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Abstract: This study analyzed the current situation of education in the context of the pandemic
caused by COVID-19. The worldwide health emergency situation has caused the confinement of
people and with it, the closure of centers and the transfer of face-to-face education to online
education. Faced with these facts, teachers have had to adapt at a dizzying pace not only to new
methodological approaches, but also to their own confinement, presenting high levels of stress. The
purpose of this study is to offer a proposal that optimizes the work of education professionals in the
current context of a pandemic through the use of Information and Communication Technologies
(ICT) under the novel approach of the contributions of neuroeducation in the field of managing
emotions and motivational processes, contributing to meaningful learning in students. The
symbiosis of ICT and neuroeducation can make a great contribution to the paradigm shift that is
taking place today.
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1. Introduction

The current context under the threat of the pandemic as a result of COVID-19 is causing a series
of transformations in the different spheres of social, political, labor, and economic life. Different
governments have launched emergency policy initiatives based on the suspension of classes and the
closure of educational centers to continue teaching activities from homes telematically through the
use of information and communication technologies to be able to stop the number of infections [1].
This study focused on the consequences of the pandemic in the field of education. Specifically, in the
paradigm shift that is assuming the transfer from face-to-face teaching to online teaching and how
education professionals must face adaptation to the new global context through the online modality,
a movement that has occurred and is occurring in a frantic and abrupt way. Consequently, education
professionals are carrying out a process of assimilation toward new circumstances with a few
difficulties, causing situations of high levels of stress. A survey of more than 10,000 teachers [2]
revealed that 92.8% of teachers suffered emotional exhaustion, stress, anguish, or anxiety due to
confinement and distance education. Excessive bureaucratic tasks, unclear instructions, lack of
support in teleworking, and lack of technical means were the main problems pointed out by teachers.
Possible difficulties facing such policies include poor online teaching infrastructure, lack of teacher
training, information gap, and complex home environment. To address the specific problem of
teacher training, this analysis suggests teacher training through a series of training guidelines [1].
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This analysis is based on the significant deficit in digital competence and knowledge of the use
of ICT by education professionals. This question becomes a crucial issue in the current context of
school closings and the necessary adaptation of online teaching. Different empirical studies have
reported the improved knowledge of teachers’ digital competence. In this sense, there are studies that
report an alarming difference between the competencies that teachers should have to develop digital
competence in their students and the ones they truly have [3]. This study has confirmed the existence
of an important gap in the teacher training in the use of ICT and its application in the classroom.

Other studies have revealed that teachers carry out continuous training throughout the
academic year and demonstrate skills in certain areas of digital teaching competence such as security
and communication, although there is still a deficit in the creation of digital content [4].

Another factor to consider is the teacher’s self-perception of the need for training in the use of
new technologies. On this matter, a previous study [5] reported that 50.0% perceived a medium need
and 37.0% a high need. Furthermore, the study showed that respondents who reported low
competence regarding digitization of teaching reported a statistically significantly higher need for
training.

A recent study on digital competence in future teachers that proposes a model for the
development of teacher digital competence based on the sociocultural approach [6] revealed a
medium level of development of digital competence and concluded that there was still much to do
in terms of teacher training in ICT, being necessary to provide strategies for the development of this
skill in their students.

The new educational panorama requires the taking of a series of measures, among which the
training needs of education professionals to facilitate the assimilation of the current context in which
online teaching and the use of ICTs stands out. The present study has a dual purpose: to manifest the
needs of training in the educational use of the ICTs of education professionals and, on the other hand,
to optimize the use of ICTs through the contributions made by neurosciences, and more specifically
from neuroeducation.

One novel approach includes the contributions of neuroeducation, a discipline that offers the
keys to understanding how the brain learns in order to apply them effective way in teaching.

The answer lies in knowing what neuroeducation is as a discipline that promotes integration
between educational sciences and neurology, where educators and neuroscientists develop
disciplines such as psychology, neuroscience, education, and cognitive science. In this way, the
teacher must have not only a solid training in their field of knowledge, but also basic knowledge in
neuroscience to produce an improvement in teaching methods and in different educational
programs.

