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Abstract 
The subject of Probability, in which we have carried out the teaching innovation, forms part of the 
group of compulsory first-year subjects of the majority of degrees in Statistics. It is also an obligatory 
bridge between the world of Descriptive Statistics and the world of Inferential Statistics. This 
connection requires presenting fundamental concepts such as random variable. But the assimilation of 
the concept of random variable by students presents many difficulties.  

For this reason, we have proposed a learning dynamic in four phases: (1) the teacher presents the 
concept of random variable and the main distributions; (2) groups of two people are formed and a 
specific distribution is randomly assigned to each group. In this phase, the objective is for students to 
consolidate the most relevant properties of this variable. Once they have carried out a bibliographic 
search on the applications of the random variable, they are presented with a social project in which 
they are asked to get involved and identify how, with the random variable studied; they can give a 
solution to the problem presented. (3) Due to the fact that one of the deficiencies found is the 
elaboration of reports, the students are asked to write a report that is comprehensible to the rest of 
their classmates. (4) The last phase consists of making an oral presentation during which a 
questionnaire is administered to the students to assess different aspects of the intervention of each 
group.  

The evaluation of the student in this activity will be carried out according to three criteria: the teacher 
will give a score to the report and the oral presentation, and through the questionnaire, provided in the 
fourth phase of the proposed learning dynamic; the rest of the classmates will score the presentation 
of their work. The final grade will be calculated as the average of the teacher's assessment and the 
average assessment of the rest of the classmates.  

Based on these assessments, two rankings will be created, one based on the score obtained in the 
report and the other on the score obtained in the questionnaire for the oral communication. The first 
three positions of each ranking will have an extra point in the continuous evaluation of the subject. 

By means of this method, we have discovered that the combination between the teacher's explanation 
and the student's presentation helps to consolidate the concepts of random variable and to get 
involved in the subject. After the results it is expected that in subjects of higher courses, where they 
need the knowledge of these concepts, the results will be better. 

Keywords: Learning methodology, Collaborative learning, Higher Education, Statistics, Random 
variables. 

1 INTRODUCTION 
A key aspect of the European Higher Education Area (EHEA) is that the subjects that compose a 
degree cannot be conceived in isolation in either content or methodology. The future graduate in 
Applied Statistics has to acquire, in addition to his/her own Statistical knowledge, the competences 
that prepare him/her for his/her future profession. A Statistician needs to be trained under a 
multidisciplinary approach so that he/she learns to find synergies between knowledge, skills and 
acquired aptitudes. 

In the EHEA environment, both teachers and students have been challenged to change their 
methodologies. The student who accesses the University is accustomed to solving exercises, but has 
rarely been asked to pose problems or to model and simplify some random phenomenon. The 
professor has to be a guide of the teaching process and the student has to participate very actively in 
this process since we have to teach him to "learn how to learn". In such a globalized world where the 
student can find, through the Internet, a lot of documentation, the professor must help to select that 
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which helps him/her most to achieve his/her objectives. This new way of learning conditions the 
approaches, methodologies, evaluation and results. 

The contents, resources and strategies that are dealt with in the classroom must allow the student to 
be placed in what is going to be his future professional context [1]. The subjects that conform the title 
of Applied Statistics cannot be conceived isolated from each other, neither in contents nor in 
methodologies. As it is a degree that uses the adjective "applied", we must delve deeper into the 
multidisciplinary approach. If the student has to tackle different disciplines with common work projects, 
he/she will be more prepared to face the resolution of real situations marked by interdisciplinarity. 

The subject of Probability, where we have carried out the teaching innovation, is part of the group of 
obligatory subjects of the first year. In addition, it is an obligatory bridge between the world of 
Descriptive Statistics and the world of Inferential Statistics. This connection requires presenting 
fundamental concepts such as random variable. However, the assimilation of the concept of random 
variable by students presents great difficulties. 

For the development of this experience of educational innovation, the methodological strategy 
associated with Problem-Based Learning and ICT is adopted [2]. This methodology makes it possible 
to form working groups that are presented with a problem that has to be solved by searching for 
information, analyzing it and proposing solutions [3]. Students should investigate how certain statistical 
phenomena have been modeled, why these models have been used and finally they should know how 
to transmit it to the rest of their classmates. The implications of this innovation are twofold: on the one 
hand, it allows students to develop key competences for their professional future that are related to 
several subjects and, on the other hand, it encourages active learning processes and teamwork with 
students. 

2 METHODOLOGY 
The educational innovation activity that we have presented has been developed during the academic 
year 2018/19, with the aim of consolidating the concept of random variable. This project is part of the 
subject Probability that is taught in the second semester of the first year of the Degree in Applied 
Statistics in the Faculty of Statistical Studies of the Complutense University of Madrid. The subject of 
Probability is a basic subject for student training and requires active learning on the part of the student 
body. In this subject the student is faced with a new concept for him/her: "random variables". This 
subject becomes a pillar on which the teacher will later rely for the development of Inferential 
Statistics, and therefore it is very important to assimilate the concepts addressed in this subject [4]. It 
is a difficult subject for professors to teach, since for many students it is not easy to understand the 
modeling of some random experiments [5]. Therefore, it is necessary to design active learning 
experiences that ensure that the student is able to identify the random variable that explains each 
random experiment [6]. 

