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  (  Probabilities  and Statistics)  

Introduction :  
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Probability and statistics are concerned with events which occur by chance. Examples  include 

occurrence of accidents, errors of measurements. In each case we may have some 

knowledge of the likelihood of various  possible results, but we cannot predict with any 

certainty the outcome of any particular trial. Probability and statistics are used throughout 

engineering. In electrical  engineering, signals and noise are analyzed by means of probability 

theory.  

  

Probability versus Statistics  

Probability and statistics are related areas of mathematics which concern themselves with 

analyzing the relative frequency of events. Still, there are fundamental differences in the way 

they see the world:  

• Probability deals with predicting the likelihood of future events, while statistics 

involves the analysis of the frequency of past events.     

• Probability is primarily a theoretical branch of mathematics, which studies the 

consequences of mathematical definitions. Statistics is primarily an applied branch of 

mathematics, which tries to make sense of observations in the real world.  

  

( Statistics )  
Describing a set of  Data with numerical measures :  

Graphs can help you describe the basic shape of a data distribution; “a picture is worth 

a thousand words.”  But there are  limitations of using graph. Therefore, we need to find 

another way to convey a mental picture of the data.  

One way to overcome these problems is to use numerical measures, which can be 

calculated for either a sample or a population of measurements.  You can use the data to 

calculate a set of numbers that will convey a good mental picture of the frequency distribution. 

These measures are called parameters when associated with the population, and they are 

called statistics when calculated from sample measurements.  

  

Descriptive Statistics is the part of Statistics in charge of representing, analysing and 

summarizing the information contained in the sample.  

After the sampling process, this is the next step in every statistical study and usually consists 

of:  

1. To classify, group and sort the data of the sample.  

2. To tabulate and plot data according to their frequencies.  

3. To calculate numerical measures that summarize the information contained in 

the sample (sample statistics).  
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Frequency distribution :  
The study of a statistical variable starts by measuring the variable in the individuals of the 

sample and classifying the values. There are two ways of classifying data:  

• Non-grouping: Sorting values from lowest to highest value (if there is an order). Used 

with qualitative variables and discrete variables with few distinct values.  

1, 2, 4, 2, 2, 2, 3, 2, 1, 1, 0, 2, 2, 0, 2, 2, 1, 2, 2, 3, 1, 2, 2, 1, 2  

• Grouping: Grouping values into intervals (classes) and sort them from lowest to 

highest intervals. Used with continuous variables and discrete variables with many 

distinct values.  

 ,185 ,111 ,111 ,172 ,171 ,158 ,171 ,181 ,173 ,171  ,171 

,111 ,188 ,151 ,115 ,178 ,177 ,118 ,187 ,112  175, 182, 

167, 169, 172, 186, 172, 176, 168, 187. 

  

Sample classification :  

It consists in grouping the values that are the same and sorting them if there is an order 

among them.  

      Example. X = Height  

 

  

Frequency count :  

It consists in counting the number of times that every value appears in the sample.  

Example. X=Height  
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Sample frequencies :  
Definition - Sample frequencies. Given a sample of    values of a variable   , for every value 

  of the variable we define  

  Absolute Frequency  : The number of times that value   appears in the sample.  

  Relative Frequency  : The proportion of times that value   appears in the sample.  

 

   Cumulative Absolute Frequency  : The number of values in the sample less than or equal to .  

 

  Cumulative Relative Frequency  : The proportion of values in the sample less than or equal 

to  .  

 
  

Frequency table :  
The set of values of a variable with their respective frequencies is called frequency distribution of the 

variable in the sample, and it is usually represented as a frequency table.  

  

 values  
Absolute 

frequency  
Relative 

frequency  
Cumulative absolute 

frequency  
Cumulative relative 

frequency  

1  1  1  1  1  

          

          

          

    f      

  

Example - Quantitative variable and non-grouped data.   

