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Abstract:

is article presents a reection on the teaching of ethics in engineering programs with a proposal from a neuroscientic approach.
Moreover, the main concepts and methodological guidelines that are key for the design of courses and activities related to the
teaching of ethics in engineering are described. For this qualitative descriptive study, a systematic review of the literature in scientic
databases on the teaching of ethics from 1996 to 2024 was conducted. From this search, the most pertinent articles were chosen,
and these enabled us to reect on neuroethics and the teaching of engineering ethics, ultimately describing the main concepts and
recommendations that are relevant for the teaching of engineering ethics.
Keywords: Engineering Ethics, Neuroethics, Moral Reasoning.

Resumen:

Objetivo: este artículo presentó como objetivo analizar la enseñanza de la ética en carreras de ingeniería a través de un estudio
documental histórico y con una propuesta neurocientíca. En esta, se describen los principales conceptos y lineamientos
metodológicos que son clave para el diseño de cursos relacionados con la enseñanza de la ética en la ingeniería. El estudio aborda
diversos estudios sobre la enseñanza de la ética y el estado de los currículos en la ingeniería.
Materiales y Métodos: investigación de enfoque cualitativo tipo descriptivo, diseño de investigación documental, con revisión
sistemática de cincuenta y siete artículos en bases de datos cientícas sobre la enseñanza de la ética desde 1996 hasta 2024.
Resultados y discusión: los artículos revisados establecen la necesidad de profundizar en la enseñanza de la ética en la ingeniería,
innovando con nuevas metodologías, a través de una ética práctica y de una ética aplicada y con apoyo de la neurociencia, teniendo en
cuenta no solo los procesos emocionales y motivacionales, sino también los procesos mentales, que incluyen la empatía, la cognición
social y el razonamiento moral, siendo importante la incorporación de casos de estudio reales.
Palabras clave: ética en la ingeniería, neuroética, razonamiento moral.

Introduction

is study aimed to analyze research focused on the teaching of ethics in engineering. rough a qualitative,
descriptive methodology and a systematic study, y-seven articles from 1996 to 2024 were analyzed using
the following two categories were established: 40 units of analysis were classied in the category of need
for training ethics in engineers, and 17 units were classied in the category of methodology for teaching
engineering ethics.
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e analysis revealed that some of the studies that have been conducted since 1996, such as the
investigations of [1] and [2], refer to problems derived from the lack of ethics in engineering and how these
problems derive from the training of engineers in universities.

In other studies from the beginning of the second millennium, such as that of [3], the importance of ethical
training in the 21st century was noted as a priority need, especially in the training of engineers, to help them
grow into upright professionals who have “convictions that generate a social commitment to their country,
promote the ethics of the profession, scientic and civic honesty, as well as the sense of creativity, conservation
and enrichment of national values and the best universal traditions” (p. 2).

[4] argued that engineering ethics has several fundamental confusions about what “ethics” means in
engineering, what it means to be an engineering professional and what it means to be an engineering
professional. Over the years, the confusions involved in the engineering discipline have not been achieved
and affect engineers’ training.

According to [5], the rst important step in addressing the problems of ethics in engineering is to innovate;
in his time, this raised the issue of the need to review study plans, which is still imperative today. Relatedly,
it suggests addressing the training of ethics in engineering, with case studies, seeking its greatest application
to real life.

[6] proposed that both teachers and students have agreed that the teaching of engineering was based purely
on technical components, a training totally dissociated from human training, which highlights the need to
include a training ethics in the engineering curriculum.

[7] discussed a preventive ethic, which is understood as the set of actions aimed at avoiding public harm,
and an aspirational ethic, which refers to the promotion of personal motivation toward human well-being.
In the teaching of ethics in engineering, this means that a pedagogy based on the incorporation of rules is
not as effective as generating positive actions through motivation.

