

.

XS + mL- 1 XS + (m-1)L

5- Find frequencies of any classes 



Example: The following data represent weights (30) children from 

a small town

20  , 10  ,  8.6  , 7  ,  5.9   ,  6 ,  12 ,  8 , 14  , 5

9  , 16.5  , 25  , 16 , 19 , 20.9 , 7.8  , 15  , 18  , 24

9  ,  7  , 15  , 16.9  ,  11  ,  8 ,  26 , 17.6  ,  21 ,10

Construct the frequency table

1- Find the range

2- Find the number of classes 

2215261 =+−=+−= SL XXR

685.530*5.2

*5.2

4

4

==

=

m

nm
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3- find the length of classes

4- Writing class limits

5- Find frequencies of any classes        

frequencyMark frequencyClasses

91111    11115 –

61111 19 –

61111 113 –

5111117 –

21121 –

21125 – 29 

466.3
6

22..
===

m

RT
L



Example (2): The following data represent persons 

number of family in a small town

3  ,  5  ,  8  , 10  ,  12   ,  2 ,  7 ,  5 ,  11  , 9   

5  ,  6  , 13  ,  15 , 12  ,  4  ,  5  ,  4  ,  3  , 5

Construct the frequency table

1- Find the range

2- Find the number of classes 

1412151. =+−=+−= SL XXRT

52.520*5.2

*5.2

4

4

==

=

m

nm



3- find the length of classes

4- Writing class limits

5- Find frequencies of any classes        

frequencyMark frequencyClasses

511112 – 4 

71111 115 – 7 

31118 – 10 

41111 11 – 13 

1114 – 16 

20Total

38.2
5

14.
===

m

RT
L



Center of class (Mid point): is the arithmetic mean for 

lower limit (L.L.) and upper limit (U.L.) of each class

Example: From the following frequency table: Find:

1- Relative frequency (f*)

2- Percentage Relative frequency (f*%)

3- Mid points of the classes (Xi)

2

.... LULL
X i

+
=



Xif*%f*fiClasses

(5+9)/2=70.3*100=300.395 –

(9+13)/2=110.2*100=200.269 –

1516.6660.167513 –

19200.2617 –

236.6660.067221 –

276.6660.067225 – 29 

100130Total



• Cumulative frequency distribution :

1- Rising cumulative frequency distribution: is the distribution 

which displays frequencies cumulative which are 

computing it based on upper limits of classes.

Example: From the following frequency table: Find rising 

cumulative frequency distribution (Fi)



FiUpper limitsfiClasses

753746  –

22601553  –

49672760 –

70742167 –

84811474 –

9288881 –

9795588 –

100102395 – 102

100Total

For continuous variable
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Example: From the following frequency table: Find rising 
cumulative frequency distribution (Fi)

For discrete variable

FiUpper limitsfiClasses

474460 – 74

989575 – 89

191041090 – 104

3111912105 – 119

4713416120 – 134

541497135 – 149

601676150 – 167

60Total
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Upper limits

Fi



2- Descending cumulative frequency distribution: is the 

distribution which displays frequencies decrement which are 

computing it based on lower limits of classes.

Example: From the following frequency table: Find Descending 

cumulative frequency distribution (Fi
/)



Fi
/Lower limitsfiClasses

10046746  –

93531553  –

78602760 –

51672167 –

30741474 –

1681881 –

888588 –

395395 – 102

100Total

For continuous variable
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Lower limits



Example: From the following frequency table: Find 
Descending cumulative frequency distribution (Fi)

For discrete variable

Fi
/Lower limitsfiClasses

6060460 – 74

5675575 – 89

51901090 – 104

4110512105 – 119

2912016120 – 134

131357135 – 149

61506150 – 164

60Total
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Lower limits

F/
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➢ Graphical presentation for Quantitative data:

1- Histogram 

Example (1):Present this data graphically (Histogram):

Classes fi

2 – 4 5

5 – 7 7

8 – 10 3

11 – 13 4

14 – 16 1

Total 20
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1- Histogram 

Example (2):Present this data graphically (Histogram):

fiClasses

95 –

69 –

513 –

617 –

221 –

225 – 29 

30Total
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➢ Graphical presentation for Quantitative data:

2- Polygon  

Example (1):Present this data graphically (Polygon):

Classes fi

2 – 4 2

5 – 7 5

8 – 10 8

11 – 13 4

14 – 16 1

Total 20
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2- Polygon  

Example (2):Present this data graphically (Polygon):

fiClasses

95 –

69 –

513 –

617 –

221 –

225 – 29 

30Total
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➢ Graphical presentation for Quantitative data:

3- Curve

Example (1):Present this data graphically (Curve):

Classes fi

2 – 4 5

5 – 7 7

8 – 10 3

11 – 13 4

14 – 16 1

Total 20
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3- Curve

Example (2):Present this data graphically (Curve):

fiClasses

95 –

69 –

513 –

617 –

221 –

225 – 29 

30Total
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Sigma Notation 

(Summation Notation) 

and 

Pi Notation





Chapter Three  
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1) Sigma Notation (Summation Notation) 
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Sigma Notation (Summation Notation) :


=

+++=
n

i

ni XXXX
1

21 ...)1(


=

+++=
n

i

ni XXXX
1

22

2

2

1

2 ...)2(


=

+++=
n

i

ni XXXX
1

2

21

2 )...()()3(

n

n

i i XXXX

1
...

