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ABSTRACT

Engineering education is vital for the technological development of a country,
while data science occupies an important place in scientific development. First,
the fundamental concepts of data science and engineering education are discus-
sed. Secondly, the importance of data science in engineering education is explai-
ned. Finally, it proposes a system of subjects in the curriculum to train engineers
with data science. The proposal should have an impact on the training of engi-
neers who are better prepared to tackle professional problems more efficiently
and effectively.

RESUMEN

La formación en ingeniería es fundamental para el desarrollo tecnológico de un
país, mientras que la ciencia de datos ocupa un lugar importante en el desarrollo
científico. En primer lugar, se analizan los conceptos fundamentales de la ciencia
de datos y la formación en ingeniería. En segundo lugar, se explica la importan-
cia de la ciencia de datos en la formación en ingeniería. Por último, se propone
un sistema de asignaturas en el plan de estudios para formar a ingenieros en
ciencia de datos. La propuesta debería repercutir en la formación de ingenie-
ros mejor preparados para abordar los problemas profesionales de manera más
eficiente y eficaz.
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1. Introduction
Data science is a relatively young field that brings to-

gether information science and computer science in the analy-
sis of large amounts of data. The large volumes of data obtai-
ned in engineering processes make it necessary for professio-
nals to dedicate themselves to its application in the different
employing entities once they have graduated. Hence, their cu-
rriculum must contain the necessary elements to achieve the
introduction of data processes in the shortest possible time in
order to increase their efficiency and effectiveness.

The analysis of various studies related to engineering
education[1-4] suggests that the introduction of da-
ta science in engineering education has not been ob-
served. The download of articles in sciencedirect (
https://www.sciencedirect.com/search?title=engineering %20training
) did not yield any articles related to the subject of enginee-
ring education with data science. Figure 1 shows the occu-
rrence of keywords in all downloaded articles and it can be
seen that there is no keyword related to data science and
engineering education.

Figure 1: Keyword co-occurrence map.

Source: Own elaboration.

The elements discussed so far allow us to affirm the need
for research into the inclusion of data science in the enginee-
ring education curriculum. To this end, we first address the es-
sential elements of engineering, then engineering education,
followed by an argument for the need to include data science
in engineering education and, finally, a proposal is made for
two of the most common engineering disciplines: civil and
mechanical.

2. Development
Engineering is the application of scientific and mathema-

tical principles to solve problems, design, build and improve

structures, machines, systems and processes. The first sta-
ge in engineering is to identify and clearly understand the
problem or to define it precisely and clearly. Part of this iden-
tification is the recognition of the needs of your customers or
end users in order to gather the relevant data and all neces-
sary information about the problem. This information may
include researching the problem, collecting existing data or
consulting experts on the problem.

Once the data is strained, the problem is analysed by breaking
it down into unwieldy parts to clarify some of the aspects of
the problem. Part of this process involves using diagnostic
tools and techniques to identify the root cause and potential
barriers. You think of solutions and apply technical experti-
se and creativity to suggest different alternatives. From this
point, it evaluates and selects solutions based on criteria such
as feasibility, cost, impact and implementation time; taking
into account a client’s needs.

The next step is to design and develop the solution. To achie-
ve this, a specific design and implementation plan is drawn
up that will include prototypes, simulations and models to
test the solution prior to full implementation. From this level,
it carries out the necessary tests to verify that the solution
works properly, validates the design, meets the objectives and
respects the standards and requirements.

Implementation of the selected solution may include cons-
truction, installation and commissioning of equipment, sys-
tems or processes. This is followed by monitoring and eva-
luation of the performance of the solutions, with changes
and improvements made to maximise efficiency and effec-
tiveness. Finally, the entire process, including the design of
prototypes, their testing and the results generated, must be
documented, while communicating clearly and directly to all
stakeholders the results and solutions.

Engineering education involves the use of scientific and
mathematical principles to train students capable of solving
problems related to the design, construction and improvement
of structures, machines, systems and processes, establishing
a curriculum that must be more than a compendium of ele-
ments[2] . The historical setting of engineering development,
the development of the field from engineering in ancient ci-
vilisations to the present day, including historical milestones
and technical advances; and the impact of the Industrial Re-
volution, which gave rise to the engineering profession still
impacts on engineering education today. It is necessary to
create inclusive environments by valuing and respecting the
contributions of different cultures, integrating traditional and
local knowledge specific to engineering education, and in-
tegrating and respecting cultural heritage. But an important
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aspect to be emphasised is the social responsibility of engi-
neers.