In the Faculty of Statistical Studies, three groups of this subject are taught, two in the morning shift 
and one in the afternoon shift. As this activity is proposed by the lecturers Sabina Belope and Mª 
Ángeles Medina, who give classes in the two groups in the morning, their students in the morning shift 
have participated in this project. This activity has been part of the continuous evaluation, although not 
all the students have participated actively (approximately 30% did not participate in the project). 

The learning dynamic in four phases proposed to the students is as follows:  

1 Phase 1 of the project consists in the presentation of the most important characteristics of the 
different random variables (probability density function, probability mass function, mathematical 
mean, etc.). This phase introduces the student to the world of Probability following a 
constructivist approach. 

2 Once this introduction to statistical models has been completed, we move on to phase 2. First, 
groups of two students are formed (their components are chosen randomly) and they are 
randomly assigned a specific distribution to each group. The objective of this phase is that the 
students consolidate the most relevant properties of this variable. The professor guides them in 
the search for information on their statistical model, using ICT. Second, once they have carried 
out a bibliographic search on the applications of the random variable, we must bring the 
problem closer to the students. This objective is achieved by presenting the students with a 
social project with different open-ended questions and each group must identify how the 
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random variable studied can provide a solution to some of the questions posed. The project of 
this course has been “Si tú subrayas yo no leo”1 (which can be translated as "If you underline, I 
do not read"). This project makes the students learn to take care of the library books and to 
empathize with people with low visibility. In the library of the Faculty of Statistical Studies the 
probability of finding an underlined book was estimated and from this value random variables 
such as Negative Binomial, Geometric, etc. can be constructed. 

3 Among the competences to be acquired by students of the Applied Statistics Degree are: 
o CG 1. Communicate and transmit the information to both a specialized and non-specialized 

audience. 
o CG 2. Ability to express oneself clearly and to present orally or in writing, by means of a 

professional report, the results of their analysis. 
In order to achieve these competencies we move on to phase 3, in this phase groups are 
encouraged to convey to their peers the importance and most relevant characteristics of the 
random variable they have studied. Each group should produce a well-structured report with the 
most significant aspects of the assigned random variable. Students must create an 
understandable written communication for the rest of their classmates using different 
techniques. As all students are taking Statistical Software I in parallel, they should use SAS 
software for the graphical representation of the probability density function and the cumulative 
distribution function of the random variable. 

4 Finally, phase 4 consists in making a 10 minutes oral presentation, using PowerPoint or another 
similar application. This presentation must be very clear because the rest of the colleagues do 
not know some of the properties of the random variable and must take notes. In addition, during 
the presentation a questionnaire is administered to the students in order to assess different 
aspects of the intervention of the group. 

3 RESULTS 
The success of this type of project will depend on several factors [7]. As it is a directed technique but 
very close to self-learning, it depends on the involvement of the students. As the innovation project 
has four phases, we must distinguish the results obtained in each of them. 

In the first and second phases, the most important result is the communication between the students 
of each group and the debate that opens up about the search for information on the different random 
variables. In the same way, it has been observed that with this project the student body strengthens 
the capacity to relate the different statistical models with events that appear in real life. 

In phase 3, significant progress has been observed in the use of mathematical language. When the 
student arrives at the University his or her mathematical language is very poor and comparing the 
language acquired by the students who have participated in the project with those who have not, 
significant differences can be appreciated in terms of precision and richness of vocabulary. In addition, 
for the presentation they have made applications with different programming languages. Getting them 
to see the usefulness within the Statistics of programming subjects. 

One of the requirements for the defence of work (phase 4) is that the students had to present the 
model they have researched in a way that is accessible to their classmates. Most students have 
chosen to make PowerPoint or Prezi presentations. 

For example, a group of students that was assigned the Beta random variable made the presentation 
with Prezi (Fig. 1). 

 
1 This is the slogan of the campaign, promoted by the Office for the Integration of Persons with Disabilities of the UCM (Oficina para 

la Integración de Personas con Discapacidad de la UCM), which aims to raise awareness among students of the negative effects 
of underlining library books, since scanning those books for students with visual disabilities generates a series of codes that those 
users cannot read, Dec. 2010. 
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Figure 1. Presentation of the Beta random variable of group G1 using Prezi. 

In the work of these students, they also used the SAS and Python programs. SAS for the graphical 
representation of the probability density and cumulative distribution functions of the Beta random 
variable (Fig. 2). Python for the creation of a web application in which when a user is interested in 
knowing what happens when one of the parameters varies, he can modify the values and observe 
which properties of the model have been modified. 

