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Abstract: This article analyzes the poten-
tial of the R Project as a tool for teaching 
numerical methods in engineering degrees. 
Traditionally, this content is taught using 
proprietary software, which limits student 
access outside the classroom and reduces the 
possibilities for reproducibility and integra-
tion with data analysis. R, being a free and 
open-source environment, allows the im-
plementation of classic numerical method 
algorithms (such as interpolation, nume-
rical integration, solving differential equa-
tions, and linear equation systems) while 
also facilitating graphical visualization and 
experimentation with different parameters. 
Based on a review of specialized literature 
and various teaching experiences, a didac-
tic design is proposed that integrates the 
use of R for the development of activities 
focused on problem solving, reproducible 
documentation, and written reflection on 
the results obtained. The theoretical findin-
gs suggest that the use of R in this context 
contributes not only to the conceptual un-
derstanding of numerical methods, but also 
to the strengthening of cross-cutting skills 
such as programming, critical data analysis, 
and scientific communication. It is conclu-
ded that the R Project represents an acces-
sible and pedagogically sound alternative 
for modernizing the teaching of numerical 
methods, and future lines of empirical rese-
arch are proposed to evaluate its impact on 
student performance and attitudes toward 
applied mathematics and computing.

Keywords: R Project, numerical methods, 
learning, higher education.

INTRODUCTION 

Numerical methods courses occupy a 
central place in the training of engineers, 

as they provide tools for solving modeling 
problems that do not admit a closed analy-
tical solution and that appear recurrently in 
professional practice (e.g., nonlinear equa-
tions, numerical integration and deriva-
tion, systems of differential equations, and 
optimization) (Chapra & Canale, 2015). 
However, several authors point out that 
these courses are often perceived as highly 
abstract, with a predominance of activities 
focused on manual calculation and limited 
integration of experimental or simulation 
experiences that allow algorithms to be 
connected to real-world problems (Triana 
& Ferro, 2021). This gap between the the-
oretical approach and the use of compu-
tational tools can translate into difficulties 
in developing modeling skills, algorithmic 
thinking, and critical analysis of numerical 
results.

In this context, the use of specialized 
software has established itself as a key re-
source for teaching numerical methods. 
Traditionally, proprietary platforms such 
as MATLAB have dominated this space, 
but their licensing costs can limit sustai-
ned adoption in institutions with budget 
constraints (Chapra, 2018). In response to 
this, the R language is presented as a free 
and open-source alternative, developed as 
a GNU project and available for multiple 
operating systems, which integrates pro-
gramming, numerical analysis, statistics, 
and graphical visualization in a single en-
vironment (R Core Team, 2025). From the 
perspective of university teaching, these 
characteristics favor both the reproducibi-
lity of numerical experiments and the cre-
ation of teaching materials that students 
can install and reuse without licensing 
restrictions.
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The specialized literature shows that R 
has been successfully used for the develop-
ment of teaching activities in mathematics 
and statistics. Cheang (2004), for example, 
explores the use of R as a free substitute 
for computer algebra systems in numeri-
cal analysis courses, highlighting its power 
to implement classical algorithms such as 
the bisection method and to visualize itera-
tions and approximation errors in a flexible 
manner. In secondary education, Briz-Re-
dón and Serrano-Aroca (2018) show that 
working with algebraic content through 
programming in R promotes logical reaso-
ning, experimentation with different para-
meters, and understanding of mathematical 
concepts that are difficult to address with 
pen and paper alone. More recently, Parra, 
Sanjuán, Robustillo, and Pizarro (2023) 
document experiences in which R has esta-
blished itself as a tool that links teaching and 
research, allowing for the design of activities 
ranging from simulation to the analysis of 
real data in different university subjects.

Despite these advances, there is still 
relatively little literature that systematically 
describes the design, implementation, and 
evaluation of teaching experiences where R 
is specifically used as the main platform for 
teaching numerical methods in engineering 
degrees. Bloomfield (2014) shows the po-
tential of R to solve a wide range of nume-
rical problems—linear systems, differential 
equations, optimization, spectral analysis 
in scientific and engineering contexts—but 
his approach is fundamentally technical and 
does not focus on the pedagogical analysis 
of its integration into the classroom. Com-
plementarily, Triana and Ferro (2021) illus-
trate how working with image processing 
and finite difference problems can be used 
as a problem-based learning strategy in nu-

merical analysis courses, although without 
delving into the use of R as the main pro-
gramming environment.

