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Abstract

Transdisciplinary education converges neurodidactic processes
with neuroengineering and Artificial Intelligence, allowing the
neurocognitive, neuroethical, and sociocultural student analysis
characteristics; to link educational models from a holistic,
integrative, and multidisciplinary perspective. This research
explores, among teachers, the prospect of using neurodidactics to
develop activities with educational neuroengineering through
Artificial Intelligence, from a complex perspective toward
transcomplex projects. Proposing the multi-method approach to
transcomplex projects; the methodology combines a non-
experimental, exploratory, descriptive, and cross-sectional
quantitative approach with a qualitative approach using focus
groups, administering a self-directed online questionnaire to 14
CISET students. The higher the academic level, the more
information and openness to the design of activities with
artificial intelligence and neurodidactics, facilitating the
transition toward more interdisciplinary and neuroethical
educational models. Although 85.7% are unaware of the
usefulness of neuroengineering for the design of
neuroeducational activities.

Neuroengineering, Neuroeducation, Artificial Intelligence,
Complexity, Transcomplexity.

Resumen

La  educacion transdisciplinaria ~ converge  procesos
neurodidacticos con la neuroingenieria y la Inteligencia Artificial;
permitiendo analizar las caracteristicas neurocognitivas,
neuroéticas y socioculturales de cada estudiante para vincular los
modelos educativos desde una vision holistica, integradora y
multidisciplinaria. Estd investigacion explora, en docentes, la
prospectiva de emplear la neurodidactica para el desarrollo de
actividades con la neuroingenieria educativa a través de la
Inteligencia Artificial desde una mirada compleja hacia
proyectos transcomplejos. Proponiendo el multimétodo de
proyectos transcomplejos; la metodologia combina un enfoque
cuantitativo no experimental, exploratorio, descriptivo y
transversal, junto con un enfoque cualitativo mediante grupos
focales, aplicando un cuestionario autodirigido en linea a 14
estudiantes del CISET. A mayor grado académico; mas
informacion y apertura al disefio de actividades con inteligencia
artificial y neurodidactica; facilitando la transicion hacia
modelos educativos mas interdisciplinarios y neuroéticos.
Aunque el 85.7 % desconocen la utilidad de la neuroingenieria
para el disefio de actividades neurodidacticas.

Neuroingenieria, Neuroeducacion, Inteligencia artificial,
Complejidad, Transcomplejidad
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Introduction

In today's world, we must accept that we are
immersed in a physical, emotional and
immersive reality governed by chaos and order
as part of disorder. Non-linearity, uncertainty
and indeterminacy, among other things, are
significant markers of everyday life, directly
impacting individuals in their daily tasks. This
new reality poses a great challenge for scientists
and researchers who are accustomed to working
with certainties and truths, predictability and
stability.

Therefore, one of the few certainties we
have today is the constancy of change
accompanied by an increasingly accelerated
pace, which brings with it uncertain times,
rendering obsolete the techniques and tools that
until recently worked to address reality. There is
no doubt that we are facing a new era, governed
by the paradigm of complexity and migrating
towards transcomplexity.

Consequently, when observing the
present, one can appreciate the great complexity
of the times and events; for this reason, it is
necessary to migrate from simplistic thinking to
complex and transcomplex thinking.
Understanding that in order to address this
reality, the generation of knowledge must be
based on novel forms, which must be
complemented as we move forward, where each
phenomenon dictates how it should be
approached disciplinarily, in those phenomena
that can be addressed from a uni-, multi-, inter-
or transdisciplinary perspective.

The approach to complexity is not
limited to the use of disciplinary forms, but also
involves generating an epistemic approach
specific to that paradigm. This is how
transcomplexity is understood, which is based
on complex thinking and transdisciplinarity.
From this perspective, there is a need to promote
neuroscience, which allows us to study the
neurophysiological behaviour of humans in
order to understand the brain as an ally in
addressing this new reality in education.

Neuroscience promotes advances in the
worldview of the functioning of thought and
basic and higher functions to promote the
adaptability of living beings in this dimensional
and complex space.
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From the development and use of
neuroscience strategies and techniques, it is
beginning to be used from various perspectives
or thoughts in different areas of life.

Among these studies is one focused on
the area of education, as one of the fundamental
pillars of development in a society. Bringing
neuroscience to the service of individual
learning from the perspective and support of
neurodidactics, neurolearning, and educational
neuroengineering in the development of
neurodifferentiated activities per student.

Studies on brain function have led to
technological advances that neuroscience seeks
to replicate in order to reflect on the
neurophysiological bases of human brain
behaviour in biological and adaptive learning
processes for survival. Understanding this
interaction between biological processes and
their effects on student behaviour and learning is
strengthened by the use of technological tools
such as artificial intelligence, which allow the
creation of activities enriched with immersive
environments and accompanied by information
provided in an ethical manner, facilitating the
construction of neurocognitive experiences to
connect previous experiences with new
knowledge.