 
Figure 2. Probability density functions of a Beta random variable of group G1 with SAS. 

3.1 Applications of the models to the students' closest environment 
In the effort to make understandable some characteristics of the model developed, experiments in the 
classroom were conducted by some groups. We can highlight the case of a group of students that was 
assigned the Geometric and the Negative Binomial distributions, whose main motivation has been to 
use examples of real cases (Fig. 3). 
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Figure 3. Motivation of the group G2 in the presentation of the Geometric  

and Negative Binomial distributions. 

In the presentation of this group, experiments have been carried out using classmates (Fig. 4). By 
making the presentation with more classmates, it helps them to strengthen interpersonal relationships 
by having to explain objectives, methodologies, etc. to the rest of the students so that they become 
involved. 

 
Figure 4. Experiment of the Geometric random variable of the group G2. 

By repeatedly performing some experiments, students are actually simulating statistical models, but in 
a very basic way and that helps them understand much more abstract concepts such as simulation or 
probability. A priori they think that probability is a value that they have to modify after repeated 
observations. 

A generalization of the Geometric distribution is the case of the Negative Binomial random variable, for 
which this same group G2 also presented another example in which a male student and a female 
student participated (Fig. 5).    

 
Figure 5. Experiment of the Negative Binomial random variable of the group G2.. 
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3.2 Assessment of the student 
Let us remember that the evaluation of the students in this activity has been carried out according to 
three criteria: on the one hand, the teacher has scored the report and the oral presentation; on the 
other hand, through a questionnaire, the rest of their classmates have scored the defence of their 
work. Table 1 presents the assessment of the oral presentation of peers to a group of students who 
were assigned the Gamma random variable (group G3). 

Table 1. Descriptive statistics of the evaluation of the oral presentation 
 the G3 group (Gamma random variable). 

 

P4.- The visual 
material 

(Scale: 0 - 10) 

P5.- The content 
presented 

(Scale: 0 - 10) 

P6.- The clarity of 
the message 
(Scale: 0 - 10) 

Average rating of 
peers 

N 31 31 31 31 
Mean 7.903 7.839 7.742 7.828 
Median 8.000 8.000 8.000 7.667 
Std. deviation 1.491 1.369 1.505 1.253 
Skewness -0.662 0.394 0.095 0.304 
Kurtosis 0.261 -1.021 -0.815 -0.598 
Minimum 4.000 6.000 5.000 5.667 
Maximum 10.000 10.000 10.000 10.000 

The professor rated the report an 8 and the oral presentation a 9. The final grade of this group, which 
has been calculated as the average of the professor's rating (8.500) and the average rating of the rest 
of the classmates (7.828) is 8.164.  

On the other hand, on the basis of these assessments, two rankings have been drawn up, one based 
on the score obtained in the report and the other on the score obtained in the questionnaire for the 
oral presentation made. The first three positions of each ranking have obtained an extra point in 
continuous evaluation of the subject. 

3.3 Utility of the activity 
An important question that we have also asked students is the usefulness of oral presentations for the 
learning of random variables. Taking the G3 group as an example, the oral presentation of this group 
has helped most of their peers to consolidate the concepts they had about the Gamma distribution 
(90.3%) (Table 2).  

Table 2. Distribution of the question: Did the oral presentation of this group (G3) help you 
 to consolidate the knowledge you had about this random variable (Gamma)? 

 Frequency Percent 
YES 28 90.3 
NO 2 6.5 
DK/NA 1 3.2 
Total 31 100.0 

Finally, to the question Do you think that the explanation of this random variable (Gamma) by the 
professor is sufficient for its comprehension?, 51.9% of the classmates answer affirmatively, 29.6% 
indicate that they do not know or do not answer, and 18.5% think that it is not enough (Table 3). 
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Table 3. Distribution of the question: Do you think that the explanation of this random variable (Gamma) 
 by the professor is sufficient for its comprehension? 

  Frequency Percent Valid Percent 

Valid YES 14 45.2 51.9 

NO 5 16,1 18,5 
DK/NA 8 25,8 29,6 
Total 27 87.1 100.0 

Missing 4 12.9  
Total 31 100.0  

4 CONCLUSIONS 
The overall assessment of the educational innovation activity by the students has been positive. The 
proposal to actively participate in the development of the content of the subject has motivated them to 
follow the continuous evaluation, although the student who suspends a part of the continuous 
evaluation, we have not been able to encourage them to remain in the continuous evaluation.  

A subject that a priori the students considered difficult, has led to the degree of interest has been 
progressively growing in one of the groups. 

Future lines of research will focus, first, on making improvements in the evaluation part of the project 
where we have detected that when evaluating their peers no student scores with a low mark (as can 
be seen in Table 1); and second, on introducing a theoretical and/or practical exercise that evaluates 
the attention of students to the presentations of their peers. 
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