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What Is a Probability Distribution?

A probability distribution is a statistical function that describes all 

the possible values and likelihoods that a random variable can take 

within a given range.

This range will be bounded between the minimum and maximum 

possible values, but precisely where the possible value is likely to be 

plotted on the probability distribution depends on several factors. 

These factors include the distribution's mean (average), standard 

deviation, skewness, and kurtosis.



3

PROBABILITY DISTRIBUTION

There are two types:

Probability distribution of continuous variables.

Probability distribution of discrete variables.



There are different theoretical types of probability distribution :

1- Binomial prob distribution

2- Poisson prob distribution

3- Normal prob distribution 

4- Skewed prob distribution 
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Binomial prob distribution

The binomial distribution, for example, evaluates the probability of 

an event occurring several times over a given number of trials and 

given the event's probability in each trial.

Coin and figuring the probability of that coin coming up heads in 10 

straight flips. A binomial distribution is discrete, as opposed to 

continuous, since only 1 or 0 is a valid response.
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The Poisson distribution is the discrete probability distribution of 

the number of events occurring in a given time period, given the 

average number of times the event occurs over that time period.

A Poisson Process is a model for a series of discrete event 

where the average time between events is known, but the exact 

timing of events is random. 
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A Poisson distribution can be used to analyze the probability of 

various events regarding how many customers go through the 

drive-through. It can allow one to calculate the probability of a 

pause in activity (when there are 0 customers coming to the drive-

through) as well as the probability of a spell of activity (when there 

are 5 or more customers coming to the drive-through). 

This information can, in turn, help a manager plan for these events 

with staffing and scheduling.
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NORMAL DISTRIBUTION (of continuous variables): 

it is the most important distribution in statistics and mostly used. 

Parameters include population mean (μ) which is the measure

of central tendency, and the standard deviation (δ) which is the

measure of dispersion. 
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If we have a group of continuous variables with certain class interval, 

we can represent them by histogram and frequency polygon. 

we have a group of variables which is huge and the class interval is

very small so the frequency polygon will take a shape of very smooth

curve and that curve is called "normal distribution curve" or Gaussian curve .
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Characteristics of normal distribution curve include: 

1.It is used for continuous variables only.

2.Symmetrical around its mean i.e. the right side is equal to the left.

3.The mean, mode and median are equal.

4.Total probability under the curve (area under the curve - AUC -)

equals to one.

5. 50% of AUC lies to the right of the median & 50% to the left.
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6.Probability Limits around the mean: If you move by one standard 

deviation (δ) away from the mean on each side; the AUC limited by ±

1δ  equals to 68% of total AUC, & so:      μ ± 1δ → 68%,         

95%,           

μ ± 3δ              99 .7%,  and as 99.7% ≈ 1(or100%)

μ ± 2δ 

so AUC ≈ 6δ (3 on each side of μ).
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7.Different values of μ and δ shift the graph of distribution along X &  

Y axes.

If we change μ while keeping δ constant, the curve will shift to 

the right on increasing μ & to the left on decreasing μ. 

On changing δ and keeping μ constant; the curve will become more flat

on increasing δ and narrower on decreasing δ without any shifting 

the curve to any side. μ1 < μ2 < μ3 
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Example: If population mean of systolic blood pressure is 120 mmHg with 

population standard deviation of 10 mmHg. What is the probability of 

getting a patient with systolic BP 

a) Between 120 and 130 mmHg 

b) < 120mmHg

c) < 100 mmHg 

d) > 140mmHg

e) Between 120 and 125 mmHg

f) > 135mmHg
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a.From 120 to 130 we move one standard deviation, 

so the probability is 34% (0.34) (i.e. half the 68%). 

b. Probability of less than 120 mmHg is 50%.

c. Probability of less than 100 mmHg is 2.5%.

d. Probability of more than 140 mmHg is 2.5%.
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In an ideal distribution of values , the mean , median ,and 

are equal within the population under study . 

mode

If a set of values includes disproportionately larger number of high 

values than low or vice-versa,  the most common value {mode} may 

differ from the average value . 

Asymmetry curves are generated and these , are said to be skewed . 

Under these circumstances , the median may be more representative . 
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If the difference [ mean – median ] is positive ,  or if the mean is greater

than the mode , the curve is positively skewed . 

If the [ mean– median ] is negative , or its mean is less than its mode,  

the curve is negatively skewed. 

Coefficient of skew ness in symmetrical distribution {NDC} is = zero 
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The distribution is said to be positively skewed when it   

number of low scores and small number of very 

has large 

negatively skewed distribution have 

high scores whereas 

a relatively  large number of high 

scores and small number of low scores .    