These immersive environments, created
as part of digital simulators, will assist humans
in many fields of learning, including engineering,
medicine, architecture, and ergonomics, among
others. The aim is to train and reduce
occupational costs and risks in order to enhance
skills and strengthen neurocerebral fields that
allow technology to be humanised in the field of
education  without neglecting emotional
intelligence and the importance of the essence of
human beings in a transcomplex world.

From complex thinking to transcomplexity.

According to Morin [1999, p. 36], there is a loop
between science, technology and society;
therefore, the technology produced by science
transforms societies and, conversely,
technologised society transforms science itself.

It can be said that the structure of the
function of objects designed in nature and the
function shapes the structure of those objects
existing in space and time.
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This complex thinking provides us with a
reflection on the adaptability of the brain using a
computational analogy.

Over time, the anthroposocial aspect has
its origin and roots in a biophysical component,
where the mechanisms of certain mental
processes store information in certain structures
of the brain that can be compared to the
functioning of a computer that needs information
to store and process it in order to execute an
action. Martinez, A. & Fornaguera J. [1998]
highlight that the brain is a complex organ that
is still being studied and that computers are
being developed by humans. Both perform
processes of evaluating external information
with the criterion of learned value that produces
movement, action, emotion, and language
expression. This allows for free and reflective
decision-making. The need for a science with
consciousness 1is important to identify the
validity of the local and the wunique; by
identifying mental errors, intellectual errors, and
intellectual errors, Morin [1999, p. 5] explains
that in each neuro-cerebral system, they connect
the organism with other systems of ideas and
interpretation of each assimilated reality. This
perception is mediated by the assimilation and
sensation of electrical stimuli in dendrites in the
axons of neurons specific to each function.

When interpreting theories, beliefs, or
intellectual paradigms, they must be analysed
under the large amount of information stored in
three sub-organs of the brain that allow for the
creation of a conscious cortical system, a
subconscious limbic system, and even the
control of reflexes to perform survival functions
such as breathing, heart rate, and essential
movements. These allow the individual to react
to their interconnected environment under a
criterion of action. This set of events, actions,
interactions, determinations, retractions,
randomness and decisions weave a paradox of
the one and the multiple that seems to be in
disorder, but is not; the brain presents it in an
interwoven manner, as explained by Morin
[1990, p. 32] in complex thinking about
phenomena, rejecting disorder in order to
classify, distinguish and hierarchise facts from
the binary thinking of the subject of the object,
soul of the body, spirit of matter, quality of
quantity, real of the virtual, feeling of reason,
and of existence or essence. Each individual
values this disjunction of perception of a parallel
world subjected to the observation and
interpretation of events.
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This interconnected terrestrial world,
which for Morin [1983: 418] in Lira [2004]
refers to the fact that every system is constituted
as a complex unit that involves diversity and
multiplicity, even antagonism. Where disorder
can be understood within the tetragram of order,
disorder, interaction, and organisation. Within
an open system such as fractals, which show a
pattern of disorder at first glance.

But when applying the Fibonacci
formula, the organisation of these fractals is
found to be conditioned by factors that affect that
structure based on its function. When disorder
increases, order and organisation grow. To give
an example: when measuring brain activity
within an  explanatory mechanism  of
neurological processes, there is an increase in
action potentials, stimulus response and
inhibition of certain areas that can be observed
when measuring the brain with
electroencephalograms or magnetic resonance
imaging during academic activities.

Miklos & Tello [co-author], [1991] take
foresight to a style of planning in line with
current circumstances where the attitude of the
mind is directed towards the problems of the
future. However, foresight does not go from the
present to the future, it comes from the future to
the present, building means and alternatives to
construct that desirable future [p. 42]. This is
where paradigms help us to understand reality.
Just as the human brain does to arrive at critical
thinking about the solution to a problem to be
solved, integrating various areas of the brain and
activating various neural networks that connect
to provide a holistic and integrative response
from biological, affective, cognitive,
sociocultural, institutional and/or political
processes that can be studied under
transcomplexity. A simple way of understanding
what transcomplexity consists of is offered by
Arce, R. [2019], who presents it as a new science
that goes beyond complexity, conceived as a
philosophy and episteme oriented towards the
investigation of multiple realities, thus bringing
together the strands of complex thinking and
transdisciplinarity [p. 60].

Villegas [2006] in Perdomo, W., Salazar,
S., Pérez, R., Rodriguez, J., Ruiz, B. and
Villegas, C. [2017] defines transcomplexity as a
bio-affective-cognitive, but also sociocultural,
institutional and political process of producing
complex knowledge.