To carry out this project, first, the current context of educational centers caused by the pandemic
situation will be analyzed, specifically, the closure of educational centers and, as a consequence, the
change from face-to-face teaching to online teaching through ICT. Subsequently, different measures
related to the necessary training of education professionals in this new context will be analyzed.
Finally, a work approach is proposed based on the contributions made by neuroeducation as a means
of optimizing and channeling the teaching and learning process in this new context.

Regarding the design and methodology of this research, first, a bibliographic search was
undertaken to know the current context derived from the pandemic and its derivations in the
educational field, highlighting the transfer of traditional teaching to online teaching as well as the
training need of teachers in the use of ICT. A proposal for the use of ICT was made from a
neuroeducational approach based on previous studies that point in that direction. Through an
inductive methodology, a series of conclusions based on different investigations and techniques such
as observation, demonstration, and experimentation were drawn up, which were reviewed in the
previous bibliography. On the other hand, from an analytical-synthetic perspective, the information
obtained both from the current health context, from the use of ICT by teachers and from the
contributions of neuroeducation to be related to each other, were analyzed individually to elaborate
a global synthesis that leads to connecting the different axes of the investigation and to obtain a series
of conclusions that link the use of ICT and neuroeducation.
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2. Analysis of the Current Educational Context during the Pandemic Caused by COVID-19

On 11 March 2020, the World Health Organization (WHO) declared that the infection caused by
the coronavirus COVID-19 had ceased to be an epidemic and had passed to the category of pandemic.
As of 12 May 2020, according to data from the COVID-19 Dashboard by the Center for Systems
Science and Engineering (CSSE) at Johns Hopkins University (JHU), more than 4.3 million cases of
the disease in more than 212 countries with more than 292,000 deaths and more than 1.6 million cases
of people recovered [7]. By continent, as of May 13, 2020, Europe with 1,675,742 affected and 155,762
deaths and North America with 1,544,436 affected and 93,190 deaths are the continents with the
highest figures followed by Asia with 701,532 infected and 22,851 deaths, and South America with
335,624 affected and 18,108 deaths [8].

One of the first decisions that the various governments made was to close educational centers.
A decision was made based on the indications of previous investigations [9] for pandemic situations,
and they concluded that the closure of educational centers together with the implementation of
measures such as the isolation of the sick or suspected ill in hospitals or residences, the ban on public
gatherings, and the closure of roads and rail lines were effective measures to slow the advance of a
pandemic. The report concluded that in the event of a pandemic, decision-making about non-
pharmaceutical interventions should be taken into account to implement the use of vaccines, drugs,
and prophylactic treatments, although only as a last resort and only for extremely lethal infections,
given the high damage to society. In addition, it is the circumstance that COVID-19 is transmitted
more easily among the child population than among adults and faster [10]. This behavior of the virus
in childhood reaffirms the decision to close schools. Along the same lines, another study by McMaster
University analyzed the consequences of the closure of schools for the treatment of a 2009 flu
epidemic in a region of Canada and concluded that this measure reduced contagion by 50% [11].

According to United Nations Educational, Scientific, and Cultural Organization (UNESCO) data
as of May 3, 2020, almost 1.2 billion students and youth around the world were affected by the closure
of schools and universities due to the outbreak of COVID-19 [12], representing 70% of this social
segment worldwide. This same body has analyzed the consequences of the closure of schools and has
established a series of arguments as to why it is a phenomenon of maximum urgency. Among the
consequences for children of confinement are the psychological effects, social isolation, difficulties in
accessing nutrition, and lack of physical exercise.

3. Consequences of Closing Schools during the Pandemic

The consequences of the closure of educational centers has affected the entire population
suffering from this situation caused by the pandemic situation, but even more so in the most
disadvantaged countries. According to UNESCO [12], there are a number of factors that are seriously
affected:

¢  Disruption of learning: Since the closure of schools implies a deprivation of the right to education
and to their own personal development. The more access to education is limited, the greater the
damage caused by the closure of educational centers.

* Food: As there are a large number of children and young people who only have the food they
receive in schools for free or at a minimal cost.

