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Executive Summary

Physical exercise has beneficial effects on brain health.
Neuroplasticity is the basis of learning and memory, and physical exercise influences the neuroplasticity.
Physical exercise positively modulates attention, anxiety, mood, emotions, and other variables that are known to influence
cognition and learning.
Acute physical exercise has different effects compared chronic physical exercise, and it can be an effective strategy to
improve learning if it is properly implemented.
The adoption of long-life regular physical exercise practice should be stimulated in school.

Introduction
The benefits of physical exercise for health are well known. A lot of evidence support the effects of exercise on cardiovascular,
endocrine, respiratory and other body systems’ functions. In the last years, the effects of regular physical exercise on the brain
has been widely studied, and the positive effects of exercise on brain function have been well- established[1,2].
Regular physical exercise requires the regular exercise practice. Besides the frequency of practice, the type, intensity and
duration of exercise have differential effects on brain function[3]. Prioritizing regular physical exercise can be challenging, but it
should be seen as an important goal and should be stimulated from early in life and included in educational contexts.
The neurobiological basis of learning and memory
Facilitation of learning is often considered the main objective of teachers. In view of this, it is important that they know the
neurobiological basis of learning and memory. This knowledge can empower teachers to adopt a more evidence-informed
practice[4].

Fig 1. Memory corresponds to the encoding, consolidation and recall of
information.

Learning involves the encoding stage of memory (figure 1). We can define learning as the acquisition of information from the
experiences and environment. This information can be maintained for some time, and maybe be recalled latter, so, it requires
the storage of information in the brain (consolidation of memory); in other words, learning can be consider as an initial phase
necessary to memory formation[5].

Fig 2. Learning corresponds to the activation of synapses by one stimulus from the
environment/experience, changing the connections between neurons.

Neurons and glial cells compose our brain. The neurons are the most studied brain cell, clearly involved in the learning and
memory processes. The neurons communicated to each other by synapses. In neurobiological terms, we could say that
learning corresponds to the activation of synapses by one stimulus from the environment/experience, strengthening or
weakening the connections between neurons (figure 2). According the stimulus, it can lead to permanent changes in the
activated synapses, promoting modifications and synapses stabilization (so, the information is stored in these synapses).
Later, if an related stimulus is received, this synapse can be activated to memory recall. The brain and neurons ability to
change (temporary or permanently) from stimulation is called neuroplasticity, and can occur in different levels, from neuronal
molecules to whole brain[5].
Physical exercise, neuroplasticity and brain health
Basic and applied neuroscience research conducted both through the use of animal models as well as with human
participants has revealed that physical exercise has positive effects on learning, memory and on brain health in general,
improving brain blood supply, synaptic transmission, neurotrophic factors, and others[1,2,6-8].
There are different mechanisms by which physical exercise influences the brain health (figure 3):

Fig 3. Regular physical exercise influences the brain health by multiple ways.

Promotion of neurogenesis, which means the production of new neuronal cells, mainly in hippocampus[i][1];
Stimulation of peripheral factors that cross the blood-brain barrier and act in the brain, as glucocorticoids, estrogen,
endorphins and growing factors[1] – these substances influence brain neuroplasticity[9-10];
Promotion of Long-Term Potentiation (LTP), a lasting improvement in synaptic transmission that is considered the basis of
memory consolidation and is highly related to neuroplasticity[11,12];
Stimulation of plasticity-related genes and proteins, as the Brain-Derived Neurotropic Factor, a member of the
neurotrophin family of growth factors, related to neuronal survival, neuroplasticity and neurogenesis[1];
Promotion of neuronal connectivity (synaptic) changes[1];
Promotion of angiogenesis, it is, production of new blood vessels, which guarantee blood flux and energy substrate to
brain cells[13];
Induction of endogenous antioxidant defences, which protects the brain and reduces the risk of diseases in general[14];
Stimulation of neurotransmitters systems, which can results in a more efficient synaptic transmission[1,15].