Valladares-Rios, Luis, Duarte-Reafio, Jhonny and Lino-Gamifio, Juan
Alfredo. [2025]. Complex thinking to transcomplexity: artificial
intelligence teachers perceptions in neurodidactic activities design with
educational neuroengineering. Journal of Experimental Systems.
12[31]1-14: e41231114.

https://doi.org/10.35429/JOES.2025.12.31.4.1.14


https://www.scielo.sa.cr/scielo.php?script=sci_arttext&pid=S1017-85461998000100009&lng=en&tlng=es..
https://www.scielo.sa.cr/scielo.php?script=sci_arttext&pid=S1017-85461998000100009&lng=en&tlng=es..
https://www.uv.mx/dgdaie/files/2012/11/CPP-DC-Morin-Los-siete-saberes-necesarios.pdf
https://www.uv.mx/dgdaie/files/2012/11/CPP-DC-Morin-Los-siete-saberes-necesarios.pdf
https://norberto2016.wordpress.com/wp-content/uploads/2016/10/morinedgar_introduccion-al-pensamiento-complejo_parte1.pdf
https://www.redalyc.org/articulo.oa?id=97917171006
https://www.redalyc.org/articulo.oa?id=97917171006
https://www2.congreso.gob.pe/sicr/cendocbib/con4_uibd.nsf/124EE685AEA872BF05257E88000D98AB/$FILE/PLANEACION_PROSPECTIVA_MIKLOS_Y_TELLO_COMPLETO.pdf
https://www2.congreso.gob.pe/sicr/cendocbib/con4_uibd.nsf/124EE685AEA872BF05257E88000D98AB/$FILE/PLANEACION_PROSPECTIVA_MIKLOS_Y_TELLO_COMPLETO.pdf
https://revistas.uniminuto.edu/index.php/praxis/article/view/2090
https://reditve.wordpress.com/wp-content/uploads/2019/02/libro-unitec-ss2017.pdf
https://reditve.wordpress.com/wp-content/uploads/2019/02/libro-unitec-ss2017.pdf
https://reditve.wordpress.com/wp-content/uploads/2019/02/libro-unitec-ss2017.pdf

Journal of Experimental Systems

4
12[31]1-14: e41231114

Article

The recognition of the existence of a
plurality of neglected approaches, such as the
everyday, the imaginary, the poetic, among
others [p.15], thus evidencing its integrative
spirit.

Villegas [op. cit.] argues that
transcomplexity is a construct that originates in
the link  between complexity and
transdisciplinarity, taking three of the latter's
characteristics, namely rigour, openness and
tolerance towards other points of view, seen as a
commitment to reconcile differences [p. 16].

This transcomplex interaction  of
different perspectives of analysis allows
neuroscience, educational neuroengineering,
and artificial intelligence to be integrated under
an educational situation to attend to, understand,
and diagnose; to design, implement, and
evaluate the processes of educational
achievement. This allows for the enhancement
of the  neurophysiological, = emotional,
behavioural, cognitive and sociocultural impact
of this construction of activities from a
transdisciplinary approach to improve students'
quality of life and harmonise their learning from
the human aspect to the adaptability of their
processes in language acquisition, fine and gross
motor skills, and even higher mental processes
with the support of different professionals,
methods, techniques and instruments to learn to
live and coexist.

Martinez, M. [2009] defines
transdisciplinarity as an intellectual and
academic movement that seeks to go beyond or
through [trans] unidisciplinarity,
multidisciplinarity and even interdisciplinarity,
thereby demonstrating its sole intention to
overcome the fragmentation and
compartmentalisation of knowledge reflected in
particular disciplines. [p.27]

For Villegas [2010], a multidisciplinary
approach to current phenomena is insufficient
because this methodology seeks to study the
phenomenon from various disciplines. Each
discipline works separately, conducting an
analysis from its own perspective. For this
reason, interdisciplinarity was born, which
integrates the visions of the disciplines, making
this integration reach the epistemological and
methodological levels.
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Transdisciplinarity, on the other hand, is
characterised by its integrative spirit, but is more
comprehensive when addressing reality, thus
broadening the vision and enabling it to take on
complexity as an organised form.

Thus, research from the point of view of
transdisciplinarity cannot be conceived as an end,
but as a constant process of knowledge
production, where one learns, unlearns, and
relearns. In this way, it is recognised that the
object learned has several facets that lead to
different ways of thinking and reflecting on it in
order to grasp its complex essence. In addition to
transforming the practice of research into a
process where there is learning, relearning,
unlearning and complexification; or, in other
words, transdisciplinary research must lead to
the complexification of the object to be learned:

This reaffirms the position of complex
thinking in which research is to investigate and
follow the complex trail of something.

In this perspective on complexity,
research must be transdisciplinary, developing
the researcher's creativity by using all their
thinking skills to immerse themselves in the
background of reality, of which they are an
active participant, in order to generate
knowledge from there, making use of their
previous and current experiences.