Within this framework, this article 
aims to analyze the use of the R Project as a 
central resource for teaching numerical me-
thods in university education. In particular, 
it seeks to describe the design of activities 
that integrate the implementation of classi-
cal numerical method algorithms in R, the 
visualization of results, and the resolution 
of contextualized engineering problems, as 
well as to assess their impact on the deve-
lopment of modeling skills, computational 
thinking, and conceptual understanding. 
This analysis aims to contribute to the dis-
cussion on the incorporation of free software 
in the teaching of numerical methods, offe-
ring evidence and guidance for teachers who 
wish to move from traditional approaches to 
more active, experimental, and reproducible 
proposals supported by R.

Advantages of using the 
R Project in teaching 
numerical methods

The use of R Project in teaching nu-
merical methods offers a number of peda-
gogical, technical, and economic advan-
tages that make it an attractive alternative 
to other proprietary environments. First, 
R is free and open-source software, whi-
ch allows any student to install it on their 
own computer without licensing costs. This 
encourages continued learning outside the 
classroom, independent repetition of exerci-
ses, and exploration of additional problems 
without relying on institutional laboratories 
or temporary licenses.

Second, R integrates programming, 
numerical analysis, statistics, and graphical 
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visualization into a single environment. This 
integration is especially valuable in numeri-
cal methods courses, as it allows students to 
move from the mathematical formulation 
of a problem to its computational imple-
mentation and the interpretation of results 
in the form of tables or graphs, all within 
the same platform. Students can observe, 
for example, how truncation error evolves 
when varying the step size in a numerical in-
tegration method or how different iterations 
of a method for solving nonlinear equations 
converge.

Another important advantage is re-
producibility. Through tools such as scripts 
in R, it is possible to transparently record 
the steps taken in solving a numerical pro-
blem: definition of functions, parameters 
used, number of iterations, convergence 
criteria, and visualizations generated. This 
traceability makes it easier for teachers and 
students themselves to review their work, 
identify programming or approach errors, 
and gradually improve the quality of their 
procedures.

In addition, the use of the R Project 
encourages the development of cross-cutting 
skills that are relevant to engineering educa-
tion. Constant work with code improves al-
gorithmic thinking and the ability to break 
down complex problems into simpler steps. 
Critical analysis of numerical results and 
their communication through reproducible 
reports strengthen argumentation, scientific 
writing, and evidence- stallation skills. In 
this way, the numerical methods course ce-
ases to be solely a space for applying formu-
las and becomes a laboratory for modeling, 
analysis, and technical communication.

Finally, R has a large community of 
users and developers who contribute specia-
lized packages for different fields of appli-

cation. This allows the content of the nu-
merical methods course to be connected to 
real problems in engineering, natural scien-
ces, economics, or social sciences. For stu-
dents, seeing that the same commands and 
functions they use in class are also used in 
current research and professional contexts is 
motivating and reinforces the perception of 
the usefulness of the content covered.

Examples of the application 
of R Project in the teaching 
of numerical methods

Below are some examples of how R 
Project can be used in teaching numerical 
methods in university-level courses, espe-
cially in engineering programs:

•	 Implementation of classical algori-
thms: Students can use R Project 
to program and implement classi-
cal numerical method algorithms, 
such as the bisection method, the 
Newton-Raphson method, fixed-
-point methods, or the Jacobi and 
Gauss-Seidel methods for systems 
of linear equations. Using these 
codes, students can experiment 
with different initial conditions, 
tolerances, and maximum num-
bers of iterations to analyze the 
convergence or divergence of the 
procedures. These types of activi-
ties allow them to relate the theory 
seen in class to the actual behavior 
of the algorithms when applied.

•	 Simulation and analysis of nume-
rical error: R Project can also be 
used to design simulations that 
help understand the nature of nu-
merical error and its propagation. 
For example, the teacher can ask 
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students to compare known analy-
tical solutions with those obtained 
using different numerical integra-
tion methods (trapezoidal rule, 
Simpson’s rule, multiple-step inte-
grators, etc.) for different step sizes. 
By graphing the error as a function 
of step size, students observe how 
the order of the method, stability, 
and accuracy are related, contribu-
ting to a deeper understanding of 
the concepts of truncation error 
and rounding error.

•	 Modeling projects and real-world 
problem solving: Another applica-
tion involves developing integrati-
ve projects in which students mo-
del real-world problems and solve 
them using numerical methods 
implemented in R. For example, 
problems involving heat transfer, 
population growth, fluid dyna-
mics, or mechanical vibrations 
that give rise to ordinary differen-
tial equations can be posed. Stu-
dents formulate the model, select 
the most appropriate numerical 
method (Euler methods, Runge-
-Kutta methods, implicit sche-
mes, etc.), implement the algori-
thm in R, and analyze the results 
using graphs and tables. Finally, 
they present their conclusions in 
structured reports, which reinfor-
ces both their understanding of 
the methods and their scientific 
communication skills.

