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Abstract: Machine learning within R using inferential statistics in academic fields today is already 

a reality, that research is directed towards the world of artificial intelligence as an aid within 

engineering based on tools such as machine learning, in this case with supervised  learningand 

unsupervised learning. It is important because it can be applied  in engineering, such as in 

statistics and the world of artificial intelligence to automate  statistical processesof various 

samples in this area.  

Objective. Perform adescriptive statistic using quantitative data  in R through structured 

programming compared with  supervised and unsupervised learning algorithms for decision making 

in engineering.  

Methodology. This research is descriptive, uses the Methodology of  Construction of an Algorithm 

for the systemic Learning of students of the first semester of the subject of ICTs (Mejía E. et al, 

2018) adapted  to the use of artificial intelligence algorithms, which provides effective methods 

that allow to implement adescriptive statistic,  to  perform programs using functions and 

procedures within R. Tests were carried out  with third-semester students of  the ESPOCH 

Statistics career to determine with structured programming (before) and artificial intelligence 

algorithms (after). 

Results. Students using structured programming to obtain these statistics only 36.84% reach n to 

complete the work, while students using artificial intelligence algorithms reach 84.21%, to 

conclude the work.  

Conclusion. It is concluded that under the parameters of use of artificial intelligence algorithms 

to obtain a descriptive statistic for engineering, makes decisions with percentages that favor these 
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techniques provided by the researchersis, this result  He tells us that the second option is the 

best, obtaining  in statistical terms very favorableconditions to insert this technique and 

methodology in engineering environments. Students with these algorithms that use supervised and 

unsupervised learning will have an extra plus when performing this type of statistics in the 

professional environment. 

Keywords: Programming, Program, Programming methodology, Statistics, Artificial intelligence, 

supervised learning  ,unsupervised learning. 
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Introduction 

The advances of artificial intelligence, the interest and application of machine learning has 

experienced such an expansion, that it has become an applied discipline in practically all areas of 

academic and industrial research (D.H. Kim and T. MacKinnon, 2018) . The growing number of 

people dedicated to this discipline has resulted in a whole repertoire of tools with which, profiles 

with medium specialization, manage to access powerful predictive methods (A. Núñez Reiz et 

all., 2019). The R programming language is an example of this. (Orellana, 2019) 

The term machine learning encompasses the set of algorithms that allow identifying patterns 

present in the data and creating with them structures (models) that represent them (Kai-Qi Li et 

al., 2022). Once models have been generated, they can be used to predict information about 

facts or events that have not yet been observed. It is important to remember that machine 

learning systems are only able to memorize patterns that are present in the data with which they 

are trained, therefore, they can only recognize what they have seen before(Manisha Koranga et 

all., 2022). By using systems trained with past data to predict futures, it is assumed that, in the 

future, the behavior will be the same, which is not always the case. 

(Very, 2020) 

Although terms such as machine learning, data mining, artificial intelligence, data science are 

often used synonymously, it is important to note that machine learning methods (Xin Li et al., 

2022) are only part of the many strategies that need to be combined to extract information, 

understand and give value to data. The following document aims to be an example of the type of 

problem that an analyst usually faces: starting from a more or less processed data set (data 

preparation is a critical stage that precedes machine learning), you want to create a model that 

allows you to successfully predict the behavior or value that new observations take. (Amat, 2020) 

 

Unlike other documents, this one is intended to be a practical example with less theoretical 

development. The reader will realize how easy it is to apply a wide range of predictive methods 

with R and its libraries. However, it is crucial that any analyst understands the theoretical 
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foundations on which each of them is based for such a project to succeed. Although they are only 

briefly described here, they will be accompanied by links where you can find detailed 

information.  (Hernandez, 2021) 

 

To understand the origin of the programming language in R, it is important to know some relevant 

historical points in its evolution. It was created in 1993 by professors and researchers Robert 

Gentleman and Ross Ihaka (Hernández and Usuga, 2021).  

 

However, its beginnings date back to the previous language called S, by John Chambers and his 

collaborators at Bell Laboratories, during the seventies. It should be noted that since 1995, the 

source code of R is available under GNU public license for Windows, MacOS and Linux 

distributions. This license is maintained with free access by the R Foundation, and can be 

executed, copied, distributed, studied, modified and improved without any restriction (Vargas y 

Mesa, 2021). 

