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Abstact

In recent years, music education in Ibero-America has been losing ground within
the school environment in favor of the development of curricular systems that
benefit academic results in standardized tests. Despite this, several studies in the
field of cognitive neurosciences have found evidence of great relevance and in
which it can be observed how music education can favor cognitive development
and performance in practically all stages of human development, with important
results in language tasks, attention, and executive functions such as planning,
inhibition, cognitive flexibility and working memory.
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Introduction

In the course of the last two decades, science has been delivering significant results regarding
the positive impact of music education both in behavior and in the development of cognitive
skills (attention, language, reasoning, logical, critical and mathematical thinking, planning,
inhibition of emotions and working memory, among others) of human beings in practically
all stages of development. Despite this, in Mexico and much of Latin America, music
education, although not completely out of the curriculum, has gradually been distorted in
favor of a complete arts education (dance, visual arts, theater), in which, teachers, in certain
cases, before the given requirements of the educational institutions, end up opting for one or
another artistic activity, approaching music sporadically and almost superficially. This,
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without counting all those cases in which the music or arts class ends up in the hands of the
teachers in charge of the areas of physical activity and sports or religion.

Numerous music educators and researchers have highlighted the importance of music
education in the critical and reflective formation of school-age children, facilitating the
development and enrichment of the mind and personality (Gamboa, 2016), despite this, the
lack of information about the contributions of science regarding the benefits of music
education in the neurocognitive and behavioral development of human beings, could become
critical when addressing projects focused on formal music education processes.

Therefore, in order to begin to understand and delimit the role of music education in the
neurocognitive development of human beings, it is important to begin to understand what
some of these mental processes are and how they work, among them, the executive functions.

Executive functions

One of the qualities that separates human beings from the rest of the animal species is the
ability to control their instincts or innate behaviors through the inhibition of their emotions
with respect to their plans, goals and rules (Grange and Houghton, 2014). This set of mental
tools that make personal independence and emotional self-regulation possible (Barkley,
2012; Zuk, Benjamin, Kenyon, & Gaab, 2014), are commonly referred to as executive
functions (EF's). And although EF's do not have a universally agreed definition, as they have
with certain constructs and principles of learning (Kalbfleish, 2017), they can, roughly
speaking, be understood as a series of neurobiological processes (Garcia-Molina et al., 2009)
or multidimensional cognitive constructs that enable the gain of strategic control over mental
processes (Bowmer et al., 2018) related to tasks of planning, reasoning, decision making,
cognitive flexibility, working memory (Jaschke et al., 2018) and inhibition, all of them,
indispensable tools in the daily life of human beings (Dominguez et al., 2020). Another
mental ability that is strongly related to the concept of EF's, is the construct of metacognition
(Lazarus and Ostrosky-Solis, 2012) and that is, in short, the ability of human beings to be
aware of information processing by constantly monitoring to the cognitive processes required
for one or different tasks (Bowmer et al., 2018). In other words, the human ability to form
and integrate complex ideas about oneself or another people (Hochheiser et al., 2019).

The development of EF's is related to the maturation of certain areas of the frontal lobes
(Johnson et al., 2009), particularly the prefrontal cortex (PFC), a structure strongly linked to
complex behaviors and characterized by rapid growth during early childhood (Bowmer et al.,
2018). In a study conducted by Tillman et al. (2015) in children between five and seven years
of age with Attention Deficit Hyperactivity Disorder (ADHD), it was observed that the
development of the EF's occurs in a hierarchical manner, due to a possible correlation of
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processes, which would start with the ability to inhibit behaviors from six months, to planning
and decision making whose development usually lengthen until well into adulthood.

In several studies of EF's, it has been possible to observe the correlation of processes
mentioned by Tillman et al. (2015), as in the case of Brocki et al. (2015) who, in studies in
children aged eight to 12 years, found a correlation between better results in inhibition and
attention tasks, with better performance in working memory tasks four years later. Similarly,
Moffitt and Gottschalk, (2011) in a longitudinal study in which they evaluated the
performance of children between the ages of three and 11 in EF’s tasks, observed that lower
performances in inhibition tasks were strongly related to lower income, deteriorated health
status, violent behaviors and high crime rates up to 30 years later. Now, while these data are
interesting, making such predictions based on early judgments could lead to unstable
constructs (Mulder, Verhagen, Van der Ven, Slot, & Leseman, 2017), based on EF's studies
in children under three years is relatively scarce (Garon, Smith, & Bryson, 2014).

Inhibitory control or inhibition is one of the executive functions of the brain that focuses on
the intentional and voluntary control of behaviors, that is, the ability to modulate instinctive
responses (Hennessy et al., 2019), preventing the interference of little or no important
information before responses already underway (Dominguez, 2020), suppressing information
that, despite the ability to bring short-term pleasure, is not relevant to the task in progress or
to be performed (Rubiales et al., 2013). In children, the development of inhibitory control is
a particularly difficult skill to achieve, despite this, it has been seen that, it is from six months
of age when they begin to give the first signs of inhibitory control (Bowmer et al., 2018).
Although it is from the age of two and a half years that they are ready to inhibit incompatible
objects no matter how predominant they are, a task that will reach up to 90% accuracy from
the age of three years (Geradi-Caulton, 2000).