Case studies:

a) Significant Figures Applied in 
R-Project

In R, when working with numerical 
calculations, significant digits affect how 
results are printed and stored. R displays 
numbers with a certain number of signifi-
cant digits by default, but this can be con-
trolled using functions such as signif().

Code in R

number <- 123.456789123

significant_number <- signif(number, 
4)

cat(“Number with 4 significant digits: 
“, significant_number, “\n”)

significant_number_2 <- signif(num-
ber, 2)

cat(“Number with 2 significant digits: 
“, significant_number_2, “\n”)

In numerical methods, such as appro-
ximations, integration, or equation solu-
tions, controlling significant digits is essen-
tial for several reasons:

•	 Accuracy. It prevents cumulative 
errors in calculations. If you use 
more or fewer digits than neces-
sary, you could lose information 
or introduce large errors.

•	 Proper rounding. It minimizes 
rounding errors when representing 
long numbers or results of succes-
sive operations.

•	 Correct interpretation. It allows 
you to communicate results in a 
way that reflects the actual accura-
cy of your data and does not exag-
gerate its precision.

•	 Efficiency. It helps optimize com-
puting resources by not storing or 
processing more digits than are ac-
tually necessary.
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b) Precision Applied in R-Project

This refers to the closeness of repeated 
measurements of the same object or quantity 
under the same conditions. High precision 
means that the measurements are consistent 
and have little dispersion. It does not imply 
that they are close to the true value. More 
briefly and concisely, precision refers to the 
dispersion of the set of values obtained from 
repeated measurements of a magnitude. The 
smaller the dispersion, the greater the pre-
cision. A common measure of variability is 
the standard deviation of the measurements, 
and precision can be estimated as a function 
of it.

Code in R

f <- function(x) x^2 - 2 

df <- function(x) 2*x      

newton_raphson <- function(x0, tol = 
1e-6, max_iter = 100) {

  iter <- 0

  x <- x0

  while (abs(f(x)) > tol && iter < max_
iter) {

    x <- x - f(x) / df(x)

print(x)

    iter <- iter + 1

  }

  return(x)

}

results <- c(newton_raph-
son(1.5), newton_raphson(1.6), 
newton_raphson(2))

cat(“Results of the Newton-Raphson 
method iterations: “, results, “\n”)

precision <- sd(results)

cat(“Precision of iterations (standard 
deviation): “, precision, “\n”)

The code implements the Newton-Ra-
phson method in R to find the root of the 
function.

DEVELOPMENT 

The proposed methodology for incor-
porating the R Project into the teaching of 
numerical methods is organized into a series 
of steps that allow for the systematic plan-
ning, execution, and evaluation of the tea-
ching intervention. The main stages of the 
process are described below:

1.	 Design of the teaching interven-
tion: In the first stage, the teacher 
defines the specific learning ob-
jectives related to numerical me-
thods and the use of R Project. 
The course topics to be addressed 
through R-supported activities are 
selected, such as solving nonlinear 
equations, numerical integration, 
or solving differential equations. 
Likewise, the evaluation criteria 
and expected outcomes (assign-
ments, laboratory exercises, pro-
jects, reproducible reports, etc.) 
are established.

2.	 Selection of participants and con-
text: Next, the group of students 
with whom the intervention will 
be implemented is defined (for 
example, a fourth-semester engi-
neering course on numerical me-
thods). The characteristics of the 
institutional context, the students’ 
previous experience in program-
ming, and their access to computer 
equipment are documented. This 
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Code execution in R

Figure 1. Execution of significant figures code in R.
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Execution of the code in R

Figure 2. Execution of the Precision code in R.
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information is key to adjusting the 
complexity of the activities and 
anticipating possible technical or 
conceptual difficulties.

3.	 Design of materials and instru-
ments: In this step, the necessary 
teaching materials are developed: 
practice guides with step-by-step 
instructions, annotated R scripts, 
R templates, and evaluation ru-
brics. At the same time, data col-
lection instruments are designed 
to evaluate the effectiveness of the 
intervention, such as perception 
questionnaires, diagnostic and fi-
nal tests on numerical methods, 
and observation grids for class-
room work.

4.	 Implementation of activities with 
R Project: Once the materials are 
prepared, the class and lab sessions 
are carried out. The teacher in-
troduces the R environment and 
guides the students in carrying out 
the exercises, encouraging them to 
modify the parameters of the al-
gorithms, interpret the numerical 
results, and discuss the differences 
between analytical and approxima-
te solutions. Collaborative work is 
encouraged so that students share 
programming strategies and verify 
results.

5.	 Data collection and analysis: Du-
ring and after implementation, 
data derived from the designed ins-
truments are collected: test results, 
learning products (scripts, reports, 
projects), questionnaire responses, 
and teacher observations. Next, a 
quantitative and qualitative analy-
sis of this information is performed 

to identify progress in understan-
ding numerical methods , changes 
in attitudes toward programming 
and the use of free software, as well 
as recurring difficulties in using R.