These experiences could be learned
through observation, analysis, or
implementation in order to construct their
thought patterns and develop the skills and
aptitudes acquired through formal and non-
formal education in the teaching-learning
processes at school in an informal way by
interacting in society.

Neuroengineering in neuroeducation

Education in the 21st century requires us to look
at open systems of knowledge generation with a
complex, systemic, dialogical, and reflective
view of the events of reality in each educational
subject, from students, teachers, family members,
support staff, educational authorities, and the
knowledge society.
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To address the blind spots and illusions
of knowledge in education, Gémez [2018]
suggests that the classroom should be creative in
multiple directions with emerging objects of
study, overcoming linearity by interacting
skilfully, with a democratising, dialectical and
creative education capable of creating
scaffolding to face the uncertainties of reality

[p.97].

Neuroengineering, as defined by
Panuccio et al. [2018], is the discipline that
develops instruments that enable dialogue with a
neural system, using computational tools and
communication techniques that allow the
electrical activity of the nervous system to be
measured, analysed and manipulated. The aim is
to  identify  patterns, algorithms  and
communication codes to resolve brain injuries,
treat brain disorders and promote neural
plasticity to enhance neural connections in order
to make everyday activities more efficient. [p.1]

For Ahsan et al. [2024],
neuroengineering 1is a rapidly expanding
interdisciplinary field that connects
neuroscience, biomedical engineering, and
electrical engineering. It focuses on diagnosing
and understanding brain function to create
solutions for neurological disorders or enhance
brain areas. The aim is to increase brain capacity,
restore lost functions and decipher the
complexities of brain function or alteration in the
body. [p.1]

For Morin in Delgado [2017], it is
necessary to humanise technology through soft
digital skills that allow for reflection, self-
regulation and self-knowledge of individuals in
order to strengthen ecological awareness,
autonomy, creativity and environmental ethics to
build a participatory and democratic citizenship
in an interconnected knowledge society. Where
each subject's way of life is related to a system
of acculturation that allows them to learn and
tacitly and pre-reflexively apprehend the ways of
living and managing their socially possible life

[p. 20].

The act of learning pedagogically, as
Alberto et al. [2024] comment, requires us to
seek in subjects the principle of self-regulation
and maturation. Identifying sociocultural
meanings to generate products about current,
comprehensive and open situations and contexts.
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Therefore, teachers must consider the
humanistic axis, recognising others from their
philosophical, sociocultural, historical, political,
ethical and aesthetic axis of the school
environment.

They must also consider the scientific
axis to develop the construction of knowledge
through epistemology, discipline, research,
critical thinking, and praxis. Without losing sight
of the pedagogical aspect of what is
communicated, listened to, and discussed in
order to address the dimensions of pedagogical
and curricular knowledge [p. 491].

Education, according to Potter [as cited
in Gomez, 2018], must be transdisciplinary,
global, interdisciplinary, ecological, critical and
situated. It must allow for the appreciation of
scientific and technological advances for
humanity, with the aim of acquiring inclusive,
equitable, fair, democratic and humanistic
knowledge.

From moral reflection on the problems of
nature that are experienced every day when
interacting in society to understand and
transform it with a holistic and systemic
perspective.

Therefore, neuroeducation supported by
artificial intelligence requires a comprehensive
understanding of the subject in the educational
process, considering their mind, perception,
sensation, emotion, knowledge, physicality,
context and intelligence in order to achieve more
effective, ethical and symbiotic educational
models with themselves and other living beings

[p.92].

The need to reinvent an educational
process with an interdisciplinary,
transdisciplinary and systemic vision based on
complex, ethical and humanistic thinking;
should encourage reflection as a process of
knowing what is known and co-constructing in
dialogue what we are and what we have to
recognise in the uncertainty that there are not
only linear paths, but multiple trajectories to
allow interaction with the diversity of
knowledge, attitudes, feelings, perspectives,
sensations and conceptions of reality in each
subject.
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Neuroeducation proposes a perception
from a complex system that studies and explains
the assimilation of knowledge in brain structures
that allow for the differentiated explanation of
each individual to weave that network of
information and generate experiential learning
with knowledge, doing science with practice
using techniques linked to feelings, sensations
and emotions; to connect with various neurons
from different cortical areas and brain systems
that link emotions with previous information and
new information; and thus be able to process a
structured thought, processed and linked by the
experience of information from an inductive or
deductive analysis in the tetragram of
complexity.

For  Montoya-Restrepo 1.A. and
Montoya-Restrepo L.A. [2023], neuroscience is
the study of the nervous system from its structure,
development and functioning. From this, it can
be deduced that neuroscience generates valuable
information about neural mechanisms and their
responses when the individual is subjected to
stimuli such as emotion, reward, memory,
motivation and decision-making processes,
among others. These reactions help us
understand individuals' affective and social
behaviours [p. 29].