The social responsibility of engineers involves not only
applying technical knowledge to solve problems, but also
reflecting on the consequences of one’s actions on society
and the environment. Employers and society in general ex-
pect engineers to provide efficient and effective solutions with
ethical criteria for the benefit of society as a whole. They must
develop technologies with a high degree of symbiosis with
the environment, taking advantage of the resources it provi-
des while respecting ecosystems. This deepens sustainable
practices for engineering projects using recycled materials
and renewable energy sources that leave a legacy of environ-
mental cleanliness to new generations.

Engineers must comply with universal ethical principles in-
cluding honesty, integrity and transparency on an ongoing
basis. To achieve this, they need to ensure that their decisions
are based on social and not individual well-being. Therefore,
these professionals must pay attention to local development
and the impact that their decisions may have on the locality.
The engineer must bear the university’s social responsibility
as the graduate at this level who interacts with the social,
local and community levels to achieve a prosperous and sus-
tainable country.

Cultural diversity is the cornerstone on which the training
of engineers must be based. To this end, they must possess
a comprehensive general culture that allows them to dialo-
gue with experts from diverse scientific, artistic and ethnic
backgrounds. A general cultural vision allows for solutions
that guarantee the well-being of everyone in society, with
high levels of integration and that are analyzed from various
perspectives. This analysis leads to training with the social
responsibility that new projects demand.

Engineering students need to be trained to assess the social
and environmental impacts of just and sustainable design so-
lutions. The promotion of lifelong learning and the updating
of knowledge are, on the other hand, key issues for engineers
to be able to responsibly face both current and future challen-
ges.

There are many examples of social responsibility in enginee-
ring[5] ; one example would be the design and construction
of sustainable infrastructure that multiplies the use of resour-
ces and energy, reduces carbon emissions and improves the
quality of life for citizens. Another example would be for
engineers to work to develop clean technologies that promote
clean energy and renewable energy; creating a waste manage-
ment system that seeks to eliminate the environmental impact

of energy sources such as wind and solar power are practices
that should be adopted. Participating in community projects
that provide access to clean water, sanitation and electricity in
under served communities significantly improves their qua-
lity of life.

Vygotsky’s cultural-historical theory is applied in the design
of learning activities that foster personality development th-
rough collaborative and guided learning, backed by adequate
support[6, 7] . Symbols and signs that mediate communica-
tion and enable the appropriation of new knowledge are part
of this approach. Each human group in its context creates its
own signs and symbols that make its language peculiar and
with meanings that may escape the uninitiated[8] . Hence,
communication with professionals from other areas is impor-
tant as it allows diversifying and attending to the needs of
these other branches of knowledge.

There are many different methodologies for engineering edu-
cation, but project-based learning has become one of the most
widely used[9, 10] . Projects placed using this methodology
should be real so that students are confronted with integrative
problems. By solving such problems, students achieve a more
complete learning of the essence of engineering and its mo-
des of action. In this process they acquire the knowledge and
skills of the profession, they appropriate the language of the
profession and the ways of working typical of an engineer.
It is important for them to solve concrete problems under
certain constraints, as is the case in organization that solve
complex problems.

In this environment, students become active participants in
their training process and are involved in the training proces-
ses. They access international databases, professional com-
munities and build their learning spaces according to the
profession[11] . Work on real projects integrates them into
communities of professionals from whom they learn all the
elements addressed in the previous paragraph, while at the
same time appreciating the situations in which they can apply
the knowledge and modes of action they have been trained in
during their professionalization process.

Engineering problems are generally integrated with diffe-
rent areas of human activity, which is why its projects are
inter, intra and multidisciplinary. A training process that ta-
kes these processes into account allows students to be trained
in increasingly collaborative environments where respect for
others prevails. It also allows them to approach from multiple
angles and to approach different learning situations from the
positions of other disciplines.

Mathematics plays an essential role in engineering processes.
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This science allows modelling and explaining in a precise and
brief way the main structures and/or processes to be transfor-
med during the engineer’s performance. Another element of
personality that is developed during project-based learning is
the social responsibility of the students. By participating in
this type of projects, students can assess the social impact of
their productions, the improvements they introduce in society
and how society evolves from their solutions. In these terms,
they learn to value the sustainability and responsibility of
their work. They become professionals committed to a pros-
perous and sustainable society. All the processes explained
above are based on solid data collection.