The R Foundation is a non-profit organization, conceived by the members of the R Development 

Core Team, whose objective is to provide support to R and the innovations in computational 

statistics that it requires, ensuring continuous development (R Core Team, 2020). This manual 

uses R to talk about the programming language, but not the application or statistical package R. 

This clarification has as exception the download and installation of the program with the same 

name. 

 

RStudio is the main integrated development environment or IDE (Integrated Development 

Environment)  forR, which is free software available for Windows, MacOS, and Linux operating 

systems (Equipo RStudio, 2020).  

 

In particular, R.es an interpreted language, which can run on Linux, Mac and Windows because 

interpreters are available on these operating systems. In any case, being an interpreted language 

will always be slower than a compiled language. If you are looking for computing speed in 

complex problems, R is not the right program. However, if you are looking for a compromise 

between ease of handling and reasonable execution speed in the analysis of datasets, R may be 

the perfect tool.  (Santana and Hernandez, 2016) 

 

In this sense, you should point out that although many R functions are programmed in the R code 

itself, but many others are programmed in C or Fortran, so their execution is very fast. In many 

cases (possibly most), the R user does not need to know the complexities of the program (in C or 

Fortran) that is behind some function, and it is enough simply that this function integrates 

comfortably with the rest of his data process. (Santana and Hernandez, 2016) 

 

The objective of this research work is to perform a descriptive statistic using quantitative data in R 

through structured programming compared with supervised and unsupervised learning algorithms 

for decision making in engineering. The research performs these three exercises with the same 

number of students within the semester and the resolution of each exercise is verified. 

1. Methodology 

Itwill use the Methodology for Building an Algorithm for Systemic Learning of first-semester 

students of the ICT subject (Mejía et al., 2018) that observes en la figura 1 with small changes in 

the use of structured programming and machine learning: 

  



RUSSIAN LAW JOURNAL        Volume XI (2023) Issue 3s  

 

386 

Figura 1 

Itodolog ía for structured programming and machine learning 

 

 

 

1.1 Proyecto propuesto 

S epretendedar solution with a data analysis using descriptive statistics through quantitative data 

in R with structured programming compared to supervised and unsupervised learning algorithms for 

decision making in engineering. The research performs these three exercises with the same 

number of students within the semester and the resolution of each exercise is verified. A program 

within R for the analysis of quality results thatallow us to makedecisions. 

 

1.2 Program 

A program is a set of logical steps written in a programming language that allows us to perform a 

specific task. (CILSA, 2017). 

 

1.3 R Language 

This environment is commonly used for statistical and graphical computing, as it has a wide variety 

of statistical techniques (linear and nonlinear models, classical statistical tests, time series 

analysis, classification, clustering, etc.) and graphs. It works on UNIX platforms and similar systems 

(including FreeBSD and Linux), Windows, and MacOS. 

Its current development is the responsibility of the R Development Core Team. It is part of a 

collaborative and open project where users can publish packages that extend their basic 

configuration (official package repository). In addition, it can be downloaded for free through the 

following link: https://www.r-project.org/. 

 

1.4 Machine Learning 

Machine learning is a discipline in the field of artificial intelligence. This discipline consists of 

making a computer learn to perform certain processes automatically, with as little human 

intervention as possible. 

(Sierra, 2022) 

 

1.5 Microsoft Exel 365 

Excel is a very powerful tool for obtaining meaningful insights from large amounts of data. It also 

works great with simple calculations and to keep track of almost any type of information. The key 

to unlocking all this potential is the grid of cells. Cells can contain numbers, text, or formulas. 

Data is written to cells and grouped into rows and columns. This allows you to summarize, sort and 
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filter it, put it in tables and create very visual graphs.  (Microsoft, 2022) 

We will use Excelthat is within office 365 which we have licensed within the Polytechnic School of 

Chimborazo. 

Both to use structured programming and for machine learning we will use a Database (Excel) with 

all the data required to present the desired results.  

 

1.6 Database in Excel 

Figure2 shows the database  touse to resolve this issue.  

 

Figura 2 

Database in Excel 

 

Source: Authors 

 

1.7 Population 

The population that will be used to carry out the three exercises with both structured 

programming and supervised and unsupervised learning is 19 students, the  same as those who are 

from the subject  of statistical programming of  the third semester of the Statistics career of 

ESPOCH, Faculty of Sciences. 