®  Poor training of parents for distance learning: This circumstance is due to the low educational
level of the parents, so that once again, the most disadvantaged families are harmed to a greater
extent.

®  Unequal access to information and communication technologies: The lack of resources, once
again, increases the digital divide, which leads to a difficult obstacle to overcome to access
learning from digital platforms.

®  Lack of childcare: As a result of parents having to leave the house to seek the livelihood of the
family, the children are left alone in the houses, and with it, a series of very negative
consequences arise.
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*  Economic consequences and increased unemployment: Parents with young children have to stay
at home to care for their children, which causes a loss of wages and damages the productivity of
the region.

®  The previous situation is further aggravated when it comes to health personnel who must leave
their job, which is very necessary in a pandemic situation.

e  After prolonged closure of schools, the possibility of the dropping out of students who do not
return after the closure order is completed increases.

Other international reports are positioned along the same line. This is the case of the
Organization of Ibero-American States for Education, Science, and Culture (OEI), which focuses on
the consequences of the closure of centers at the higher education level in three blocks [13]. First, the
effects on student learning. From this aspect, there have been investigations [14] showing that the
10% reduction in the duration of educational instruction decreases by 1.5% of the standard deviation,
although more recent studies have affirmed that with the use of Information and Communication
Technologies (ICT) under an appropriate approach, learning should not be impaired or diminished
by the interruption of face-to-face classes [15]. In fact, a meta-analysis was commissioned by the
United States Department of Education [16], in which virtual learning was compared to face-to-face
learning. The analysis was very conclusive and reported that the mean effect was a 24% higher
standard deviation for virtual learning. Second, the effects on future student wages. Regarding this
consequence, the decrease in salary stands out in those students who suffered a closure of their
training centers and consequently saw their level of learning decrease with the corresponding
downward labor remuneration [17]. Finally, the effects on the educational dropout rate. As already
mentioned, the closure of schools may result in an increase in dropout rates. This is how UNESCO
reports in its document on the adverse consequences of school closures caused by the COVID-19
pandemic [12] and other previous research [18] that have analyzed the achievement of students who
suffered a school closure.

In addition to all these elements, the pandemic has revealed a series of consequences that must
be taken into account at the educational management level. A recent report [19] highlighted several
problems facing the educational system. The pandemic has forced the immediate transfer of teaching
to the online modality without time to carry out authentic planning and a modification of the
curriculum design to adapt it to the online modality, which has led to “remote teaching of
emergency” [20]. On this matter, these researchers highlight that teachers and administrators must
take into account that students may not be able to attend online training immediately, resulting in an
untimely delivery of assignments. For this reason, flexibility with deadlines for assignments within
courses, course policies, and institutional policies should be considered. An example of this is the
action plan carried out by the United States Department of Education [16] that has relaxed some of
the requirements and policies against COVID-19 such as content adaptation, flexibility in evaluation
criteria, or the adaptation of methodological elements to online teaching. In this crisis situation, it is
necessary to carry out a deep reflection on the evaluation and promotion processes of the students
and take into account the collateral effects that a drastic increase in the number of students who
would have to repeat the subjects would cause.

4. Working during COVID-19: Training Needs of Teachers in the Face of a Paradigm Shift

Faced with such exceptional circumstances caused by the pandemic as a result of COVID-19, in
a context in which schools have closed their doors in 185 countries and government administrations
have ordered the transition to the tele-training of students, it has manifested the need to train teaching
staff in the use of different technological tools, in order to adapt the different elements of the
curriculum to the new context of a pandemic. We are facing a change in the educational paradigm in
which online training through ICT has ceased to be an option in the teaching methodology and has
become a necessity in these times of pandemic in order to continue with the student learning process.

