
The Normal Distribution

CHAPTER 6



INTRODUCTION

• MANY CONTINUOUS VARIABLES HAVE DISTRIBUTIONS THAT ARE 

BELL-SHAPED AND ARE CALLED APPROXIMATELY NORMALLY 

DISTRIBUTED VARIABLES, SUCH AS THE HEIGHTS OF ADULT MEN, 

CHOLESTEROL LEVEL OF ADULTS.

• A NORMAL DISTRIBUTION IS ALSO KNOWN AS THE BELL CURVE OR 

THE GAUSSIAN DISTRIBUTION. 
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NORMAL AND SKEWED DISTRIBUTIONS

• A NORMAL DISTRIBUTION IS A CONTINUOUS, SYMMETRIC, BELL-

SHAPED DISTRIBUTION OF A VARIABLE.

• IF THE DATA VALUES ARE EVENLY DISTRIBUTED ABOUT THE MEAN, 

THE DISTRIBUTION IS SAID TO BE SYMMETRICAL.  

(MEAN=MEDIAN=MODE)

• IF THE MAJORITY OF THE DATA VALUES FALL TO THE LEFT OR RIGHT 

OF THE MEAN, THE DISTRIBUTION IS SAID TO BE SKEWED.
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NORMAL DISTRIBUTION PROPERTIES
• THE SHAPE AND POSITION OF THE NORMAL DISTRIBUTION CURVE 

DEPEND ON TWO PARAMETERS, THE MEAN AND THE STANDARD 

DEVIATION. 

• THE MEAN, MEDIAN, AND MODE ARE EQUAL AND LOCATED AT THE 

CENTER OF THE DISTRIBUTION.

• THE NORMAL DISTRIBUTION CURVE IS UNIMODAL (I.E., IT HAS ONLY 

ONE MODE).

• THE CURVE OF THE NORMAL DISTRIBUTION IS CONTINUOUS, I.E., 

THERE ARE NO GAPS. FOR EACH VALUE OF X, THERE IS A 

CORRESPONDING VALUE OF Y.

• THE TOTAL AREA UNDER THE NORMAL DISTRIBUTION CURVE IS 

EQUAL TO 1.00 OR 100%. 
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• THE AREA UNDER THE NORMAL CURVE THAT LIES WITHIN 

• ONE STANDARD DEVIATION OF THE MEAN IS APPROXIMATELY 0.68 (68%). 

• TWO STANDARD DEVIATIONS OF THE MEAN IS APPROXIMATELY 0.95 (95%).

• THREE STANDARD DEVIATIONS OF THE MEAN IS APPROXIMATELY 0.997 (99.7%).
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• AREAS UNDER THE NORMAL CURVE
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STANDARD NORMAL DISTRIBUTION

• THE STANDARD NORMAL DISTRIBUTION IS A NORMAL DISTRIBUTION 

WITH A MEAN OF 0 AND A STANDARD DEVIATION OF 1. 

• ALL NORMALLY DISTRIBUTED VARIABLES CAN BE TRANSFORMED 

INTO THE STANDARD NORMALLY DISTRIBUTED VARIABLE BY USING 

THE Z VALUE WHICH IS THE NUMBER OF STANDARD DEVIATIONS 

THAT A PARTICULAR X VALUE IS AWAY FROM THE MEAN:
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AREA UNDER THE STANDARD NORMAL DISTRIBUTION CURVE 

• THE TABLE OF THE STANDARD NORMAL DISTRIBUTION GIVES THE 

PROBABILITY TO THE LEFT OF THE VALUES, P(Z < A)

• EXAMPLE: P(Z < 2.32) = 0.9898

9© 2013 Statistics Department



• NOTE THE FOLLOWING

• P(Z < A) = P(Z ≤ A)

• P(A < Z < B) = P(A ≤ Z ≤ B) = P(Z < B) – P(Z < A)

• P(Z > A) = P(Z ≥ A) = 1 – P(Z < A)
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• EXAMPLE:

• IF THE INCOME OF 10000 FAMILIES FALLOWS A NORMAL DISTRIBUTION

WITH MEAN 1800 SR. AND STANDARD DEVIATION 300 SR. FIND THE

FOLLOWING:

• THE PROBABILITY OF A FAMILY INCOME IS LESS THAN 2550 SR.

• THE PROBABILITY OF A FAMILY INCOME IS LESS THAN 1300 SR. 

• THE PROBABILITY OF A FAMILY INCOME IS GREATER THAN 2400 SR.
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• EXAMPLE:

IF THE INCOME OF 1000 FAMILIES FALLOWS A NORMAL

DISTRIBUTION WITH MEAN 1800 SR. AND STANDARD DEVIATION 300

SR. FIND THE FOLLOWING:

• THE PROBABILITY OF A FAMILY INCOME IS GREATER THAN 

1500 SR.

• THE PROBABILITY OF A FAMILY INCOME IS BETWEEN 1650 SR. 

AND 2250 SR.

• THE NUMBER OF FAMILIES THAT HAVE INCOME GREATER 

THAN 1500 SR.

12



• EXAMPLE:

• THE LIFETIME OF ONE 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?

• IF THE MICROWAVES HAVE WARRANTY FOR ONE YEAR, 

WHAT IS THE PERCENTAGE OF MICROWAVES THAT THE 

FACTORY HAS TO EXCHANGE WITH FREE NEW ONES? 
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DISTRIBUTION OF SAMPLE MEANS 

• 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.

• 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

• AS THE SAMPLE SIZE N INCREASES, THE SHAPE OF THE DISTRIBUTION OF

THE SAMPLE MEANS TAKEN WITH REPLACEMENT FROM A POPULATION

WITH MEAN Μ AND STANDARD DEVIATION WILL APPROACH A

NORMAL DISTRIBUTION.

• THUS, THE MEAN OF THE SAMPLE MEANS EQUALS THE POPULATION

MEAN, , AND THE STANDARD DEVIATION OF THE SAMPLE MEANS

WHICH IS CALLED THE STANDARD ERROR OF THE MEAN IS

• 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.

• A NEW FORMULA MUST BE USED FOR THE Z VALUES: 

DISTRIBUTION OF SAMPLE MEANS 
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• EXAMPLE:

• 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.
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