Neuroeducation shows us the importance
of the link between emotions, context, and
physicality ~ with  cognition. to  create
biopsychological technological tools that
address the uniqueness and individuality of
students' emotions, learning rhythms, and
history based on differentiated teaching;
supported by the use of artificial intelligence as
a mediator for the protection of human dignity,
promoting social justice and avoiding focusing
on the subject as an object of study.

Rather, as a complex living being who
interacts systemically in their individuality
towards the collective.

Now, according to Fernandez Pérez
[2009], considering the Proteus effect to be a
stereotype of users of these environments in
neuroeducation, Heraclitus mentions in his
enantological thinking that there are categories
of opposition and relationship between events.
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Allowing the experienced reality to be
composed, decomposed and recomposed
depending on the neurodidactic activities
applied in the classes, the subjects interpret the
conditions for interacting within or outside an
immersive environment, real or fictional, novel
or classic, orderly or disorderly, being or
becoming, and easy or difficult. Creating neural
networks to activate prior knowledge linked to
an emotion or anchored characteristic [p.159].

Pineda et al. [2012], understanding of the
mind has been studied over time, where theory
of mind [ToM] is a cognitive ability directed
towards predicting the behaviour of others in
relation to social skills.

This mental representation, elaborated in
the brain of each subject, is classified in external
behavioural expression through gestures, with
the visible physical world and hypothetical
models alternative to that reality. Therefore, the
use of digital, virtual and immersive
environments to recreate a conscious virtual
mental state in a living organism can create
confusion between the real and the unreal,
presenting a state of the Proteus effect. [p.181]

In the study by Yim et al. [2024] on the
Proteus effect on pain management by users of
virtual environments, they recorded that the
perception of the stereotype influenced the
subject's perception when performing activities
with the viewers. Therefore, the thought
generated from a computer to be visualised in a
headset in virtual reality generates a complex
thought that the user's brain will have to interpret
as something real without physical matter in a
digital, virtual, and immersive environment
within a computational cyberspace. [p.10]

Artificial intelligence in neurodidactics.

Fredes [2025], in  conjunction  with
neuroeducation, artificial intelligence is used to
generate 1ideas, provide emotional support,
organise routines, manage topics of interest,
perform specific searches and solve problems for
improved and personalised learning. Thus, the
subject emerges from their self-concept of their
cultural and social reality and begins to use
digital, virtual, or immersive tools that allow
them to self-regulate, organise, and self-discover
under the awareness of themselves as a
reasonable autonomous being immersed in a
complex and interconnected system.
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According to Garcia et al. [2024, p. 7],
the use of generative artificial intelligence in
education has made it possible to provide
answers based on the evaluation of large data
corpora supplied to train its information
management system within a given probability
to the question asked without reasoning,
although coherent at times, it is not always
correct.

Therefore, users must critically assess the
veracity of the response provided by generative
artificial intelligence. It is here that its use in
education promotes critical thinking in the
construction of knowledge as digital tools that
can be used as augmented intelligence to analyse
the large amount of data that provides
information in a short time for reflection and
analysis. Likewise, for experimentation with the
use of chatbots for collaborative work in the
design of a prototype or simulation of projects in
digital, virtual or immersive environments,
before developing the physical model.

In the research on the perception and use
of chatbots among online postgraduate students:
An exploratory study by Segovia-Garcia [2023]
reports that students use the Generative Pre-
trained Transformer [ChatGPT] for its
usefulness, ease of use, support, complement to
study, easy search, source verification and
knowledge generation.

Therefore, being able to interact with
Artificial Intelligence allows for dialogue
between participants and the construction of
tools or prototypes based on a hypothesis or idea.
Thus, the use of chatbots can facilitate the search
for large amounts of information in different
digital bibliographic resources from different
subject areas to plan activities and provide
effective and efficient feedback with human
quality from neurodidactics.

Neurodidactics is a branch of pedagogy
based on neuroscience, envisioning an
innovative path in the field of education
[Paniagua, 2013]. It is here that cognitive
sciences and neuroscience converge with
education, with the aim of designing didactic and
methodological strategies in line with the current
complex times.
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Brain development and learning are
closely related, and thus every meaningful
learning experience for the individual leads to
new neural connections accompanied by
chemical secretions in the brain, which leads us
to imagine that learning is a way of modifying
the brain and keeping it active. Thus, educators
can be thought of as modifiers of the brain
through the teaching of novel and interesting
content that will have an impact on the structure
of the brain, with its chemical composition and
electrical activity, thereby improving synapses
or neural communication.

Ramirez et al. [2025] comment that the
use of technological tools to develop hard and
soft digital skills, such as augmented, generative,
and investigative artificial intelligence assistants,
encourages teachers to use methodologies
related to complex thinking. The aim is to
transform systemic, scientific, critical, and
innovative thinking, as well as digital
transformation for literacy in artificial
intelligence.