The World Education Monitoring Report [21] concludes that only 40% of adults in upper—
middle-income countries are able to send an email with an attachment. Recent research shows deficits
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in relation to digital competence and low-medium teacher training, although teaching staff showed
a positive attitude toward ICT [22]

On the other hand, there is also another essential question so that the professional work of
teachers can be adapted to online education. It is the fact of how prepared schools are to face these
changes toward virtual teaching. On this matter, the 2018 PISA report reported the results of a survey
carried out on the management of educational centers. The survey reflected that between 30% and
80% had the professional skills and resources to learn how to integrate digital devices into teaching.
The countries that stood out the most were fundamentally South Korea, the Nordic countries,
Canada, and the United States, with proportions between 70 and 80% [19].

The sudden metamorphosis of teaching activity from the face-to-face model to the online
modality reveals the existence of three gaps [23]: the access gap (having or not having access to
connection and technological devices); the use gap (time of use and its quality); and the gap in teacher
skills, availability of resources, and adaptation of online platforms to support teaching). This digital
gap makes the distances between families with more and less resources ever greater, as is occurring
during the period of confinement [19].

Technologies and, particularly in recent years, the Internet, have influenced the way of learning,
working, and socializing by modifying the concept of distance and time in access to information. This
reality has required the development of new personal, social, and professional skills. In this sense,
transforming information into knowledge requires reasoning skills to organize information, relate it,
analyze it, synthesize it, and make inferences and deductions of different levels of complexity [24].

Another study [25] analyzed the experiences and methodological conceptions of teachers in
primary education on collaborative learning with WebQuests and MOOCs (Massive Online Open
Courses) in the curricular area of Social Sciences. The results obtained demonstrate the educational
need to transfer and integrate, in an operational and functional way, the progress and generalization
of Information and Communication Technologies in teacher training curricula. Specifically, the
research reported low or very low values in the teaching staff in relation to the knowledge of the
technological resources along the line of other investigations [26,27].

On the other hand, several investigations have pointed to a series of factors that are present
when teachers face the inclusion of the technologies and apply them in their teaching work. These
are [28]:

e The high motivation that teachers present for increasing their competence in the use of
technologies.

* A perception of poor knowledge in the use of technologies.

*  Despite the large number of training activities, the competence in the use of technologies has not
improved sufficiently.

® The teacher has the perception that their competence is greater in tools denominated as
traditional than in the management of the technologies.

On the other hand, teaching staff, as a teaching worker, must also adapt their work
methodology, which implies carrying out a training process that serves as a guide to assimilate the
context caused by the coronavirus crisis. In this sense, it is necessary to approach teacher training in
the use of ICT in two lines of work: firstly, the acquisition of different levels of competence of teachers
in ICT and, on the other hand, the improvement in a series of pedagogical, social, ethical, legal,
technical, and school and school management [28].

As for the first proposal, we assumed the line of Segura, Candioti, and Medina [29], who exposed
the different levels of training that teachers can achieve with respect to their competence of the use
of ICT. These are: basic, referring to those competencies that are necessary for the performance to be
developed; advanced, referring to the competences necessary for a work with greater autonomy and
creativity; and specific, referring to the level of competence required for the performance of specific
teaching positions and that requires mastering specific applications.

Regarding the second proposal in teacher training in the use of ICTs, [28] established the
following dimensions to be addressed in teacher training: instrumental, acquiring minimal
competition in the use of ICT; to master of the own language of the ICT to carry out the codification
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and decoding of messages; curricular, any medium is susceptible to be included in the teaching
program; pragmatic, to know how to differentiate the purpose of each medium with respect to the
proposed objectives; psychological, to recognize that ICT can develop specific cognitive skills; a
producer and designer to facilitate the teacher to achieve levels of competence that will make them a
designer of educational applications; selection and evaluation oriented toward the acquisition of
selection and evaluation capacity; critical to contribute to a realistic perception of the use of ICT;
organizational, which contributes to reach the objectives set; attitudinal, to foster positive attitudes
in the use of ICT by students; researcher, to make teachers aware that this not only applies to the
technologies in the classroom, but also can be an innovative agent; and communicative, to be able to
create various communication scenarios.