111
)4(

21 1

+++=
=

n

n

i

i

XXX
X

+++
=


=

...

11
)5(

21

1
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Sigma Notation (Summation Notation) :


=

+++=
n

i

ni XXXX
1

1021011010 log...logloglog)6(

n

n

i

i XXXX +++=
=

...)7( 21

1


=

+++=
n

i

ni XXXX
1

21 ...)8(
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Properties of Sigma Notation (Summation Notation) :

naa
n

i

=
=1

)1(

 
= =

=
n

i

n

i

ii XaaX
1 1

)2(

If Xi and Yi are two Variables, and a, b are two constants n sample size then:

( ) 
= =

=
n

i

n

i

ii naXaX
1 1

)3(

( )  
= = =

=
n

i

n

i

n

i

iiii YbXabYaX
1 1 1

)4(

nkXXX
k

i

n

ki

ii

n

i

i += 
= +== 1 11

)5(


=

+++=
n

i

nnii YXYXYXYX
1

2211 ...)6(
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Example//


=

n

i

iX
1

)1(

If we have the following data: Xi: 2,4,5,8,3    Yi: 1,2,3,2,3 Find:


=

n

i

iY
1

2)2(


=

n

i

iX
1

3)3(

( )
=

−
n

i

iX
1

4)4(

2

1

)5( 








=

n

i

iX


=

n

i iX1

1
)6(


=

n

i

iX
1

)7(


=

n

i

iX
1

10log)8(


=

n

i

iiYX
1

)9(

( )
=

−
n

i

ii YX
1

)10(


=

n

i

iiYX
1

2)11(

( )( )
=

−−
n

i

ii YX
1

34)12(
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Pi Notation

n

n

i

i XXXX *...** 21

1

=
=

In Excel we can use the function :

=PRODUCT(A1:A10)
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Properties of Pie Notation:


=

=
n

i

naa
1

)1(


==

=
n

i

i

n

i

n

i XaaX
11

)2(

If Xi and Yi are two Variables, and a, b are two constants n sample size then:

( )  
= ==

=
n

i

n

i

ii

n
n

i

ii YXabYabX
1 11

)3(




=

=

=
n

i

i

n

i i X
X

1

1

11
)4(

( ) 
= =

=
n

i

n

i

ii XX
1 1

1010 loglog)5(


==

=
n

i

i

n

i

i XX
11

)6(

a
n

i

i

n

i

a

i XX 
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== 11
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=
n

i

i

n

i
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i XaiX
1

10

1

10 loglog)8(






=

=

=

=
n

i

i

n

i
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1

1

1

)9(
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Example//


=

4

1

)1(
i

iX

If we have the following data: Xi: 1,2,3,2,4,3,5,3  Yi: 2,1,3,3,5,2,4,2   Find:


=

5

2

)2(
i

iY


=

4

1

5)3(
i

iX


=

−
7

1

9)4(
i

iY


=

3

1

2)7(
i

iiYX


=

−
n

i

iY
1

2)6(


=

−
8

1

1)5(
i

iX

( )
=

+
5

1

2)8(
i

iY


=

n

i

iY
1

3)9(


=

n

i
i

X
1

2)10(


=

3

1

2)11(
h

h


= =

5

1

6

1

2)12(
h t

ht

=12

=45

=7500

= -3443737680

=0.000462962962962963

=0.000000482253086419753

=288

=2100

=3073.734

=4665600

=36

=748838574120
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A measure of central tendency is a single value that attempts (محاولات) to describe a set of

data by identifying the central position within that set of data. As such, measures of

central tendency are sometimes called measures of central location. They are also

classed as summary statistics. The mean (often called the average) is most likely the

measure of central tendency that you are most familiar with, but there are others, such

as the median and the mode.

The mean, median and mode are all valid measures of central tendency, but under

different conditions, some measures of central tendency become more appropriate to

use than others. In the following sections, we will look at the mean, mode and median,

and learn how to calculate them and under what conditions they are most appropriate to

be used.

