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Abstract:  The way engineering is being taught has changed in recent years with the introduction of commercial and 
educational software thus allowing a better understanding of the subject matter and increased teaching efficiency.  This 
paper presents the educational software package designed to work in PCs and provides an attractive way to introduce 
the fundamentals of random variables.  The software can be used as a complement to theoretical classes or alone as a 
self-study tool.  The package was implemented in MATLAB and uses MATLABTM tool “makeshow” which allows the 
students to create interactive slideshows without building their own graphic interface.  The software is easy to use and 
is in accordance with the established standards, mouse operations, icon menus, etc.  The demos include Probability 
Density Function (PDF), and Cumulative Distribution Function (CDF), normal, lognormal, exponential, Rayleigh and 
Rician random variables.  The package also demonstrates how to generate the desired random sequence, how to 
examine its characteristics and how to estimate its PDF and CDF. 
 
Categories and Subject Descriptors:  G.3 [Probability and statistics]: Distribution functions 
General terms: Experimentation, Theory 
Keywords:  Educational software, MATLAB, Probability theory 

 
 
1.  INTRODUCTION 
Many of the engineering lecture courses are taught using a 
traditional method i.e. only with the support of a board or 
transparencies.  The major disadvantages of traditional 
teaching methods are that students usually have to choose 
between taking notes and listening to the lecturer.  As a 
result, most of the learning in traditional teaching is 
individual, since the students in the classrooms are taking 
notes or listening instead of participating [6].  
Consequently, many students in conventional classrooms 
develop little confidence in their own ability to learn [14].   

Demos are one of the important tools in the field of 
engineering education.  They help students realize how 
theory and systems work in reality [5].  Students learn 
better, remember longer and are better able to identify the 
appropriate concepts to solve new problems when they 
learn by addressing concrete problems and actively 
participate in exploration and pursuit of knowledge [14]. 

The availability of personal computers (PCs), their 
increasing calculation power, and their enhanced graphical 
possibilities enable teachers to take the advantage of the 
pedagogical possibilities afforded by new technologies 
[20].  Computer-aided learning has become extremely 
popular and its use in classroom can be very helpful by 
adding more analytical capabilities in all engineering areas 
[4].  It can be applied in the aspects of teaching, learning, 

validation, and research in engineering education [5].  
Besides, it is beneficial especially in terms of saving time 
and efforts for both teaching and learning in the educational 
process [5]. 

As a result computer-aided learning has become an 
important educational research activity in various 
engineering disciplines and there has been a growing 
interest in the development of educational software in all 
areas of study [4] and many computer packages have been 
developed to assist learning [2][23]. 

Our experience at the National Institute INAOE [9-11], 
shows that the development and usage of software tools 
represent an effective teaching approach and increase 
students’ learning.  Such software tools must be reliable, 
student-friendly and they must also preserve portability 
among different software platforms.  In pursuance of this 
goal we developed the educational software package to 
support the theory provided in basic courses in which the 
fundamentals of random signals are taught. 

It is known that random variable is generally 
considered as one of the most abstract and conceptually 
difficult areas in the engineering education and teaching of 
random variables is one of the subjects that requires more 
time for its understanding.  The use of computers gives 
students the visual and intuitive representation of the 
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random variables which had traditionally been stated in 
terms of abstract mathematical description. 

The package was implemented in MATLAB.  We 
choose MATLAB because MATLAB along with the 
accompanying toolboxes is the tool of choice for most 
educational and research purposes, [1,12,16,18,19].  It 
provides powerful computation and advanced visualization 
tools and is also available on a number of hardware 
platforms.   

The advantage of our approach is that the student does 
not need MATLAB or any other programming language 
experience. 

We used the MATLAB tool makeshow which allows 
the student to create her/his own interactive slideshows 
without building her/his own graphic interface [15].  There 
are two windows in each slide.  We used the upper 
windows for specific explanations, like in Figure 1.a, or for 
graphics, like in Figure 1.b.  The bottom window was used 
for general explanations like in Figure 1.a, or for the 
explanations of the upper graphics, like in Figure 1.b.  The 
order of the slide and the command buttons are on the right 
side of each slide.  (See Figures 1.a and 1.b). 

The student can change the slides automatically using 
the option AutoPlay.  In this case the student may use the 
button Stop to stop the presentation and later hit 
Continue to continue it.  The student can also choose the 
option to change slides manually with the mouse, by 
clicking Next to go forward or Prev, to go backward.  
The buttons Reset and Close are used to reset the demos 
and exit the program, respectively. 

In the next section we briefly describe the package and 
give some examples of demos.   
 
2.  DESCRIPTION OF PACKAGE 
As shown in Figure 2, the content of the package is given 
in the Menu.  In the following we briefly describe the 
options shown in the Menu. 