5. The Optimization of the Use of Information and Communication Technologies (ICT) under the
Focus of the Contributions of Neuroeducation

Neurosciences are developing investigations focused on the neural bases of learning, memory,
emotions, and different functions of the brain, the results of which have high applicability in the field
of learning [30]. This is because the foundation of neuroeducation is a concept called brain plasticity,
which is the brain’s ability to physically change to adapt to stimuli and habits in ways that are useful
to the individual. In this sense, learning and emotion are very close. Thus, in meaningful learning,
relevant information is linked with sensations and feelings linked to pleasure that make us internalize
them earlier. In this way, neuroeducation emphasizes the need to use an emotional approach both in
classrooms and in any educational context. According to these authors, neuroeducation is a new
discipline that relies on the contributions of neuroscience, cognitive psychology, and education
sciences to create a better understanding of how a human being is capable of learning and how this
information can be applied to create teaching methods as well as plan more effective study and
educational policies. Neuroeducation deals with the study of the different stimuli that the student
perceives in the teaching-learning process, through the senses, to give rise to meaningful learning. In
short, the use of ICT from a neuroeducational approach would allow greater profitability in terms of
learning in the current context of the crisis caused by the coronavirus, in which online training is
proving to be a feasible solution in the context of the closure of educational centers. The integration
of ICT and the contributions of neuroeducation, neuroscience, and educational neuro-technology
help the student to build their own learning strategies through new paradigms that facilitate learning
processes in the context of online teaching [31]. This is because the significant learning processes are
based on brain operations, the results of which change the circuits of the brain. Neuroeducation deals
precisely with the study of the optimization of learning based on brain development. This
interdisciplinary approach between ICT and neuroeducation facilitates meaningful learning by
creating interactive learning spaces in which the presentation of content through the innovative
possibilities offered by ICT in online teaching offers teacher—student interactivity that arouses the
interest of the students. This situation causes the connection between neurons or the
neurotransmission process, that is, the transmission of information from one neuron to another
neuron, to obtain effective results when explaining the new content.

In the previous bibliography, experiences could be found that were focused on the symbiosis of
neuroeducation and the application of ICT. This was the case of the use of augmented reality as a
recreational pedagogical tool to optimize significant learning processes based on stimulation linked
to emotions and sensory stimulation [32]. This tool produces a series of chemical substances that
stimulate the act of learning. This research concluded that the use of augmented reality stimulated
the senses, increasing the levels of attention in students. Likewise, it was reported that this
technological tool improved the transmission of information in an interactive and playful way. With
this, the students enriched their learning experiences based on emotional empathy.

Along the same lines, there is research aimed at interconnecting the disciplines of education-
ICT-neuroscience through learning games [33]. These authors developed a design-based research
approach to the development of learning technology supported by neuroscience. Specifically, the
study proposal allowed teachers to carry out teaching using a game-based approach and its
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neuroscientific implications. For these authors, the brain’s reward system is based on the fact that the
brain is motivated through stimuli such as winning points in a game. This activity involves the
absorption of the neurotransmitter called dopamine in the midbrain regions and this would imply
greater motivation for the activity in question. This reward system has provided a new
understanding of the educational potential of learning games and the cognitive and neural processes
underlying the neural process. To do this, a multidisciplinary team designed a computer application
that took into account neuroeducational theory that explains the behavior of the human brain when
faced with stimuli such as play, the teachers’ knowledge based on practical experiences in the
classroom, and the design and use of ICT. Therefore, the conclusions derived from this study were
assumed. It is proposed to include learning activities based on games through the use of ICT and that
responds to the information provided by the neurosciences such as the brain stimulation due to these
types of activities aimed at meaningful learning.

In relation to the learning environment and motivation of students, Barattucci and Bocciolesi
[34] analyzed the use of phenomenology in the Student Learning Perspective (SLP), affirming that
students’ perceptions of the learning environment, in light of their motivations and expectations,
determine how situational factors influence approaches to learning outcomes. This approach
provides not only a contextualized interpretation of learning phenomena, but also offers relevant
information for the development of a teaching strategy that can improve the learning experience of
students.

Along this line, Barattucci [35] carried out a study in which he stated that there were no systemic
reference models that consider environmental variables in online learning and offers an integrated
model to evaluate the contribution of different variables in predicting the performance of distance
learning students. In the model proposed by the author, variables such as perception of the physical
learning environment, perception of course design, and personal variables are established as
predictors of student performance.