Find (fi, Ni, Fi) for the following of number of children in 25 families are:  

1, 2, 4, 2, 2, 2, 3, 2, 1, 1, 0, 2, 2, 0, 2, 2, 1, 2, 2, 3, 1, 2, 2, 1, 2  

Solution :The frequency table for the number of children in this sample is  

  

   
  

   
  

   
  

  

  

𝑓 𝑖   =   𝑛 𝑖   /   𝑛   

𝑁 𝑖 = 𝑛 1 + ⋯ + 𝑛 𝑖   =   𝑁 𝑖 − 1 + 𝑛 𝑖   

𝐹 𝑖 =    𝑁 𝑖     /   𝑛   
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Example - Quantitative variable and grouped data. The heights (in cm) of 30 students 

are:  

179, 173, 181, 170, 158, 174, 172, 166, 194, 185,  

162, 187, 198, 177, 178, 165, 154, 188, 166, 171, 

175, 182, 167, 169, 172, 186, 172, 176, 168, 187.  

                   Solution :The frequency table for the height in this sample is :  

  

  

  

   

   
  

   
  

  

  

Frequency distribution graphs :  
Usually the frequency distribution is also displayed graphically. Depending on the type of 

variable and whether data has been grouped or not, there are different types of charts:  

• Bar chart  

• Histogram  

• Line or polygon chart.  

• Pie chart  

  

Bar chart :  
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Sample statistics :  
The frequency table and charts summarize and give an overview of the distribution of values 

of the studied variable in the sample, but it is difficult to describe some aspects of the 

distribution from it, as for example, which are the most representative values of the 

distribution, how is the spread of data, which data could be considered outliers, or how 

is the symmetry of the distribution.  

  

To describe those aspects of the sample distribution more specific numerical measures, called 

sample statistics, are used.   

According to the aspect of the distribution that they study, there are different types of 

statistics: Location statistics and Measures of dispersion.  

  

Location statistics :  
There are two groups:  

Central location measures(Measures of center): They measure the values where data are 

concentrated, usually at the centre of the distribution. These values are the values that best 

represents the sample data. The most important are:   

1. Arithmetic mean  

2. Median  

3. Mode  

  

Which central tendency statistic should I use?  
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In general, when all the central tendency statistics can be calculated, is advisable to use them 

as representative values in the following order:  

1. The mean. Mean takes more information from the sample than the others, as it takes 

into account the magnitude of data.  

2. The median. Median takes less information than mean but more than mode, as it takes 

into account the order of data.  

3. The mode. Mode is the measure that fewer information takes from the sample, as it 

only takes into account the absolute frequency of values.  

But, be careful with outliers, as the mean can be distorted by them. In that case it is better to 

use the median as the value most representative.  

  

  

Measures of dispersion: They measure the spread of data.  

1- Range  

2- Variance  

3- Standard deviation  

  
  

  

  

  

  

1 

Central location measures(Measures of center):  

1- Arithmetic mean  

 
 Sample arithmetic mean 𝑿. The sample arithmetic mean of a variable 𝑋 is the sum of 

observed values in the sample divided by the sample size:  
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Also , i t can be calculated from the  frequency table   with the formula   :   
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2- Median:  

A second measure of central tendency is the median, which is the value in the middle 

position in the set of measurements ordered from smallest to largest.  

  

Definition : The median m of a set of n measurements is the value of x that falls in the 

middle position when the measurements are ordered from smallest to largest.  

  

We can know the order and the value of median by using the following :  

The value “ .5(n + 1)  “  indicates the position of the median in the ordered data set. If 

the position of the median is a number that ends in the value .5, you need to average the two 

adjacent values.  

  

  

  

  

Now if we use the  value “ .5(n + 1)  :  

 
  

If a distribution is  tilt to the right, the mean shifts to the right; if a distribution is 

skewed to the left, the mean shifts to the left. The median is not affected by these extreme 

values because the numerical values of the measurements are not used in its calculation. 