In a positive (right ) skewed curve Mean > Median > Mode 

In a negative (left ) skewed curve  Mean < Median < Mode 
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Kurtosis is a measure of the degree to which a distribution is 

''peaked'' or flat in comparison to a normal distribution whose graph 

is characterized by a bell- shaped appearance. 

Symmetric curves may show kurtosis in accordance with whether 

they are unusually peaked [ leptokurtic], or flattened [ platykurtic ]

The ideal curve is mesokurtic.

B is called the coefficient of kurtosis. 
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Its value for normal curve is three ; if the B  is higher than three ,

the curve is more flattened . If B is lower than 3, degree of flatness

is lower. 
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Preferences for the use of normal distribution : 

1- The ND has been extensively and accurately tabulated consequently , 

if it seems to apply fairly well to a problem , the investigator

has many time – saving tables ready at hand.

2- The distribution of many variables are approximately normal , 

such as height, body mass index, weight. 
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3- With measurements whose distributions are not normal , a simple 

transformation of the scale of measurements may induce approximate 

normality , square root , and the log X are often used as transformations.

Those transformations are found useful for flexible use of some tests of 

significance like student's ' t – test ' . 

4- Even if the distribution of sample averages tends to become normal 

, under a wide variety of conditions , as the size of the sample 

increases . This is the single most important reason for the use of the

normal distribution. 
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is a numerical measurement used in statistics of a value's relationship to 
the mean (average) of a group of values, measured in terms of standard 
deviations from the mean. 
If a Z-score is 0, it indicates that the data point's score is identical to the 
mean score.
A Z-score of 1.0 would indicate a value that is one standard deviation 

from the mean.
Z-scores may be positive or negative, with a positive value indicating 

the score is above the mean and a negative score indicating it is below 
the mean.

A Z-score 

https://www.investopedia.com/terms/s/standarddeviation.asp
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Z- score : The location of any element in a normal distribution can 
be expressed in terms of how many SD it lies above or below the 
mean of the distribution .

It is a standard score, scores converted into standard  

Z score 

units.

It represents the distance of a value (x) from the (mean ) in units 
of SD  

Is the relative deviate or standard normal deviate . 
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This is for presentation of a measurement (X) from the   

mean or median in terms of SD. 

It is as measurement       Z= (X- mean)/ SD 

Therefore , also known as standardized scores or SD 

reference

scores.

The Z-score, is the number of standard deviations a given data point lies 
from the mean. 
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Here is how to interpret z-scores.
◾A z-score less than 0 represents an element less than the mean.

◾A z-score greater than 0 represents an element greater than the mean.

◾A z-score equal to 0 represents an element equal to the mean.

◾A z-score equal to 1 represents an element that is 1 standard deviation 
greater than the mean; a z-score equal to 2, 2 standard deviations greater 
than the mean; etc.
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A z-score equal to -1 represents an element that is 1 standard 
deviation less than the mean; a z-score equal to -2, 2 standard 
deviations less than the mean; etc.
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Z - Scale: for each value of z there is a specified probability illustrated

in z table, this is done by using a table to obtain a probability

associated with any normal distribution provided that the

mean and the standard deviation are known. 

So any continuous variable follows the normal distribution follows

Z – scale, e.g. weight, height, s. cholesterol, etc.
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Where: x is the value that you want to know its proportion. 

Z = no. of standard deviations = (x - μ) / δ 
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If we go back to the same previous example of SBP:

Z = no. of δ from μ to x     = 120-120/10 = 0 for 120
= 130-120/10 = 1 for 130
= 140-120/10 = 2 for 140
= 110-120/10 = -1 for 110
= 100-120/10 = -2 for 100
= 125-120/10 = .5 for 125
= 140-120/10 = 2  for 140
= 135-120/10 = 1.5 for 135
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For probability of population proportion of SBP lying between 120

and 125 mmHg; 

z = 120-125/10 = 0.5

then from Z- table; we take the probability positioned for z value of

0.5 which is 0.6915. 

Z-table: contains numbers (probabilities) that represent

AUC between specific intervals keeping in mind that the whole 

AUC= 1.
Z score is also called Critical Ratio. 
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The probability for the area limited between 0 (for 120, where z table opposes 

z value of 0 with the probability of 0.5) and 0.5 (for 125, where z table 

opposes z value of 0.5 with the probability of 0.6915) 

= 0.6915 – 0.5 = 0.1915 

19.15% = proportion of people having SBP between 120 &125.
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The probability of finding people (or proportion of people) with SBP 

≥ 135 mmHg is .9332, so probability of finding a person

with SBP > 135 mmHg is 1 - 0.9332 = 0.0668 = 6.68%.