Regarding the high motivation of teachers to increase their competence in the use of
technologies, the study carried out by Santisi, Magnano, Platania, and Ramaci [36] on the transition
from university to work considered that some psychological resources and skills were involved
specifically to achieve further professional training. The authors concluded that academic satisfaction
had a direct effect on confidence in the process of transition to the professional field and is a predictor
of the professional identity of preparation for professional transitions. Consequently, for these
authors, increasing motivation influences the development of knowledge and skills.

On the other hand, the use of ICT also involves constructivist-based learning since its use gives
students control over their own learning through self-regulatory mechanisms that are set in motion
under precise stimulation [37]. When significant learning is carried out through various brain
operations, modifications occur at the level of the brain circuits. In this way, neuroeducation provides
the necessary tools for the student to optimize the brain’s potential more effectively.

Despite the fact that ICTs are constantly being updated, most of the traditional platforms are
oriented to content, content administration, and the application of teacher-centered methodologies
[38]. Therefore, a review of online learning is necessary that is capable of combining technological
advances and the principles of neuroeducation focused on students, which can stimulate
motivational processes toward meaningful learning.

6. Conclusions

The pandemic caused by the COVID-19 disease is leaving devastating consequences in society
from a social, health, political, educational, and labor point of view. In the educational field, a
paradigm shift is going on that goes beyond the merely methodological. The fact that different
educational administrations have had to carry out a transfer of the educational system from face-to-
face teaching to online teaching at a speed of real urgency is causing the use of ICT to have gone from
being one more methodological resource to a necessary solution so that the teaching and learning
process is not interrupted, thus avoiding the collapse of educational systems worldwide. This has
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been an educational, but also a health measure since the closure of schools and the adoption of online
education would help stop the spread of the pandemic [39].

For this reason, the transformations that are taking place are affecting the teaching profession
itself, while education professionals must adapt to the new situation. The teacher’s role in the
effective use of ICT tools in the teaching—learning process after the COVID-19 crisis is essential [36],
For this, teachers have to have training that leads to them assimilating the pedagogical uses of ICT.
In this way, the generation of new learning styles would be facilitated. On the other hand, for the
learning to be more effective, a proposal that has been put forward is to lean on the discipline of
neuroeducation through the management of emotions and at the same time, optimize the academic
performance of students and work of teaching professionals. In this way, knowledge of the brain
provides essential information that can facilitate meaningful learning through emotions. In fact,
previous research [40] has shown the activation of cerebral regions of the right hemisphere such as
the lingual gyrus, the posterior hippocampal gyrus, the anterior hippocampal gyrus, and the fusiform
gyrus when faced with positive emotional stimuli; these are areas whose neurocircuits are involved
in the facilitation of memory processes. This directly impacts the need of the educational system to
generate school climates that promote respect and positive emotions, in order to facilitate learning
processes.

Along the line of other authors [19], a series of measures were assumed that must precede the
proposal presented such as the provision of material resources (especially technological devices) and
human resources as well as the reformulation of the elements of curricula including evaluation
processes.

Faced with this pandemic situation, online teaching, as has been described throughout the
article, is becoming a solution in order to continue with the development of academic curricula. It
should be noted that this type of teaching modality has its pros and cons that must be paid attention
to. As advantages, the flexibility of schedules and spaces stands out, but collaborative work with
participation and interaction through forums, chat, and other tools requires great discipline and
organization as well as a high degree of individualized follow-up by the teacher. As cons, the
socialization factor can be highlighted due to the lack of social interaction with classmates and
teachers, the lack of technological knowledge necessary to face this type of teaching, the quality of
technological means and tools, and a higher performance and dedication of time in students with the
continuous delivery of activities, but also in the teachers with the resolution of doubts and correction
of works permanently to control the learning process of the students.

These are measures that fall not only on political leaders or teachers and school leaders, but also
on families themselves. This shows that, like the fight against COVID-19, this is a shared
responsibility.
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