Planning is the ability to generate efficient and useful responses in a wide range of situations
in order to satisfy one's own needs or those of the environment based on stimuli, knowledge
and experiences (Kaller et al., 2011). And although planning is a mental ability of long
development, it has been seen that it is from the age of four when children begin to show
signs of skill in situations or tasks that involve planning solutions to certain types of problems
(Welsh et al., 1991), as is often the case during playtime, despite this, their strategies are not
usually entirely effective, since it is between seven and 11 years of age when strategic
behaviors and reasoning skills, necessary for effective planning, become more organized
(Anderson, Anderson and Garth, 2001).

Working memory is a useful neural tool in the processes of storage and temporal
manipulation of information in the brain and is extremely useful in the processes of language
comprehension, reasoning, learning and music processing (Van de Cavey and Hartsuiker,
2016). Although there are different positions regarding working memory, some researchers
argue that the difference between working memory and short-term memory lies in the fact
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that short-term memory is a passive storage device of information, unlike working memory
that allows the manipulation, comparison and contrast of information (Baddeley, 2012)
coming from each of the sensory inputs (Etchepareborda and Abad-Mas, 2005) in order to
create structural representations (Van de Cavey and Hartsuiker, 2016). For Baddeley (1983),
working memory is active, limited and susceptible to interruptions, but it is this susceptibility
that tinges it with the flexibility that characterizes it, since it is only because of it that human
beings harbor the ability to perceive new information constantly.

There are different reasons why EF's have been considered important tools in practically all
aspects of life, one of them is due to the close relationship they have with academic
performance and achievement in both children and adults (Barkley, 2012; Zuk et al., 2014),
benefiting the disposition to learn (Bowmer et al., 2018; Diamond, 2013; Mulder et al., 2017).
And another, to the possible relationship that seems to exist between the performance of EF's
at early ages and higher probabilities of economic and professional success during adulthood
(Hennessy et al., 2019).

Thus, it can be said that executive functions are mental tools or neurobiological processes
that enable the development of vital tasks in the daily life of human beings, favoring the
readiness to learn.

Music education in Ibero-America

Music class is an area that, in general, is contemplated within the curricula of compulsory
education in most Western countries (Carrigo aguilera, Viladot Vallverdu, Pérez-Moreno,
2017). Despite this, in many educational systems, at least at the Ibero-American level, music
education is in a moment of crisis, since, curricular models in some countries have given
priority to certain subjects to the detriment of others that, in some way, are considered less
important or secondary; such is the case of music education (Pefialba, 2017). For example,
although during the 1990s, in Spain, the teaching of music was generalized in the compulsory
educational stages, with the appearance of the Organic Law For The Improvement Of
Educational Quality (LOMCE, Jefatura del Estado, 2013), music education was established
as an optional area in the curriculum of elementary and secondary education, which
introduces the possibility that students conclude their compulsory education without having
experienced any kind of musical practice in a formal way (Carrillo Aguilera et al., 2017).
This, in part, could be a consequence of the decadence of the educational institution
(Alvarado, 2018) because of a system founded on neoliberal pragmatism (Schipper, 2014).
Reason why states, in economics’ crisis times, firsthand, favor the financial system before
social interests (Davies, 2014). Despite this, music education could be losing strength within
schools due to the fact that, educational systems, favor or defend curricular models focused
on improving academic results based on standardized tests (Arostegui, 2016), as may well be
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the case of the PISA (Programme for International Student Assessment) tests, which
evaluates three areas of knowledge: Science, Reading and Mathematics (OECD, 2020);
TIMMS (Trend in International Mathematics and Science Study) which evaluates
mathematics and science; PIRLS (Progress in International Reading Literacy Study) which
evaluates reading comprehension (TIMMS & PIRLS, 2020); or the SABER tests of the
Colombian Institute for the Promotion of Higher Education (ICFES), which evaluate year
after year the performance of students in primary and secondary school in areas of language,
mathematics, natural sciences and citizenship competencies (Mineducacion, 2020). All this
undoubtedly has a negative impact on the allocation of resources to music education.

The role of music education in the performance of executive functions

Music is probably one of the tools that most favors the neurocognitive development of human
beings, with visible evidence both at the cortical and behavioral levels. But, although the
term music can be understood as "listening to music”, on this occasion, | will use the word
music in strict reference to music training, that is, to the formal study of music. However, it
is worth mentioning that Jascheke et al, (2018a), reports that, in enriched environments in
which 176 children listened to music at home, during playtime or in concert halls, and to
whom the verbal intelligence section of the Wechsler Intelligence Scale (WISC I11) and some
other executive function tasks such as planning (Tower of London) were applied, working
memory (Matrix backward span), inhibition (Go/no-Go task) and short-term memory tasks
(Klingberg Matrix forward span), it was observed that none of the applied analyses yielded
significant results between exposure to musically enriched environments and executive
function or short-term memory tasks. Therefore, listening to music is not related to
improvements in the performance of executive function tasks. However, it has been shown
that listening to music could be related to improvements in the performance of verbal
intelligence skills, as well as changes in the functional and structural connectivity of the brain
of untimely babies, particularly in the posterior cingulate cortex (Haslbeck et al., 2020).