Chapter Four 
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1) Mean (Arithmetic Mean)

The mean (or average) is the most popular and well known measure of central 

tendency.

n

X

XMean

n

i

i
=== 1 For ungrouped data





=

===
m

i

i

m

i

ii

f

Xf

XMean

1

1 For grouped data

Sample
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Weighted mean
Weighted mean is calculated when certain values in a data set are more important than 

the others. A weight wi is attached to each of the values xi to reflect this importance.





=

===
n

i

i

n

i

ii

W

W

XW

XMeanWeighted

1

1
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2) Median

The median is the middle score for a set of data that has been arranged in order of 

magnitude. The median is less affected by outliers and skewed data. In order to 

calculate the median, suppose we have the data below:
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1- Ungrouped Data 

Example1// from the following data find the median? n is odd

Xi 4 8 5 2 6 3 8

Solution// the first stapes we sort or order the data from smallest to largest

or from largest to smallest :

Xi 2 3 4 5 6 8 8

The Median = 5 Unite
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1- Ungrouped Data 

Example2// from the following data find the median? n is even

Xi 4 8 5 6 3 8

Solution// the first stapes we sort or order the data from smallest to largest

or from largest to smallest :

Xi 3 4 5 6 8 8

UniteMMedianThe e 5.5
2

65
=

+
==
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Classes frequency

2-4 6

5-7 9

8-10 12

11-13 20

14-16 14

17-19 11

20-22 8

Total 80

2- Grouped Data

Example 1 Discrete data// from the 

following information find the Median:
k

m

i

i

k F

f

F 

=

−
2

1
1

Fi

6

15

27

47

61

72

80

4474027

47
2

80
27

2

1
1

=





=

−

Classmedian

F

f

F k

m

i

i

k

UniteMedian

Then

12
2

1311

:

=
+

=



74

Classes fi Xi Fi

51-55 6 53 6

56-60 25 58 31

61-65 7 63 38

66-70 4 68 42

71-75 3 73 45

76-80 2 78 47

81-85 1 83 48

48



75

Classes frequency

10- 2

20- 4

30- 9

40- 20

50- 30

60- 11

70-80 6

Total 82

2- Grouped Data

Example 2  Continuous data// from the 

following information find the Median:

Fi

2

6

15

35

65

76

82



















−+== −
=


1

1

2
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m

i

i

k

k
ke F

f

f

h
LMMedian

:

5654135

65
2

82
35

2

1
1

Then

Classmedian

F

f

F k

m

i

i

k
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−
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15

7

1

5

5
5

2
F

f

f

h
LM i

i

e

UniteMMedian e 5235
2

82

30

10
50 =








−+==

Lower Limit of Median Class

Length of Median Class

Frequency of Median Class
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3) Mode

The mode is the most frequent score in our data set. On a histogram it represents 

the highest bar in a bar chart or histogram. You can, therefore, sometimes 

consider the mode as being the most popular option. An example of a mode is 

presented below:
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Example// from the following information find the Mode:

Classes fi

2-4 3

5-7 7

8-10 14

11-13 8

14-16 1

UnitM o 9
2

108
=

+
=
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Example// from the following information find the Mode:

Classes fi

50- 55

60- 85

70- 71

80- 15

90-100 4

( )
( ) ( ) k

kkkk

kk
ko h

ffff

ff
LM 

−+−

−
+=

+−

−

11

1

( )
( ) ( )

MarksM o 82.6610
71855585

5585
60 =

−+−

−
+=
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Example// Find the Mode by the Chart:



80

type of Variable Best measure of central tendency

Nominal Mode

Ordinal Median

Interval/Ratio (not skewed) Mean

Interval/Ratio (skewed) Median
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4) Geometric Mean

It is defined as the arithmetic mean of the values taken on

a log scale. It is also expressed as the nth root of the

product of an observation.

1

Geometric Mean , 0
n

n
i i

i

G X X
=

= = 

• .في معدلات النمو والتطور، وجميع المعدلات التني تميل إلى التغير بنسب ثابتة

• .قليل التأثر بالقيم الشاذة والمتطرفة

• .يشمل جميع قيم المتغير، مما يجعله من المقاييس التي تعبر بشكل جد عن كل البيانات

ي هو أحد أشكال المتوسطات، ويستخدم بكثرة في دراسة المعدلات التي تميل إلى الزيادة بنسب ثابتة، كما يستخدم ف

.دراسة السلاسل الزمنية القائمة على مقارنة معدل ما واختلافاته باختلاف الزمن
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5) Harmonic mean

It is the reciprocal of the arithmetic mean of the 

observations.

0,
1

Mean Harmonic

1

==


=

in

i i

X

X

n
H

يفضل استخدامه على باقي المتوسطات في حالة إيجاد معدل 

السرعات ومعدلات التغيير
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6) Quadratic mean

0,Q 1

2

==

=

i

n

i

i

X
n

X

QMeanuadratic
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Variation is a way to show how data is dispersed, or

spread out. Several measures of variation are used in

statistics.