Data science is based on the analysis of data in order to
derive valuable knowledge from a set of data. It is achieved
by combining several scientific disciplines: programming,
statistics and professional skills. The process starts with data
collection, drawing data from various sources such as data-
bases, APIs, sensors and files. These are integrated to create
a consistent and useful datasets. Then comes data preparation
and cleaning, which includes cleaning and transforming the
data to remove errors, null values and duplicate entries, and
standardizing the data into a common, compatible format to
facilitate analysis.

The next step is exploratory data analysis (EDA), which
incorporates visual tools as well as descriptive statistics to
make the distributions, relationships and patterns of data un-
derstandable[12] . In this sense, graphs and other visual aids
are available to help relate patterns and behavior of the da-
ta, along with statistical methods to describe and summarize
under the model to predict and/or make informed decisions.
Once the model has been developed, it is analyzed for pro-
duction and evaluation and machine learning models are put
into production for use in real-world applications. The con-
ditions of the models are monitored to continuously adjust
those models to ensure the effectiveness of their use. In this
way, data analysis is linked to informed findings, whereby
the results are presented in a clear and informative way to
stakeholders to enable them to understand the results in the
research framework through reports, tables, presentations,
and so on.

Introducing data science in the field of engineering educa-
tion can help students to prepare themselves to face present
and future challenges, being important that they can do data
analytics projects in their studies and use predictive analytics
techniques to predict behavior and trends in topics closely re-
lated to the different branches of engineering. Cases of their
introduction can be predictive maintenance in mechanical
engineering or with housing demand forecasting in civil en-
gineering. Optimization algorithms are also used to improve

the organization and efficiency of industrial, energy or trans-
port systems and processes.

There are several actions that can be implemented to es-
tablish interdisciplinary collaborative relationships between
engineering students and students from other disciplines in
which data analysis can be relevant in the solution of complex
and multifaceted problems[13] . One of them can be to share
their results in various outreach spaces where the importance
of data science in solving engineering problems is discussed.
This participation promotes the exchange with various pro-
fessionals from whom he/she can draw on and take advantage
of their experience in the form of tacit knowledge.

The introduction of content associated with data science in
engineering prepares them to face the various problems faced
by today’s engineers. The curriculum should include courses
that cover essential concepts in statistics, data programming
(preferably Python and R) and relational database manage-
ment systems (SQL versions). The courses would enable
students to understand the processes from the capture of data
to its use in the solution of engineering problems. Central to
this is the introduction of statistics to perform analyses using
hypothesis testing. At the same time, they can develop algo-
rithms to optimize different processes that can be automatic.

Including laboratory classes is one of the important forms
of organization because it allows the student to gain the skills
in analyzing numerous data to make inferences from them
and obtain predictive models. These predictive models must
be modeled in controlled environments before moving on to
business environments. In the laboratory classes the student
must solve real problems that are presented from the begin-
ning. Hence the importance of these classes because this is
where the real projects that the students must complete are
solved.

In this, it is essential to take into account the tension bet-
ween the complexity of the real projects to be solved, the
time available, the student’s possibilities and the objectives
pursued by the study plan. There must be a balance between
these elements, as the imbalance of one of them leads to pro-
blems in the training of engineers. Hence, the implementation
of real projects must be the result of a synergy between the
employing organizations where the students’ internship takes
place and the university. Each of these two organizations have
different dynamics and must find a balance point where the
most important thing is the management of the students’ data
science training processes.

Integrating data science into engineering courses not only
helps students to better solve global problems, but also con-
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tributes to societal progress. Training future engineers with
advanced skills in data analysis and modelling will drive
innovation and productivity in areas ranging from manufac-
turing to resource management. It also fosters a culture of
knowledge and data-driven decision-making that is funda-
mental to development and social well-being.

All the tools and topics suggested in the engineering cour-
ses are very useful for solving problems in combination with
data science; above all, real engineering problems, social de-
velopment and development of students’ engineering skills.
Through a combination of theoretical foundations, practical
experience and holistic work, students not only acquire tech-
nical skills, but also develop the critical skills and ethical
qualities necessary to respond to the challenges of the 21st
century.

The use of special tools and programmer is another important
aspect. Students should be familiar with tools such as Tableau
and Power BI and big data such as Hadoop and Spark, and use
programming environments such as Jupyter, Notebooks and
RStudio to analyse and visualize data. It is also important to
develop the right skills and ethics. It is important to be able to
write effective papers and presentations that connect clearly
and quickly with both technical and non-technical audiences.
In addition, students will learn about the legal implications of
data management, including privacy, security and access to
data.