6.	 Feedback and continuous impro-
vement: Finally, based on the re-
sults of the analysis, conclusions 
are drawn about the effectiveness 
of the intervention and proposals 
for improvement are formulated 
for future editions of the cour-
se. This may include adjustments 
to the sequence of content, the 
complexity of the exercises, the su-
pport provided to students, or the 
integration of new R Project pa-
ckages and resources. In this way, 
the methodology is conceived as a 
cycle of continuous improvement 
that seeks to optimize the teaching 
of numerical methods through the 
use of R.

DISCUSSION AND 
ANALYSIS OF RESULTS

At the Villahermosa campus of the 
National Technological Institute of Mexico, 
the Numerical Methods course in the Com-
puter Systems Engineering program is fun-
damental for the development of technical 
skills that enable students to tackle complex 
problems in modeling and numerical simu-
lation. Through this course, students are ex-
pected to acquire skills in the use of nume-
rical algorithms applied to different areas of 
engineering and science. The main objective 
is for students not only to understand the 
theoretical methods, but also to be able to 
implement, analyze, and apply them to re-
al-world scenarios using specialized software 
such as R Project.
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In implementing this course, R Project 
was integrated as the main tool for numeri-
cal analysis due to its accessibility, code inte-
gration capabilities, and open approach that 
encourages reproducibility. Throughout the 
semester, students completed exercises and 
projects involving the programming of nu-
merical methods and the interpretation of 
results using this software. The activities 
were designed to offer students a practical 
approach, in which, through simulations, 
applications, and real projects, theory and 
practice could be integrated in a coherent 
manner.

The results obtained in the course in-
dicate that the use of R Project not only im-
proved students’ conceptual understanding 
of numerical methods, but also enhanced 
their skills in programming, data analysis, 
and visualization of results. The interactive 
environment and the ability to easily mo-
dify algorithm parameters allowed students 
to experiment with numerical solutions in 
a more dynamic and visual way, facilitating 
the understanding of complex concepts 
such as truncation error, convergence of 
iterative methods, and solving systems of 
equations. In addition, the integration of 
R to document and present results allowed 
students to improve their scientific and 
written communication skills.

When comparing the traditional me-
thodology, based mainly on manual calcu-
lations and theoretical solutions, with the 
approach implemented using R Project, a 
significant change can be observed in the 
way students interact with numerical me-
thods. While in traditional approaches stu-
dents tend to focus on formulas and manual 
calculations, the use of R allows for greater 
exploration, facilitating understanding of 
the usefulness of numerical methods in sol-

ving real-world problems. This change in 
approach makes students feel more motiva-
ted and empowered as they see the results 
of their work immediately, as well as being 
able to interact with the data and see the im-
pact of the decisions made at each step of 
the process. The software also allows them 
to verify the precision and accuracy of their 
solutions, which encourages critical reflec-
tion on the validity of the results obtained.

However, certain challenges must be 
acknowledged. Learning R Project can be 
challenging for students who have no pre-
vious programming experience, especially 
in the early stages of the course. Some stu-
dents found it difficult to work with R syn-
tax and to understand the structure of the 
scripts and the logic behind the code. To 
address these challenges, it is recommended 
that a more detailed introduction to the R 
language be offered before starting to use 
numerical methods, which could include a 
small basic programming unit, focusing on 
the most essential functions so that students 
gain confidence in their use.

Despite the initial challenges, the use 
of the R Project opened up new learning 
opportunities for students. One of the most 
notable benefits was the ability to work with 
real data, which made students perceive the 
learning of numerical methods as a useful 
tool applicable to real-world problems. In 
addition, the use of R encourages the deve-
lopment of cross-cutting skills such as pro-
gramming, critical analysis, and problem 
solving, which are essential for the professio-
nal profile of a computer systems engineer. 
In the future, it is suggested that the integra-
tion of R Project with other software tools, 
such as databases and simulation systems, be 
strengthened to expand the applications of 
the course and allow students to experiment 
with more complex and multidisciplinary 
problems.
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In short, the implementation of the R 
Project in the Numerical Methods course at 
the Villahermosa campus of the National 
Technological Institute of Mexico has been 
a success in terms of improving student lear-
ning. The integration of this tool has allowed 
for a deeper understanding of numerical 
methods, encouraged the development of 
additional skills such as programming and 
data visualization, and brought students clo-
ser to professional practice through the use 
of free and accessible software. With some 
adjustments to the teaching of R and stu-
dent support, this approach could become a 
replicable model in other higher education 
institutions.
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