[8], in a reection for the Colombian Association of Engineering Faculties (ACOFI), speaking of the
deterioration of the moral infrastructure of engineers in Colombia to date, mentioned how the ongoing moral
anarchy and morality crisis in engineering have threatened to hit rock bottom. is has led to a continuous
questioning of the ethics of the engineer in Colombia due to the permeability of corruption, as an example,
(p. 32), and this author noted that engineering ethics should be addressed in universities and not with the
study of theory or discussion of codes of ethics, but with the study of situations and specic cases of real life.
Additionally, university professors play a central role in the ethical training engineers, as they not only impart
science and knowledge but also serve as models and educators.

For his part, [9], on the basis of the list of competencies of the European Higher Education Area (EEES),
referred to ethics as a key competence in the technical teaching of engineering, demonstrating how teaching
has focused more on training engineers competent from the technical and not from the human and ethical.
In this sense, it is emphasized that ethics is transversal for the training of engineers from a purely scientic
point of view and that teachers also have to prepare themselves in methodologies for teaching ethics.

[10] proposed an alternative for an ethical formation that is based on three components: alterity, will,
and induction in ethics. ese must enter the educational model transversally and are linked to the hidden
curriculum to strengthen the processes of training in ethics (p. 109). Otherness allows one to put oneself
in the place of others and think about their well-being, will or volunteerism; it allows activities to help
others; and induction allows the student to incorporate ethical values through academic activities that also
strengthen the conceptual part.

[11] explained from the comparative analysis of 120 study plans, that moral education in engineering, still
to date, remained absent in the university curriculum. Although the teaching of ethics had gained space in
the curriculum, its didactic development was still pending (p. 131). is study highlights the need for more
importance to be given to the ethical training of university students in engineering programs.
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In their book, Ethics for Engineers, [12] noted that most engineering curricula focus on technical
aspects and forget about humanistic content, such as ethics. With respect to this gap, the authors, from
the perspective of the Mexican context, which is similar to the Colombian context, emphasized the need
for humanistic and ethical training in engineering through renewed methodologies that incorporate a
collaborative learning perspective through studies of cases. In this way, engineering professionals should
develop skills to solve difficulties with a sense of responsibility that positively impacts the quality of life of
the communities.

[13] investigated the social representations of teachers and students in terms of ethics in a higher education
institution in Cúcuta, Colombia. In this study, the researchers explained the need for pedagogical reform on
the basis of justice and the community. In this sense, ethics is essentially social and aimed at improving the
living conditions of the community; moreover, engineering has great potential, so it is necessary to direct
students to develop an ethical conscience of their actions so that they can make the most pertinent decisions
in their professional practice.

[14], in a review of 135 articles published from 1980 to 2016, reported that education on engineering
ethics should include complex ethical reections, which include risk management and the approach to ethical
issues in engineering education.

When examining the teaching of ethics at some universities in the city of Medellín, [15], noted that at
the National University of Colombia, Medellín headquarters, ethics training is not evident in the curricular
plans as a compulsory or disciplinary subject but is offered as a component of free choice for all undergraduate
careers (p. 9).

[16] developed a guide on ethics and professional conduct for managers of engineering projects in
Colombia. For the construction of the ethical guide, they conducted a literature review on codes of ethics,
in which they identied fundamental values to be followed by professionals who guide their actions toward
ethical conduct, such as integrity, honesty, equity, respect and responsibility, that are key in the design of
methodologies for the teaching of ethics.

Engineering societies such as the National Professional Council of Engineering (COPNIA) [17] created
by Law 94 of 1937 in Colombia, an entity created with the function of controlling, inspecting and monitoring
the practice of engineering in Colombia, indicate that ethics in engineering is not an individual matter.
Specically, teachers must join the ethical debate inside and outside the classroom, not turning ethics into
a subject, but making ethics have a practical dimension, encouraging coresponsibility between the teacher
who teaches it and the professional who applies it (p. 12). us, according to COPNIA, ethics is an issue
that must be continuously improved “in the academic training and ethical training of human resources, as an
irreplaceable factor to recover the ethical culture” (p. 12) because, at the moment, for engineers to practice
their profession, “they face ethical dilemmas that force reection on the moral acts of social groups (p. 11).