 

2. Results 

Scheme to be solved as a prototype with structured programming – This  program that is  going 

to be carried out is composed of  lines of code in R where the s lines of code are groupedin a main 

program that calls  the  functions within it,  information is  obtained  as exonerated students, 

minimum and maximum of the three partial by  Supposed statistical graphics for decision making, 

in this program and from the point of view of programmer that in this case comes to do the teacher 

and the 1 9 students, as a whole has several lines of code,  which call from the main program to the 

different functions that allow to create different data stores or dataframes and also matrices for 

the correct use of the presentation of results as shown in Figure 3. In figure 3 we have in line 69 

the call to our database in excel, from where it starts with the creation of our data1 dataframe, an 

m1 matrix is created using the crear_matriz function and from our data1 the m2 matrix is created 

with data chosen for our statistics. Then you have the exoneration function where you get how 

many students are exonerated and how many students are not exonerated. You also have the graph 

of exonerated, you get the minimum and maximum grades. The exón_sexo function is called to 

visualize how many men and how many women have been exonerated and its graph. Finally, all the 

information contained in our database is displayed in data1$df1 as well as the notes of the partials 
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and the sum in m1$A. 

Fimouth 3 

Core program using structured programming 

 
Source: Authors 

Figure 4 shows line 81 of Figure 3, showing the data1$df1, which are the data from the database 

under study. 

Fimouth 4 

Data frame with all database data 

 

Source: Authors 

Now in figure 5 the information of notes of the three partials is shown together with the sum of 

them in the table m1$A: 
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Fimouth 5 

Table with partials and the sum of them 

 

Source: Authors 

Also in figure 6 we present some functions that are used for this process, where single and double 

conditional control structures, cyclic control structures such as for loops, arrays, dataframes and 

packages such as ggplot2 for graphs are used. 

Fimouth 6 

Functions used for this process 

 

Source: Authors 

Table 1 indicates the number of exempt and non-exonerated students who are in the subject of 

statistical programming, and then in figure 7 present a frequency diagram  graphwith these data. 
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Table 1 

Number of students exonerated and not exempted from PAO3 

 
Source: Authors 

 

Fimouth 7 

Students exonerated and not exonerated from PAO3 

 
Source: Authors 

Table 2 shows the number of students by sex exonerated and Figure 8 shows: 

 

Table 2 

Number of students exonerated and not exempted from PAO3 

 
Source: Authors 

 

Fimouth 8 

Students exonerated and not exonerated by sex of PAO3 

 

 

Source: Authors 
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As you can see we have 2 types of graphs one by number of students in exonerated and non-

exonerated, and the other graph by number of students belonging to a male or female sex with the 

same category of exoneration.  Which allow to select data through the s functions that generate 

tables and data frame within RStudio using the programming language R and under structured 

programming for   the decision makingofteachers. 

Machine learning –  supervised learning with R  – It is ta presentation of results using algorithms 

with supervised learning  that is going to be carried out is composed  of some functions to perform 

a study  by segmentation of data which groups the information and chains them according to the 

algorithm that internally handles PowerBI, in this report made  and from the point of view of user 

that in  this case comes to do the teacher, as a whole has  several objects  and that is shown  in 

several presentations within the same sheet, which show in the  same s based on the segmentation 

before said, somes Presentations have been expressed in an ideal way to show the necessary 

information, which leads us to decision-making within this scope of partial grades within the 

current semester. In addition, several R-based presentation objects are used to display results using 

programming. The methodology of building the dashboard is under R scripts, there is structured 

programming based on packages and libraries of this language. 

Data import – First when entering RStudio, we import data from our databasein  Excel, as shown in 

figure 9, a function is performed for this purpose. 

Fimouth 9 

Datamonitoring from Excel 

 

Source: Authors 

 

With this, the Excel database is passed to RStudio within a data frame to be able to carry out the 

study. 

A first check to  take into account after inserting the  data within RStudio, is to verify that each 

variable  has already been stored with the corresponding value and type, that is: 

numerical variables with numbers, character, Boolean and qualitative factor. In R, preferably a  

qualitative variable, should be stored asa factor type. 

When using the following code: glimpse(data1),it displays a table with the following information: 

Fimouth 10 

Type of Variables 

 
Source: Authors 
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Figure 10 shows the type of each variable, as well as  the values that each one has within the 

database. 