This should adopt a dynamic model of
thinking assistant that reinforces the need to
design strategies for the executive functions of
each subject, as well as to encourage critical
reasoning, perception, attention, memory,
emotion, thinking, learning, and motivation in
material, digitised, virtual, and immersive
environments.

Understanding  this  interaction of
biological processes and their effects on student
behaviour and learning is strengthened by the
use of technological tools such as artificial
intelligence, which allow the creation of
activities enriched with immersive environments
and accompanied by information provided in an
ethical manner, facilitating the construction of
neurocognitive experiences to connect previous
experiences with new knowledge. These
immersive environments, created as part of
digital simulators, will assist individuals in many
fields of learning, including engineering,
medicine, architecture, and ergonomics, among
others. The aim 1is to train and reduce
occupational costs and risks in order to enhance
skills and strengthen neurocerebral fields that
allow technology to be humanised in the field of
education  without neglecting emotional
intelligence and the importance of the essence of
human beings in a transcomplex world.
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With the support of neuroscience,
teachers are supported in the construction of
activities based on neuroeducation. Actions in
the classroom  will always  generate
neurotransmitters that will either promote or
hinder learning. Thus, if the educator promotes
cortisol and adrenaline, they will cause a feeling
of stress in the student that will in no way benefit
learning. On the other hand, if they generate
serotonin and dopamine, they will be gaining a
great ally in fixing or generating knowledge
through the student's openness and involvement
in the teaching process.

Neurotherapy can be assisted with
portable devices that improve people's learning
conditions, as suggested by Ghannam Rami et al.
[2020, p. 212397] through the wuse of
microelectronics, artificial intelligence,
neuroscience, and integrated circuits with
portable devices such as immersive reality
glasses, smart watches and bracelets, contact
lenses, haptic gloves, hearing devices, footwear,
and clothing, with the use of digital assistants
such as chatbots that allow data analysis to
suggest actions to enhance learning.

The wuse of -electroencephalographic
biofeedback analysis, known as neurofeedback,
citing Carrobles, J. A. [2016], has made it
possible to monitor biological activity from a
system, brain region or process using electronic
instruments that record brain activity signals in
certain regions linked to clinical symptoms or
problems in order to establish learning
techniques to learn how to voluntarily control
the functioning of that system.

This constitutes a field developed by
learning psychology to use electronic devices to
decode brain activity, supported by principles
and techniques of operant conditioning learning
from neurotherapy.

Using these devices provides access to
information about the subject, so it is essential to
consider ethical, legal and social issues
regarding the use of data by support and
monitoring devices, with techniques that
promote the free and ecological development of
the individual in question. According to Moritz
et al. [2016], the capacity for self-determination
must be considered and the ability to adapt to a
dignified and healthy way of life must be
enhanced by being able to choose based on
preferences and values [p. 1362].
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Neuroethics in neuroeducation and

neuroengineering

Neuroethics has become a key issue due to
advances in neuroscience and neurotechnology
have advanced the medical treatment of certain
neurological disorders or conditions in patients
to improve their quality of life; the study of the
brain has provided personal information about
their brain processes in relation to their mental
states and behaviour [Ienca, M., & Andorno, R.,
2021, p. 144], so this information must be
protected to ensure user privacy.

Neuroethics, according to Sanchez
Vilanova, M. [2020], considers it a new branch
of bioethics that debates the moral, social, and
legal issues that accompany advances in
neuroscience in order to protect the safety and
autonomy of patients and avoid distorted
interpretations that may arise during studies
without affecting users or scientific advances
that will allow other patients to be treated. [p.
194]

Considering the principle of agency in
which each individual is the owner of their own
thoughts and feelings, it becomes a priority to
consider, according to [Floridi and Tadeo 2016
cited in Monasterio Astobiza, A. et al. 2019], the
ethics of brain-machine interfaces for data
management, algorithmic ethics and the ethics of
practices; where the acquisition, storage and
processing of data must follow privacy and
patient authorisation standards. As well as data
support by artificial intelligence, chatbots,
machines and robots that use and interpret this
data with the recording of neural activity; so that
they protect the integrity of the user and the
privacy of their information. Furthermore,
ethical practices must be considered when
developing information privacy codes for future
research, supporting human rights, dignity and
freedom with ecological responsibility. [p.4].

Methodology

The multi-method of transcomplex projects is
proposed; according to Arango [2013] in
“Investigaciéon  intervencion y  enfoque
multimétodo en Ciencias Humanas y educacion
matematica” [2017], transcomplex research is
suggested as a new paradigmatic worldview that
requires a comprehensive, systemic and
multivariate position.
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Synergy is achieved by using the
methodology combined with a non-experimental,
exploratory, descriptive and cross-sectional
quantitative approach, together with a qualitative
approach using focus groups, applying a self-
directed online questionnaire to 14 teacher
students from the Tecomén A.C. Centre for
Social and Educational Research [CISET].