When a distribution is symmetric, the mean and the median are equal. If a distribution is 
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strongly skewed by one or more extreme values, you should use the median rather than the 

mean as a measure of center.  

  

  

1 

3- The Mode :  
Another way to locate the center of a distribution is to look for the value of x that 

occurs with the highest frequency. This measure of the center is called the mode.  

  

Definition :  The mode is the category that occurs most frequently, or the most frequently 

occurring value of x. When measurements on a continuous variable have been grouped as 

a frequency or relative frequency histogram, the class with the highest peak or frequency is 

called the modal class, and the midpoint of that class is taken to be the mode. Note : The 

mode is generally used to describe large data sets, whereas the mean and            median are 

used for both large and small data sets.  

 

  

Solution :  

For The visits :  

Table: From the data in Example reproduced in Table (a), the mode of the distribution of the 

number of reported weekly visits to Starbucks for 30 Starbucks customers is 5.  

For the birth weight :  

Table: For the birth weight data in Table (b), a birth weight of 7.7 occurs four times, and 

therefore the mode for the distribution of birth weights is 7.7  
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Using the histogram(a) for The visits: The modal class and the value of  x occurring with 

the highest frequency are the same, as shown in Figure (a).  

Using the histogram(b) for the birth weight: Using the histogram to find the modal class, 

you find that the class with the highest peak is the fifth class, from 7.6 to 8.1. Our choice for 

the mode would be the midpoint of this class, or (7.6 + 8.1) 7.85. See Figure (b).  

  

11 

Dispersion statistics(Measure of variability):  
Dispersion or spread refers to the variability of data. So, dispersion statistics measure how 

the data values are scattered in general, or with respect to a central location measure. For 

quantitative variables, the most important are:  

1- Range  

2- Variance  

3- Standard deviation  

  

1- Range  :  
Definition - Sample range. The sample range of a variable  is the difference between 

the the maximum and the minimum values in the sample.  

 

The range measures the largest variation among the sample data. However, it is very 

sensitive to outliers, as they appear at the ends of the distribution, and for that reason 

is rarely used.  

Example: the measurements “ 5, 7, 1, 2, 4 “ vary from 1 to 7. Hence, the range is   ( 

7 - 1 = 6) . The range is easy to calculate, easy to interpret, and is an adequate measure 

of variation for small sets of data. For large data sets, the range is not an adequate 

measure of variability.  

  

 Deviations from the mean:  

Another way of measuring spread of data is with respect to a central tendency 

measure, as for example the mean.  

In that case, it is measured the distance from every value in the sample to the mean, 

that is called deviation from the mean·  
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If deviations are big, the mean is less representative than when they are small.  
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2- Variance and standard deviation  
Variance of a population:   

The variance of a population of  N  measurements is the average of the squares  of the 

deviations of the measurements about their mean “μ”. The population variance is denoted 

by “ σ2  “ and is given by the formula.  

 

The variance of a sample :  

The variance of a sample of “n” measurements is the sum of the squared deviations of 

the measurements about their mean ”    “  divided by (n - 1). The sample variance is 

denoted by s2  and is given by the formula.  

 
The variance ( s2) is measured in terms of the square of the original units of measurement. 

If the original measurements are in inches, the variance is expressed in square inches. 

Taking the square root of the variance, we obtain the  standard deviation, which returns 

the measure of variability to the original units of measurement.   

  

Definition  : The standard deviation(S)  of a set of measurements is equal to the positive 

square root of the variance                      

  

Both variance and standard deviation measure the spread of data around the mean. 

When the variance or the standard deviation are small, the sample data are concentrated 

around the mean, and the mean is a good representative measure. In contrast, when 

variance or the standard deviation are high, the sample data are far from the mean, and 

the mean does not represent so well.  
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Shortcut method for calculating ( s2).  
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