According to [18], the commitment and responsibility in the training of engineers materialize mainly in
the exercise of their teachers, who must assume ethics and morals as elements of their substantive functions. To
guarantee the ethical learning of the profession itself, competent teachers are needed not only in theoretical
and technical but also in moral areas (p. 4).

According to [19], the problem of ethics in engineering has existed for decades without substantial
advances in its solution. e problems of corruption in various works, which have led to collapses and deaths,
have been noted. Ethics is an educational responsibility, the ethical debate must take place inside and outside
the classroom, and ethics cannot be allowed to remain a pending issue in engineering programs. It is necessary
to innovate in the teaching of ethics in engineering from a practical dimension, which includes the study of
cases and moral dilemmas and is based on problems applied to the context.

According to [20], the engineer is currently part of a global vision for sustainable development, which is
why it is necessary to include the discussion of sustainable development in engineers’ ethical training. is,
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in addition to the development of professional ethics, can even improve the solutions to technical and social
problems.

[21], also noting sustainable development as a global vision, stated that the integration of certain essential
elements in ethical training, such as dignity, the same people, prosperity, the planet and justice as a common
good, should be supported. e ultimate goal is that the actions of the engineer benet all citizens, as well
as nature and its various ecosystems.

[22] noted that, with regard to accelerated evolution, the opportunity to reect on the ethical aspects
involved in engineering as a reasonable requirement, which is essential for engineers to learn to identify ethical
issues in their workplace before economic accelerationism is imposed, increasingly hinders ethical reexivity
and weakens critical judgment, for which the impulse of the teaching of ethics is needed, which impacts
sensitivity, stimulates a signicant improvement in moral reasoning skills and leads to decision-making ethics
(p. 226).

e abovementioned articles, as well as those by other authors reviewed in this documentary research,
highlight the importance of considering the teaching of ethics not as an additional subject but as an element
of training that is essential to guarantee upright professionals in training programs (Table 1).

TABLE 1
Other authors who have determined the need for a transformation

in the teaching of ethics in engineering over several years

Source: Own creation from the documentary review.

us, a curriculum with a dened ethical framework that includes ethics teaching methodologies, either
through courses, open professorships, diplomas, case studies or other activities, should be established to train
ethical engineers.

Ethical Pedagogy in Engineering

e systematic analysis enabled us to observe that the pedagogy of engineering ethics has been developing
since the 1970s and began in the United States, moving then in Germany, the Netherlands, Sweden, France,
the United Kingdom, Canada, Australia, Japan, Russia and other countries. In China, it has developed since
the 1990s. Chinese academics have responded to globalization through discussions of ethics in engineering.
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Since this time, the ethical application of practical engineering has been considered; more emphasis has
been placed on the practical application of ethics, rather than the ethical theory itself, which “emphasizes the
reasonable practice of technology based on moral reasoning” [30].

rough the present study, we were able to observe that there is still a critical gap in the pedagogy of the
ethics of engineering aimed at the training of ethical engineers. e codes of ethics, which give a rst line
of what the ethical behavior of engineering should be, are not sufficient and need to be transcended; ethical
skills need to be provided to address the great ethical challenges of our time [31].

Engineering programs that employ innovative methodologies for teaching ethics should include an
understanding of ethical and professional responsibility, leading to an understanding of the impact of
engineering solutions in a global and social context (Board of Accreditation of Engineering and Technology
ABET- EAC, 2003) [30]. Ethics courses in engineering programs cannot be elective and must be taught by
engineering professors; they cannot be peripheral courses [31].

[32] argued that “engineering education must instill in its students an early respect and ethical awareness
for sustainable development, including an understanding and appreciation of the cultural and social
characteristics and differences between the different communities of the world.” For example, American
education in engineering ethics proposes a series of desirable goals ([30], cited by [1]), such as the ability to
recognize ethical problems, analytical skills in key ethical concepts and principles, management of ambiguity,
greater ethical sensitivity and better ethical judgment.