The research question posed is: What is
the perception of postgraduate teacher students
regarding neuroeducation and educational
neuroengineering enhanced by artificial
intelligence? Can they facilitate the transition
from complex thinking to transcomplex thinking
in education?

In the non-experimental, exploratory,
descriptive, and cross-sectional quantitative
approach, the following hypotheses are
established:

H1: Postgraduate students have a high
perception of the potential of artificial
intelligence  combined with  educational
neuroengineering as facilitators of the transition
from complexity to transcomplexity in teaching.

H2: There is a significant relationship between
the integration of multimethode with artificial
intelligence and the perception of the ability to
solve complex problems in postgraduate
students.

H3: Most postgraduate students have an
adequate level of awareness of the neuroethical
challenges associated with the use of educational
neuroengineering and the Proteus effect.

With the following operational variables for the
study: 1.-  Prospective  perception  of
neurodidactics with Al and neuroengineering.

2.- Level of awareness of neuroethical
challenges and the Proteus effect.

With the operational definition of: -
Degree of assessment, expectations and attitudes
of CISET teacher training students regarding the
applicability of educational neuroengineering
and Al in advanced educational processes.

- Degree of knowledge, recognition and concern
of students about the ethical and neuroethical
dilemmas related to the implementation of
educational neuroengineering.
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In the qualitative approach, the focus
group is used to address the research questions:

l1.- What is the perspective of
postgraduate students on the use of Artificial
Intelligence with educational neuroengineering
as facilitators of the transition of teaching from
complexity to transcomplexity? 2.- What is the
perception of postgraduate student teachers
regarding the integration of the use of multi-
methods with artificial intelligence for solving
complex problems? 3.- What is the level of
awareness of postgraduate students regarding
the neuroethical challenges linked to the use of
educational neuroengineering with artificial
intelligence and its relationship with the Proteus
effect in education?

Proposing  the  multi-method  of
transcomplex projects, the general objective is
constructed as follows: To explore the prospects
of neurodidactics with the development of
educational neuroengineering using artificial
intelligence from complexity to transcomplexity.
With specific objectives to achieve this
knowledge in: 1.- Measuring the prospective
perception of neurodidactics among
postgraduate students on the use of artificial
intelligence  combined with  educational
neuroengineering in their professional practice
as a facilitator for the transition of teaching from
complexity to transcomplexity. 2.- Evaluate the
quantitative perception of postgraduate students
in integrating educational neuroengineering to
solve complex problems from a multi-method
and multiple perspectives approach using
adaptive Artificial Intelligence. 3.- Identify the
prevalence of awareness of the neuro-ethical
challenges associated with the application of
educational neuroengineering in relation to the
Proteus effect in educational contexts.

Using a non-probabilistic sample of 14
postgraduate students at CISET with bachelor's,
master's and doctoral degrees.

A mixed online questionnaire was
conducted using Google Forms with closed and
open questions.

It began with questions on three aspects:
Aspect . 1.- How old are you? I.2.- What is your
gender? 1.3.- What is your profession? [.4.- What
is your highest level of education?
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Aspect I1.- Closed questions with: yes/no.

II.1.- Are you familiar with the contributions of
neuroscience to education? II.2.- Are you
familiar with the contributions of artificial
intelligence to education? I1.3.- Are you familiar
with  the contributions of educational
neuroengineering to society? Aspect III.

Mixed questions with a Likert scale from
1 to 5. 1]. Strongly disagree. 2]. Disagree. 3].
Neither agree nor disagree. 4]. Agree. 5].
Strongly agree.

III.1.- T ©believe that educational
neuroengineering, combined with artificial
intelligence, can significantly improve teaching
and learning processes. II1.1.1.- Why? II1.2.- I
believe that the integration of artificial
intelligence with neurodidactics and educational
neuroengineering facilitates the transition to
more complex and flexible educational models.

[I1.2.1.- Why? 11.3.- Do I see myself
using neuroscience with educational
neuroengineering to solve complex problems
from a multi-method and multi-perspective
approach to solutions with the use of Artificial
Intelligence? 111.3.1.- Why?

II1.4.- T believe it is essential to identify
the neuroethical challenges associated with the
application of educational neuroengineering in
relation to the Proteus effect in educational
contexts. [11.4.1.- Why?

For the analysis of the results for the
quantitative approach, the SPSS programme is
used with descriptive statistics, frequencies and
percentages for the graphical representation of
relevant findings. Likewise, for the qualitative
approach, the categories established a priori in
the specific objectives will be used with the
Atlas.ti 9 programme. Creating a network of
words and code schemes.

Results

Seven of the participants who are familiar with
the contributions of neuroscience are classroom
teachers and one is an engineer. Of these, one has
a postdoctorate, two have doctorates, one has a
master's degree and three have bachelor's
degrees. Those who are unfamiliar with the
subject have master's degrees and bachelor's
degrees.
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Three are teachers, one is a preschool
director, two are lawyers and one is an engineer.
85.7% of participants are familiar with the
contributions of generative artificial intelligence
in education.