In several studies in which the effect of music training on the performance of EF’s in school-
aged children has been studied, it has been found that, in all cases, the groups of participants
who received music lessons showed better performance in tasks of inhibitory control,
cognitive flexibility, working memory and planning. For example, in a study conducted by
Guo et al. (2018) in children aged six to eight years to whom a 12-session music training was
applied over six weeks, it was observed that, compared to a control group, all children who
were part of the music training, achieved better scores in working memory tasks. Similarly,
it has been shown that systematic extracurricular musical training is associated with changes
in cognitive control networks in the brain, even in the absence of changes in behavioral
performance (Sachs et al., 2017). Similarly, Shen et al., (2019) observed that, after a 12-week
music training, in which, children in the experimental group received classes in music theory,
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singing, dancing and some role-playing, they performed better on tests of inhibitory control,
working memory and cognitive flexibility compared to the control group that maintained
their academic activities without any changes. And although they noted the important role of
music training in the performance of EF's, they managed to observe that, in a new evaluation
of EF's 12 weeks after the end of the intervention, the results persisted. Therefore, the effects
of integrated musical training on the performance of certain executive processes could have
a long-term permanence. Similarly, a positive influence of long-term music education on
certain cognitive skills such as inhibition and planning has been seen (Jaschke et al., 2018b).

And while there are opposing views among some researchers and music educators regarding
the potential benefits of music training that usually occurs within a musical grouping, either
band or symphony orchestra, Fassano et al., (2019) in a study conducted on 113 children
aged eight to 10 years in Italy, observed that, after 3 months of orchestral music training,
consisting of two hours per week and a final concert, in which, all children were administered
with tests and questionnaires of inhibitory control and hyperactivity at the beginning and at
the end, the 55 children in the sample group, at the end of the experiment, had a significant
improvement in inhibitory control tasks compared to the control group. Therefore, an intense
or a brief orchestral musical training, is more than enough to facilitate the development of
inhibitory control (Fassano et al., 2019). Similarly, learning to play a musical instrument over
several weeks has been found to be beneficial in the development of working memory in
children (Guo et al., 2018). Similarly, learning to play an instrument at an early age, could
predict academic performance and intelligence quotient (IQ) in early adulthood
(Miendlarzewska and Trost, 2014). And while, various research has demonstrated the
benefits of studying music on the development of EF's, many of these have been seen
particularly in childhood (Criscuolo et al., 2019). In a study carried out in the United
Kingdom in three- and four-years old’s children, in which the effects of weekly music
training were studied, Bowmer et al., (2018), observed that the children who were part of the
sample group and who received eight weekly music lessons by specialist teachers in the
musical area, improved their mental abilities in terms of inhibition and planning tasks, with
respect to the two control groups that remained with their usual play activities in the nursery.

Jaschke et al., (2018b), in a longitudinal study of two and a half years in which the
performance of inhibitory control, planning and verbal intelligence skills was evaluated in
147 elementary school children randomly divided into four groups, two musical, one visual
arts and a control group, observed that there was a significant increase in the scores of
children belonging to the musical groups compared to the other two groups. This not only
supports the existing theoretical foundation between the benefits of studying music and
performance in executive function tasks, but, in a certain way, could favor academic
performance. This, based on the fact that, mediation analyses between executive functions
and verbal 1Q as mediators of academic performance have shown a possible distant transfer
effect from executive subfunction to academic performance scores (Jaschke et al., 2018b).
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Conclusions

Cognitive neurosciences, in the course of the last decades, have made great findings
regarding to the manifold benefits that an early music education can induce in the behavioral
and cognitive development of human beings, significantly improving the performance of all
those processes related to executive function tasks (inhibitory control, planning, cognitive
flexibility and working memory) and some other cognitive processes related to language, for
example, reading comprehension.

Now, although music education is not going through its best moment in Ibero-America, as it
has been relegated in favor of areas included in certain standardized evaluation models, this
is not because music education, especially in the basic education grades, is not relevant within
the educational field, but because of the lack of information that exists both in the entities in
charge of the curricular regulation of the educational systems and in the educational
institutions that favor mass storage of information over understanding and analysis of the
information that is stored, and, in many cases, to the music educators themselves who, for
one reason or another, are unaware of the relevance of their role within the school
environment and the neurocognitive development of human beings. Based on various studies
and research, it has been corroborated that music favors performance in areas such as reading
comprehension, the acquisition of a second language, logical and critical thinking, and
decision making. In conclusion, if early performance in executive function tasks could be
related to higher probabilities of future success, and music education favors the development
of EF's, musical training, would not only favor the behavioral and cognitive development of
children, but could maintain a relationship with social and personal success during adulthood.
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