The exploratory analysis of variables is characterized by performing summation calculations, 

restructuringthe data and graphingthem. The different packages such as ggplot2, tidyr, dplyr and 

others, which come within tydiverse give us a lot of ease having toprogram few lines. The structure 

is followed: observation, variable, value to perform the calculations more quickly. A data frame is 

created with these fields since it is not very large data setwithout having  memorystorage 

problems. 

Fimouth 11 

Structure observation, variable and value 

 

Source: Authors 

When creating a model, the study must be characterized with a distribution of the response 

variable, since itis the most important thing in data prediction.  

 

Fimouth 12 

Structure observation, variable and value 

 

Source: Authors 

Figure 12 shows the code to obtain a graph with the number of people of different sex, as we have 

in table 3 their frequencies: 

Table 3 

Number of students by sex in PAO3 

 

Source: Authors 

And in figure 13 you can see the graph with these data, from table 3 and figure 12. 
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Fimouth 13 

Students by type of sex 

 

Source: Authors 

Now we are going to make apredictionof which students are exonerated and which students are not 

exonerated,  the data  analysis is done with respect to the response variable Sex. Performing this 

analysis, situations are extracted on the variables that are well related with respect to students 

regarding sex and their grades. Figure 14 shows how to do this using R code. 

Fimouth 14 

R code for continuous variable distribution 

 

 

Source: Authors 

Figure 15 shows exactly how this type of distribution of continuous variables affects the type of sex 

of each student and its corresponding grade. 
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Fimouth 15 

Distribution of continuous variables 

 

Source: Authors 

As can be seen in Figure 15, very few students overcome the barrier of grade point average. So 

there you have to make some decisions by the teacher. 

Now we are going to obtain the statistics of the Note1, Note2 and Note3 regarding the type of sex, 

for them the R code and the response table that visualizes us are indicated in figure 16. 

 

Fimouth 16 

Statistics of Note1, Note2 and Note3 with respect to 

to the type of sex of each student 
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Source: Authors 

As can be seen in figure 16, the statistics are as mean, median, minimum and maximum of the 

grades of the students of all the partials. 

Fimouth 17 

Correlation of continuous variables with respect to their partials 

 

Source: Authors 

Figure 17 shows thelinear correlation between thegrades of the  midterms and the type of sex of 

each student, althoughvery significant (p-value = 0.0 26), is minimal (cor = 0.508) as shown in 

Figure 18. The type of diagram seen in the scatter  figure does not point to some kind of  obvious 

nonlinear relationship. It can be concluded that these variables in any case do not contain 

information that results. 

Fimouth 18 

Correlation between continuous variables 

 

Source: Authors 
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Random Forest – When making the prediction with a Random Forest model, it must be taken into 

account that it is done to obtain  theaverage of  all the predictions that are in  all the trees it 

contains, as shown in figure 19. 

Fimouth 19 

Random Forest for partials 

 

Source: Authors 

Figure 19 tells us that as we had in reality if students decrease the grades in the first and second 

partial they will no longer be able to exonerate themselves, while if the grades increase in the 

first, second and over in the third partial they will automatically be able to exonerate themselves. 

The factors that most influence within the aspect of the exploration of the data, together with the  

study of the  distribution, and  the  relationship that is had with the response variable indicate  the 

different factors that influenced  the exoneration or not of  the students of the subject of 

statistical programming of the ESPOCH, Faculty of Sciences, career of Statistics, we have: obtaining 

low grades in two of the three partials. So,  the way you have for the student to be exonerated is 

to follow up on a personal basis after the first partial so that in some way academic performance 

can increase. In test environments  taken with the students of this subject has given us good results 

for the next semester followed with a decision making within the environment of first partial 

grades . 

 

Project infrastructure – For this project we use figure 20 which shows how our project has been 

carried out. The main idea is that based on this figure the interaction of the different modules is 

carried out using structured programming and also using machine learning through random forest.  
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Figure 20 

Interconnected systems of the project 

 
Source: Authors 

 

Supervised learning - Supervised learning is a technique that uses algorithms that work with 

training sets made up of classes or labels, in this technique algorithms learn based on the history 

and make output predictions depending on the class (Zhang, 2020). Figure 21 shows several of the 

algorithmic methods that work under supervised learning according to (Jiang et al. 2020). 