Only two participants, equivalent to
14.3%, are unfamiliar with it; they are a
preschool director and a telesecondary school
teacher. The prospective perception of
neurodidactics among CISET postgraduate
students on the use of artificial intelligence
combined with educational neuroengineering in
their professional practice as a facilitator for the
transition of teaching from complexity to
transcomplexity tells us about the benefits and
disadvantages of this use.

Among the benefits, they establish that
the use of these technological and mental
processes in subjects promotes attention, favours
teaching and learning, and develops
technological tools for meaningful and playful
learning.

By generating attention in students,
cognitive and metacognitive processes are
initiated that allow students to become interested
in the subject, understand the processes for
acquiring knowledge from their brain activity,
and generate knowledge linked to their neural
connections and brain structures through
neuroplasticity and brain adaptability. This
allows them to learn in a differentiated,
divergent, meaningful, and emotionally
connected way that is linked to their learning
style and brain maturity. Complexity shows us
that everything is interrelated, and the way in
which activities that stimulate or enhance certain
areas of the brain are developed will yield results
that enrich understanding, critical thinking, and
the use of multiple intelligences to reinvent
activities that modernise teaching styles in a
creative, humanistic, and down-to-earth way.

When evaluating the quantitative
perception of postgraduate students, educational
neuroengineering is integrated to solve complex
problems from multiple methods and
perspectives using adaptive artificial intelligence.
85.7% of participants are unaware of the
contributions of educational neuroengineering to
society, while only 14.3% are aware of it and
have a postdoctoral academic level with teaching
functions and are biochemical engineers.
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The use of neuroscience with educational
neuroengineering through a multi-method
approach allows teachers with an open and
flexible mind to understand students' learning
patterns and models from an integrative and
holistic perspective in order to establish different
functional methods depending on the situation to
be resolved. This line of thinking allows us to
learn how to apply different useful, innovative,
and even personalised tools to get to know
people and be able to serve them by providing
them with excellent service with dignity and
humanism.

The need to solve complex problems
from a holistic understanding refers to
integrating different points of view in order to
design, apply, and evaluate strategies that allow
goals and objectives to be achieved from a
humanistic worldview. They refer to the
importance of being open to using multiple
methods to integrate biological, neural,
cognitive, emotional, behavioural, cultural and
social processes, among others, for intercultural
learning for the development of transdisciplinary
projects.

These will be supported by the use of
neurodidactics for the development of
neuroeducational activities based on the analysis
of each individual with the support of tools used
by neuroengineering to understand the
metacognitive and emotional processes involved
in knowledge acquisition in students with the
help of artificial intelligence and technological
assistants such as chatbots.

Identify the prevalence of awareness of
the neuroethical challenges associated with the
application of educational neuroengineering in
relation to the Proteus effect in educational
contexts. It is observed that 78.6% of teachers,
engineers, lawyers and directors agree on
identifying neuroethical challenges, 14.3%
neither agree nor disagree because they are
unfamiliar with the subject, and 7.1% disagree,
although their response is contrary, arguing that
the future is changing.

Participants consider it essential to
understand the ethical use of digital citizenship
behaviours on platforms, applications, and
networks, as well as to take values into account
when resolving any personal or educational
issues, behaviours, relationships, and contexts.
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Conclusions

It is important to mention that generations are
changing, from Generation X, born between
1965 and 1979, aged between 46 and 60, to
millennials born between 1980 and 1994, aged
between 31 and 45, and generation Z or
centennials born between 1995 and 2009, aged
between 16 and 30, who currently make up the
working population; to generation alpha, born
between 2010 and 2024, aged 15 and under, who
are currently studying.

In addition, in 2025, the beta generation
will emerge, which will be in contact with the
Internet of Things [[oT]. It is therefore important
to address ethics in society in order to take care
of the information collected by technological
devices and the information shared by computer
networks, whether via the internet or other
means.

Hence the importance of valuing each
student's personality in order to protect their
personal data and make good use of their studies,
analyses and sensitive information to enhance
their cognitive abilities, skills and emotions
based on their study records provided by
neuroengineering to design, apply and evaluate
the impact of the activities carried out by the
student during the sessions.

From a usability perspective based on
human dignity and freedom of thought, this
avoids the Proteus effect, a classic conditioning
where a dissociation occurs between the real
physical world and the immersive digital virtual
world.

All of this leads to strengthening the
proper use of technology with topics such as
cybersecurity, values, and digital citizenship to
understand its usability and promote data
protection strategies and safe internet browsing.
Addressing neuroethical challenges in data
security and confidentiality, as well as the
storage of data in locations protected against
malicious computer systems.
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