The random variable X with the range of values x is 
described by the cumulative distribution function (CDF)  
                                       )()( xXPxXF ≤=                 (1) 
where P is the probability and x is defined for every x from 
−∞ to ∞ . 

The probability density function (PDF) of X is defined 
as 
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The goal of the demo Density and Distribution is to show 
how to apply the relations (1) and (2) to a given random 
sequence to estimate its CDF and PDF using a histogram 
and the law of large numbers and also to illustrate the 
relationship between the PDF and the CDF [7,8].   

 
(a) 

 
(b) 
Figure 1.  Different slide examples. 
 

 
Figure 2.  Menu. 
 

The rang of the given random variable is divided into 
equidistant intervals called cells.  The histogram presents 
how many values of the given random variable belong to 
each cell.  The probability that the random variable is 
inside the cell is obtained as the ratio of the cell histogram 
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value and the total number of the values of the random 
variable N.  (Numerator in Eq. (2)).  According to Eq. (2) 
the PDF estimation is obtained as the ratio of the 
probability and the length of the cell.  Figure 3 shows 
N=500 samples of the uniform random variable in the 
interval [6,14], its histogram with 10 cells, probability 
estimation and the corresponding PDF estimation. 
 

 
Figure 3.  Illustration of the Density and Distribution demo. 
 

The demo is useful for understanding what the 
probability density function is and what the cumulative 
distribution function of a given sequence is.  This demo 
also shows the relationship between the histogram, 
probability for each cells and the PDF estimation.  It also 
illustrates the relationship between the PDF and the 
distribution. 

In this demo the student can change the type of the 
random variable, the length of the sequence and the number 
of cells for the histogram, as well as the density and 
distribution estimation and therefore understand the 
relationship between those parameters and the quality of 
the estimation.   

The normal (or Gaussian) random variable has played 
a significant role in the study of random phenomena in 
nature [7], because many naturally occurring random 
phenomena are approximately normal.  In addition, the sum 
of a large number of independent random variables, under 
certain conditions, can be approximated by a normal 
random variable (Central-limit theorem).   
A random variable X is called normal if its PDF is of the 
form 

                    )22/(2)(
2

1
)( σ

σπ
mxexXf −−=         (3) 

where m is the mean value and σ2  is the variance.  The 
corresponding cumulative distribution is 
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The goal of the demo Normal random variable is to 
illustrate the main properties of the normal random 
variable, which include: 
o The rule of 3σ which says that 99% of all values of the 

normal random variable are in the interval σ3±m . 
o How the shape of the PDF changes with the parameters 

m and σ2. 
o How the probability that the random variable takes 

values in the given interval related to the corresponding 
surface under the PDF and the corresponding points of 
the cumulative distribution is. 

o The fact that the sum of the normal random variable is 
also normal. 

o The fact that the linear transformation of the normal 
random variable is also normal. 

o Central limit theorem.  (Under a wide range of 
conditions the normal random variable can be used to 
approximate the sum of a large number of independent 
random variables). 

The N values of the Normal random variable with the 
variance σ2=1 and the mean value m=0 is generated using 
the MATLAB function randn. 
                                    ),1( Nrandnn =                             (5) 

In order to generate normal random variable n1 with the 
desired mean value m and the desired variance σ2 , the 
following transformation of the normal random variable n, 
generated by the MATLAB command randn is used [8]. 

                           mNrandnn +=  ),1( * 1 σ                       (6) 

Figure 4 shows different N=500 length random sequences 
for the same mean values and for different variances.   
Lognormal variable X can be generated using the 
exponential transformation of the corresponding normal 
random variable n [7,8,17]. 

                                                neX =                              (7) 
The corresponding MATLAB function is 
                                        )).,1(exp( NrandnX =              (8) 

The PDF of the lognormal variable is 
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where mn and 2
nσ  are the mean value and the variance of 

the normal random variable n.  The corresponding CDF is  
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Figure 4.  Illustration of the Normal random variable demo. 
 

 
The goal of the demo Lognormal variable is to show 

how to generate a lognormal sequence using (7) (See 
Figure 5) and to illustrate how the characteristics of the 
variable changes with the parameters of the corresponding 
normal random variable.  The student can choose the 
number of the desired data N and the desired values for mn 

and 2
nσ .  Since the PDF and CDF are estimated for the 

generated lognormal sequence, the student can also observe 
how the shapes of the PDF and CDF change with the 
parameters of the normal variable parameters.  The student 
can also specify the range of values of this random variable 
and observe how is the probability that the lognormal 
random variable lies in this interval related to the 
corresponding PDF and CDF.  Using this demo, it can also 
be verified that the sum of lognormal variables can be 
approximated by a lognormal variable.   
 

 
Figure 5.  Illustration of the Lognormal random variable demo. 
 