Data Science is a powerful tool for solving engineering pro-
blems, giving engineers the skills they need to analyse and
use complex data. In this way, informed and affordable solu-
tions are offered. Participation in professional education and
practice is essential for engineers to meet the challenges of
the 21st century.

As a goal for implementing data science and engineering
education, a curriculum should be structured that emphasizes
the design and organization of learning based on real pro-
jects using big data. The theory emphasizes the importance
of clearly defining learning objectives, selecting appropriate
materials, organizing learning experiences and evaluating the
learning process to ensure that students acquire the necessary
competencies.

First of all, the social work of engineers is the main ob-
jective of education. According to the philosophy of curricu-
lum planning, it is important to set objectives that cover not
only technical, but also behavioral and social relations. By
applying the learning of professional ethics and social work
to the project, students learn the importance of developing
sound systems and sustainable solutions. This course should

teach future engineers how to analyse the social and envi-
ronmental impact of projects and make informed and sound
decisions. In addition, it is important to encourage participa-
tion in community projects and activities that benefit society
helps students develop social awareness and responsibility
for the welfare of society.

In-depth knowledge of engineering and data science is
another cornerstone of the curriculum. Curriculum design
theory emphasizes the importance of selecting content that
is relevant and current[14] . By taking courses such as data
science fundamentals, machine learning and predictive mo-
delling, students can build a solid foundation in statistics,
programming and advanced data analysis techniques. The-
se disciplines enable students to develop predictive models
that optimize processes, improve efficiency and facilitate
decision-making in various engineering domains. By inte-
grating these subjects into the curriculum, students will be
equipped with the technical skills needed to solve the com-
plex challenges of modern engineering. It is important from
the curricular design to elaborate proposals for the insertion
of the subjects in the curriculum in engineering education.
For this reason, the following curricular proposal is made for
engineering degrees and later the proposal will be shown for
the two engineering degrees par excellence: mechanical and
civil.

Curriculum proposal to introduce data science in enginee-
ring education

First year: Introduction to engineering, basic mathe-
matics and physics, data science fundamentals course.

Second year: Applied statistics, Python/R program-
ming, data structures and algorithms.

Year 3: Machine learning, advanced data analysis,
practical data analysis project.

Fourth year: Optimized systems, interdisciplinary
projects, ethics in data science and research workshops.

Year 5: Completion of studies in the project, staging in
organizations with big data production and dissemina-
tion of results.

Integrated Curriculum Proposal for Civil Engineering
Year 1:

Introduction to Civil Engineering

Data Science Fundamentals

Year 2:

Statistics Applied to Civil Engineering
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Programming Fundamentals (Python/R)

Third Year:

Machine Learning for Civil Engineering

Practical Data Analysis Project (Failure Analysis in In-
frastructure)

Fourth Year:

Advanced Data Analysis for Civil Projects

Ethics and Responsibility in Civil Engineering

Research and Development Seminars with Data Analy-
sis

Fifth Year:

Integrating Final Project (Application of Data Science
in a Real Project)

Publication of Research Results

Integrated Curriculum Proposal for Mechanical En-
gineering

Year 1:

Introduction to Mechanical Engineering

Data Science Fundamentals

Technical Drawing and CAD

Year 2:

Statistics Applied to Mechanical Engineering

Programming Fundamentals (Python/R)

Third Year:

Machine Learning for Mechanical Engineering

Data Analysis Practical Project (Optimization of Me-
chanical Systems)

Fourth Year:

Systems Control

Advanced Data Analysis for Mechanical Systems

Research and Development Seminars

Fifth Year:

Integrating Final Project (Application of Data Science
in a Real Project)

Internships in Mechanical and Manufacturing Indus-
tries

Publication of Research Results

3. Conclusions

Engineering education needs data science as one of its
essential processes. This assertion is based on the way en-
gineering works and thinks when implementing solutions in
real environments with constraints. In this context, enginee-
ring will play an increasingly important role in the well-being
and development of society as a whole.

Analyses of the introduction of data science in the educa-
tional processes of future engineers must take into account
the integration of the three components of the training pro-
cess: academic, work and research. Each of these processes
makes a different use of data science, but they are integrated
during the training processes that result in the solution of real
problems in employing organizations. The last actions in the
curricular proposal aim at the integration of the academic,
work and research components in the communication of the
solutions found to real projects.

The proposed curriculum design is based on the elements
addressed in the curriculum design and the importance of
data science in engineering education. The inclusion of tools
from the early years is justified by the need for training in the
fundamental concepts of data science and their subsequent
application in the subjects of the speciality.
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