One of the most commonly used methods for ethical training in engineering is case studies for
understanding particular implications, as well as the needs of engineering students. Many engineering
students are not accustomed to dealing with these ambiguities, which oen exist in both theoretical and
applied ethics. Case studies help students understand the concepts and consequences of ethical decision-
making, “how ethical problems can be solved and, in some cases, learn how ethical problems cannot be
solved” [5].

Whitbeck [5] described useful case situations for ethical education in engineering, such as the creation of
problematic situations, stories of caution in common experiences, and multiple-choice problems to identify
morally signicant options.

Neuroethics in the Teaching of Engineering Ethics

According to [33], neuroeducation is understood as “the introduction of the neuroscientic study of the
brain in learning processes and its possible contribution to teaching”. It is a relatively new interdiscipline that
was born at the end of the 1990s and is generally called “Mind Brain Education” (MBE) [34]. [34], cited
by [33], dened neuroeducation as an interdiscipline and transdiscipline from a greater integration of the
sciences of education and the sciences of neurocognitive development. On the other hand, [35], cited by [33],
as a transdiscipline of human learning development processes.

Neuroeducation [36] highlights the need to transcend naturalistic and deterministic explanations, which
have come to ignore the interdependence between biology and culture. Specically, according to [37],
educational neuroethics aims to adequately bring scientic discoveries to the classroom while keeping in
mind the dangers of “neuromyths” that become deterministic and simplistic with respect to reality. Both the
“neuroeducational ethics” of [38], cited by [37], and the “educational neuroethics” of [39], cited by [37],
seek applied ethics, which is about addressing the potential of education, understanding the importance of
neuroplasticity, which can be used from neuroeducation, as the human being is capable of developing an
ethics that justies their conduct, which is not based on “an inherited biological condition but on an ethical
justication of another order.” In fact, [40], cited by [41], affirms that the objective of neuroeducation is not
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only to understand how human beings learn better but also “to determine the way in which they can be teach
them to maximize their potential”.

In the new approaches to neuroeducation, it is not a question of indoctrinating or training human
beings so that they act in a way that the trainer wants but rather an issue of ensuring that the principles of
freedom and human autonomy are respected, which constitutes moral neuroeducation, with the goal of the
full development of one’s personality. us, education and, more specically, moral education are possible
because of the unnished nature of the human brain; owing to its neuroplasticity, the brain is cultivated,
and in doing so, it is modied throughout life, which makes the human species capable of directing its own
evolution, what [42], cited by [41], has called “coevolution”.

Neuroeducation is key for the teaching of ethics, since according to [33], it takes advantage of sensitive
periods of learning and takes into account that the preferred learning styles of sensory modalities (VAK)
are visual, auditory and kinesthetic, with the help of tests applied to students, who are able to recognize
predominant and preferred learning styles [43], cited by [33]. erefore, the relevance of integrating
neuroeducation into the teaching of ethics in engineering students is apparent in the search for a true full
human rationality in the moral, beyond interest, prudence and happiness, it is about universal justice and the
appreciation of what is valuable by itself [44], cited by [33].

Two key concepts within neuroeducation are neuroethics and neuromorality, which refer to the
exploration of the neurological foundations of the processes in the complex and dynamic relationship
between the brain and social interaction [45] and have been integrated into social neuroscience, with the
potential to align, managing to establish theories and constructions, which provides a better understanding
of complex social phenomena [46].

In some studies [47], [48], cited by [49], the cortical and subcortical areas are related in ethical decision
tasks. e most recent research on the neural circuit of ethics identied a cortical center of integration related
to morale in the ventromedial prefrontal cortex, with multiple connections to the limbic lobe, the thalamus
and the brainstem [50], cited by [49].

Multiple studies have shown that limbic regions, such as the le amygdala, work with medial prefrontal
and temporal regions, such as the medial prefrontal cortex, the bilateral temporoparietal junction and the
posterior cingulate, during moral processing to integrate emotional elements. social and cognitive factors
in decision-making [51]. Finally, Gazzaniga, from the perspective of neuroscience, suggests that it is not a
question of studying ethics and morals from neural circuits but one of thinking about a universal applied
ethics [49] and the importance it has for the teaching of ethics in engineering schools.