 

Figure 21 

Supervised learning methods 

 
Source: (Jiang et al., 2020) 
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3. Line of code analysis 

Table 4 

Comparing Lines of Code in 

Structured Programming vs. Machine Learning 

Remarks Structured 

programming in R 

Machine learning en 

R 

Lines of code for passing data from the 

database to a dataframe 

7 7 

Lines of code for displaying data in a table or 

array 

16 10 

Lines of code for displaying statistical data 36 19 

Lines of code for graphing 46 27 

Presentation of statistical results 101 67 

Source: Authors 

 

As can be seen in Table 4 to be able to perform the same situations, more lines of code are used in 

structured programming than with machine learning, this because R has packages and functions that 

help reduce these lines. Under this parameter, students adapted better to machine learning than 

with structured programming to obtain the same results. 

 

Figure 22 

Comparison between Structured Programming and Machine Learning 

 
Source: Authors 

 

Results of the elaboration of the work – Table 5 presents the results with the population studied 

that are the students of the third semester of the subject of statistical programming: 

 

Table 5 

Results of the preparation of the work 

by third semester students 

Observation Population Quantityof 

studies 

Concludes Quantityof 

studies 

Does not 

conclude 

Structured Programming 19 7 36,84% 12 63,16% 

Machine Learning 19 16 84,21% 3 15,79% 

Source: Author 
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Table 5shows  the percentages where students conclude their work using structured programming 

with 36.84% and using machine learning conclude with 84.21%. It is also reflected that 63.16% do  

not conclude using structured programming and 15.79 do not conclude using machine learning.  

 

Figure 23showsthe  percentages of how they conclude or not the work  of presandntation of 

statistics to know if a student is exonerated or not. 

 

Figure 23 

Students conclude their work 

 
Source: Author 

 

4. Discussion 

The presentation of statistics to know if a student can be exonerated or not using structured 

programming and machine learning was carried out under the methodology As shown in figure 24: 

Figure 24 

Structured programming (left), machine learning (right) 

 
Source: Author 
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can see lines of code with machine learning. As can be seen, there is a similar simile with respect 

to the form of presentar statistics. But the part of own packages that R has with respect to 

machine learning minimizes the source code. 

 

A small problem arises when you do not know how to size the variables well, since the use of 

machine learning appropriates a standard measure within R using its own packages and presenting 

the proper functions that each one brings. It is necessary to foresee that each dataframe createsor 

in R fulfills its desired terms; that is why the situation of making  uniquedataframes that are our 

data stores within Structured Programming and machine learning was taken. 

As future work it is proposed to carry out deeper studies with random forest and neural networks 

in the case of supervised learning and in  thecase of unsupervised learning clustering by k-means 

and method of the sum of squares.  

 

5. Conclusion 

 

• In this article, an analysis of the presentation of statistics has been carried out using 

structured programming and machine learning with supervised learning in the case of random 

forest. The lines of code are programmed to present the desired results within R which is an 

optimal language for this type of process and helps us solve through open source scripts the 

problem of exoneration of student grades of the subject of statistical programming of ESPOCH. 

• The use of random forest is of great help for this type of learning within machine learning, 

since it helps us in making decisions with a multi-dimensional graph and with desired results. 

• There were multiple problems when developing the data frames with structured 

programming to move from our database to a data warehouse within RStudio, but along the way 

they were solved. 

• Students when using structured programming  only 36.84% conclude  , while students when 

using machine learning with supervised learning and the random forest method reach 84.21% of 

them,  we also have that students using structured programming do not conclude with 63.16%   

And with machine learning it does not conclude with 15.79%. 

• Random forest shows us that students if they want to be exonerated they must raise the 

level and their grade from the first partial, but if in two partials they do not rise from the average 

they could even stay up to semester. 

• Regarding lines of code as shown in Table 4, it greatly exceeds  the use of functions, 

procedures, conditional and cyclic control structures within structured  programming to the use of 

functions with Machine learning   within R. Even minimizing codein  an exaggerated way with 

structured programming, machine learning greatly surpasses  with few lines of code to present the 

same results. 

• The importance of having software like R and that allows us to program in different ways 

makes it a high-level language for this field of statistics and presentation of results for decision 

making. 
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