Exponential random variable arises in modeling of the 
time between occurrence of events, and in the modeling of 
the lifetime of devices and systems [13,17].  The parameter 
λ is the rate at which events occur, so that the probability of 
an event occurring by time x increases as the rate λ 
increases. 

The exponential variable X with the parameter λ has PDF 
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Its CDF is 
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N values of the uniform random variable U are generated 
using MATLAB function rand. 
                                        ),1( NrandU =                       (14) 
Using (13) and (14), the following MATLAB command 
can be used for the generation of N values of the 
exponential random variable. 
                          LANrandX /)),1(1log( −−=             (15) 
An exponential random variable X with the parameter λ, 
can be obtained by the following transformation of the 
uniform random variable U in the interval [0,1], 

)1ln(*
1

UX −−=
λ

                       (13)        

The exponential random variable is the only continuous 
variable with the memoryless property [13,17], 
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This result demonstrates that the probability of waiting at 
least an additional x second does not depend on how long 
one has already been waiting [13].    

The demo Exponential random variable shows how 
to generate an exponential random sequence using (13) and 
how to approximate its PDF and CDF.  The student also 
can investigate what is the probability that the exponential 
random variable is inside of the chosen interval or that it is 
less than the chosen value.  The probability values are 
depicted as the area under the PDF and also as the 
corresponding points on the distribution function.  The 
memoryless property (16) is also illustrated in the demo. 

As an example, Figure 6 shows the estimations and the 
exact shapes of the exponential density and distribution.   A 
Rayleigh random variable X can be generated using the 
transformation of two normal random variables n1 and n2  

with m1=m2=0 and 22
2

2
1 σσσ == [8], 

                                     2
2

2
1 nnX += .                        (17) 
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Figure 6.  Demo of Exponential random variable. 
 
A MATLAB command that generates X is  
 )2).^,1(*2).^,1(*( NrandnNrandnsqrtX σσ += .   (18) 

The random variable X has the following PDF 
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and CDF 

                                 
22/2

1)( σxexXF −−=               (20) 

The demo Rayleigh random variable shows the 
generation of the Rayleigh random sequence, and the 
estimation of the density and the distribution functions.  
Figure 7 illustrates the estimation of the PDF. 
 

 
Figure 7.  Illustration of the Rayleigh random variable demo. 
 
 

The student can change the parameters of the 
corresponding normal variables and observe the 
consecutive changes of the Rayleigh sequence.  It is also 
possible to investigate the probability that the Raleigh 
random variable is in the chosen interval or less than the 
chosen value and relate the probabilities with the PDF and 
Density. 

The last demo Rician random variable describes 
Rician random variable X, its generation, and estimation of 
the density and distribution function.  This variable can be 
generated using the following transformation of the normal 
variables n1 and n2, [8] 

            2
2

2)1( nnAX ++=                   (21) 

where A is a constant.  The corresponding MATLAB 
command is 

)2).^,1(2).^,1(( NrandnNrandnAsqrtX ++=        (22) 

This random variable has the PDF 
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x
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where I0(x) is the modified Bessel function 
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The demo shows how the shape of the density function 
changes with the parameters A and σ.  It also shows the 
limiting cases in which the Rician random variable 
approaches a normal or a Rayleigh random variable.  As an 
illustration, the last case is shown in Figure 8. 
 

 
Figure 8.  Illustration of Rician random variable demo. 
 
 
3.  CONCLUSIONS 
We created this educational software package with the idea 
of supporting a course on the fundamentals of random 
signals.  It encompasses the main aspects of the teaching 
process: motivation, experimentation, theoretical study, and 
evaluation. 
The software can be used as a complement to theoretical 
classes or alone as a self-study tool.  The package has all 
features we consider important for any educational 
software such as personalized and active learning process, 
repeatability, capacity to motivate students, interactivity, 
versatility, easy to use etc. 
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The demos include the estimation of the density and 
distribution functions in general, as well as for specific 
random variables such as normal, lognormal, exponential, 
Rayleigh and Rician.  The relationship between the density 
and distribution and the probability is demonstrated for 
each variable.  Some specific characteristics of these 
variables are also illustrated. 

The package has been conceived as a complementary 
tool enabling students to get a more intuitive understanding 
of random variables. 

The package is implemented in MATLAB and uses 
graphical tool makeshow, available in MATLAB.  This 

tool allows the student to create her/his own interactive 
slideshows without building a graphic interface.  The 
package is composed of slides that contain the plots of the 
corresponding signals and a short explanation.  Each demo 
can run automatically or manually, and each slide can be 
repeated many times.  In that way the student can compare 
the actual result with any previous one. 

Our experience at INAOE has shown that such an 
education tool allows for a better understanding of this 
important subject and increases teaching efficiency.  
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