In addition, in neuroscience, specically in the so-called social neurosciences, specic studies on some
neurobehavioral aspects of human beings have been conducted. ese aspects have also been considered
to think, reect and complement studies from neuroethics and neuromorality and are important for the
teaching of engineering ethics. Other aspects include social cognition, theory of mind (ToM) and empathy.

For example, social cognition refers to the cognitive processes used to understand and store information
about other people, about oneself, and about interpersonal norms and procedures to adapt efficiently in the
social world. is includes understanding the reasons for behavior and dispositions of oneself and other
people, social intelligence for attributing the behaviors of others that can be harmful or dangerous, reading
the minds of others, and determining the possible thoughts and beliefs of others, which is also known as
theory of mind (ToM) or mentalization, a high-level ability [52].

In social cognition, one learns about others through observation, reinforcement and other mechanisms,
and impressions about others through social comments. ese impressions and attitudes are based on social
interaction; they depend on instrumental and conceptual learning and action-result associations, which leads
to learning from the responses to these associations [53].

Social cognition is essential for adaptation and social development; it also seeks to understand how the
brain processes social information [54] and includes the dimensions of emotional processing, theory of mind
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(ToM), social perception, social knowledge, and style or attributional bias. Social cognition allows us to
interpret the social signs of others and respond appropriately [55].

e theory of mind (ToM) suggests that human beings are innately predisposed to sensitivity to the
subjective states of other people. Likewise, the ability to recognize oneself is implicit with introspective
awareness of one's own mental states and the ability to attribute mental states to others [56]. is ability to
attribute mental states to others, which is related to moral reasoning, includes the ability to think and feel
like others and even imagine being in the other's situation.

Discussion and Conclusions

e analysis revealed that the articles initially focused on the state of ethics teaching from 1996 to 2024,
indicating the need to deepen ethical teaching in engineering and make recommendations regarding the
need to innovate and implement new methodologies. ese are the main themes found in all the articles on
teaching ethics in engineering:

1. State of the teaching of ethics in engineering
2. Social problems derived from the lack of teaching ethics in engineering
3. Need to innovate in the teaching of ethics in engineering
4. Need for new methodologies in the teaching of ethics in engineering

On the basis of the present study, the state of teaching ethics in some engineering programs from 1996
to 2024 shows that it is still necessary to implement innovative didactic methodologies and strategies that
generate a greater incorporation of behavior ethics in engineering.

Similarly, various studies have proposed ways in which, from universities, the main problems related to
ethics in engineering can be addressed and students can be prepared to perform ethically in their professional
practice.

e authors conclude that ethical education in engineering must be an applied ethics, which allows a better
quality of life for the communities, permeated by an “ethical fabric” (Oscar Diego, cited by [57]), and thus
achieves public ethics, the application of ethics as an integral good, which is based on service to the human
being and the truth. Since engineers affect the quality of life of all people, the curriculum and study plans of
engineering programs need to include training oriented toward collective professional responsibility.

In neuroeducation, knowledge about how the human brain works should be used to make the learning
of ethics in engineering more effective, not only from the emotional and motivational elds but also from
multiple processes that include sensitivity to others, ethical judgment, cognition and moral reasoning,
which include the solution of moral dilemmas, seeking to lead engineering students toward an ethic of
sustainable development, which, beyond economic reasons, nd survival and well-being in general. An ethic
that includes responsibility toward the world and an orientation toward good development and not toward
poor development is needed [58], cited by [59].

us, ethic’s education should lead students to think about the consequences of their own actions for others
and for global well-being. As noted by [32], “engineering education must instill in its students an early respect
and an ethical conscience for sustainable development”.

One of the alternatives that can be effective for the education of engineering ethics is to make use of the
different cases presented in the Engineering Ethics Courts, which can be effective, to implement an adequate
pedagogy of ethics in engineering.
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