Chapter Five 
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1) The Range

SL XXR −=

Example// from the following data find the range:

Xi:   3, 5, 8, 9, 10, 22, 15, 14, 1, 13

UnitR

XXR SL

21122 =−=

−=
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2- Variance 

( )

( )

2

2 1

2

2 1

, 30

, 30
1

n

i

i

n

i

i

X X

S n
n

X X

S n
n

=

=

−

= 

−

= 
−
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3- Standard deviation 

( )

( )
30,

1

30,

1

2

1

2


−

−

=



−

=





=

=

n
n

XX

S

n
n

XX

S

n

i

i

n

i

i
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Xi

6

13

25

42

41

74

52

19

Mean=34

Example// from the following data find (standard

deviation and the Variance):
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Xi

6 (6-34)=-28 784

13 -21 441

25 -9 81

42 8 64

41 7 49

74 40 1600

52 18 324

19 -15 225

Total 3568

( )
( ) ( ) ( )

Unit22.577
7

3568

18

3419...3413346

1

222

1

2

==
−

−++−+−
=

−

−

=

=

n

XX

S

n

i

i

( )
( ) ( ) ( ) 2

222

1

2

2 Unit509.714
7

3568

18

3419...3413346

1
==

−

−++−+−
=

−

−

=

=

n

XX

S

n

i

i



90

What is the Coefficient of Variation?

How to Find the Coefficient of Variation

100
S

CV
X

= 

https://www.statisticshowto.datasciencecentral.com/probability-and-statistics/how-to-find-a-coefficient-of-variation/#HTFTCOV
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Chapter Six:
Standard Normal Distribution 
and Standard Score (z-score)



92

Examples of continuous probability distributions:

• The normal and standard normal

X

f(X)





Changing μ shifts the 
distribution left or right.

Changing σ increases or 
decreases the spread.
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The Normal Distribution:

as mathematical function (pdf)

2)(
2

1

2

1
)( 





−
−

=

x

exf

Note constants:

=3.14159

e=2.71828

This is a bell shaped 
curve with different 
centers and spreads 
depending on  and 
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The Normal PDF

1
2

1
2)(

2

1

=
+

−

−
−

dxe

x







It’s a probability function, so no matter what the 

values of  and , must integrate to 1!
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Normal distribution is defined by 

its mean and standard dev. 

E(X)=

Var(X)=2

Standard Deviation(X)=

dxex

x


+

−

−
−


2)(

2

1

2

1






2
)(

2

1

2 )
2

1
(

2








−
+

−

−
−

dxex

x
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**The beauty of the normal curve: 

No matter what  and  are, the area between - and

+ is about 68.27%; the area between -2 and +2

is about 95.45%; and the area between -3 and +3 is

about 99.73%. Almost all values fall within 3 standard

deviations.
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68.27 - 95.45 - 99.73 Rule 

68.27% of the 

data

95.45% of the data

99.73% of the data
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2

2

2

1
( )

2

2 1
( )

2

2

3 1
( )

2

3

1
0.6827

2

1
0.9545

2

1
0.9973

2

x

x

x

e dx

e dx

e dx

  



 

  



 

  



 

 

 

 

+ −
−

−

+ −
−

−

+ −
−

−

• =

• =

• =
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How good is rule for real data?

•Check some example data:

•The mean of the weight of the women = 127.8

•The standard deviation (SD) = 15.5
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The Standard Normal (Z):
“Universal Currency”

The formula for the standardized normal probability 
density function is

22 )(
2

1
)

1

0
(

2

1

2

1

2)1(

1
)(

Z
Z

eeZp
−

−
−

==
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The Standard Normal Distribution (Z)  

All normal distributions can be converted into 

the standard normal curve by subtracting the 

mean and dividing by the standard deviation: 



−
=

X
Z

Somebody calculated all the integrals for the standard 
normal and put them in a table!  So we never have to 
integrate!  

Even better, computers now do all the integration.
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Example

• For example: What’s the probability of getting a math 
SAT score of 575 or less, =500 and =50?

5.1
50

500575
=

−
=Z

⚫i.e., A score of 575 is 1.5 standard deviations above the mean


−

−
−

−

⎯→⎯=

5.1

2

1575

200

)
50

500
(

2

1 22

2

1

2)50(

1
)575( dzedxeXP

Z
x



Yikes! 

But to look up Z= 1.5 in standard normal chart (or enter 
into SAS)→ no problem!  = .9332 
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Looking up probabilities in the 

standard normal table

What is the area to the 
left of Z=1.51 in a 
standard normal curve?

Z=1.51

Z=1.51

Area is 93.45%



104