Considering these different mechanisms by which physical exercise can promote learning and memory improvements. But
which form of exercise has shown to have the largest benefits when it comes to improving memory functions? Is it Aerobic
(running, swimming) or anaerobic (force, coordination, balance) exercise? Currently, it is hard to provide a clear answer to this
question as most of the research on the effects of exercise on cognition and the brain has focussed on the effects of aerobic
physical exercise and less is known about the effects of anaerobic exercise. So, what is possible affirm is that aerobic regular
physical exercise can promote brain health and learning benefits[1,2,6,8,11,15]. It is important remember, however, that, besides the
type of exercise, the frequency of practice, the intensity and the duration influence its effects on brain[3]. To have positive
learning modulation the exercise practice should be regular (at least 2-3 times per week) and with moderate to high
intensity[3]. Furthermore, aerobic physical exercise has been investigated as a neuroprotective strategy in models of aging and
neurodegenerative disease; the evidences suggest that it can protect the brain, decreasing the velocity of neuron loss and
memory decline related to aging and neurodegenerative diseases[3,7]. In fact, research suggest that physical exercise should
be practiced across the lifespan since this will contribute to better brain health and function and could protect against/lessen
the probability of the onset of neurodegenerative diseases.
Other benefit of physical exercise to the brain
Beyond the effects of physical exercise on neuroplasticity that are directly related to learning and memory improvements, it is
important consider that exercise can modulate other cognitive functions that are important to memory processes success, as
attention, anxiety, mood, emotions, and others.
Educational spaces, like schools, should be environments that promote positive emotions and mental states, in such a away
that they contribute to leaning and memory formation[16,17]. However, frequently students present with stress, anxiety, attention
deficits, poor sleep quality or lack of sleep, which could be related to exams and tests, uncertainties about the future, bullying,
and others[18-20].
Physical exercise may help with such difficulties, since it is well known to be associated with decreases in anxiety and
stress[20]; physical exercise has also been shown to promote positive mood and well being, arguably because exercise is
known to induce the release of endorphin and serotonin[ii][21]; has a positive effect on attention states[iii] and executive
functions[iv][22]; improves the sleep quality[23]; and others. Additionally, research has shown that chronic physical activity
programs are associated with positive effects on preadolescent children academic performance[22,24]. Furthermore, brief
periods of physical exercise periods are associated with positive changes in the attention of students[24]. So, these are
additional benefits of exercise to brain function that can potentiate the learning processes.

Acute physical exercise and possible effects on learning
Although the effects of regular (chronic) aerobic physical exercise on learning and memory has been the focus of research in
this area, recently some researchers have begun to investigate the effects of acute exercise (just one physical exercise session,
for example) on cognitive functions. These researchers generally use a one physical exercise session in a learning context,
before or after a learning session, with the intention to improve learning quality and memory consolidation.
Studies using animal models to study the effects of exercise as well as research with human adults and the ageing population
have revealed that a single physical exercise session can improve the learning, promoting a better memory, that persists for a
longer time[15,25-26]; in general, most of these studies promote an exercise session immediately after a learning session. The
effects of this type of strategy involves the modulation of learning quality; with a better learning we can promote a better
memory consolidation, so, the studies investigating the effects of this type of intervention have seen persistent effects on
learning and memory[15,25-26]. For example, a weak memory, that normally persist for 24h on rodents, persists for al least 21 days
if an physical exercise session was performed after the task learning session[15].
The neural mechanisms underline the effects of acute exercise are still being investigated, but some evidence suggest that
they involve the induction or increase of some neurotransmitter[v] release (peripheral and on brain), as norepinephrine and
dopamine (these neurotransmitters are also related to memory persistence, i.e., when they are release by neural pathways
they help to promote better memory consolidation)[15,26], as all as changes in growth factors[vi], and neuromodulators[vii][25]. All
these changes help to improve the brain activation, the neurons communication and the neuroplasticity, so, influence the
learning and memory, qualifying these processes. Additionally, these changes can modulate cognitive processes, as attention[
25], what can explain the acute physical exercise effects on learning improvement.
Considering this set of findings, it is interesting to consider acute physical exercise as a strategy for improving learning when it
is properly implemented nearly to a learning experience. In educational contexts, it was previously demonstrated that short
aerobic exercise breaks developed along the class time boost the attention of students[24].
Practical educational implications
Seeing that is well established that physical exercise is associated with learning improvement, it could be considered in the
educational contexts. In these sense, some suggestions are made:

Policy makers and governments: Policies to promote physical exercise in schools are critical, and they could start by
ensuring that education professionals are aware of the effects of regular physical exercise practice on learning and
memory. It is well known the effects of exercise to others health aspects, even for mental health in general, but not all
people involved in education know the specific effects of physical exercise to learning. Investments in adequate spaces to
a safe practice of exercise is important too, as well as the hiring of trained professionals to prescribe and monitor the
practice of physical activities, since the frequency, duration, type and intensity of exercise are crucial factors to guarantee
the desired effects. Beyond this, policy makers need to fund playgrounds, curricula that have regular recess, more physical
education teachers, better programs for physical education which are evidence informed.
Schools managers and scholars environments: Schools should stimulate physical activity practice. If in some countries it is
normal that children are provided with spaces within which to be physically active, in others this is not necessarily the
case. The ideal would be that all schools have spaces within which students can engage in physical exercise, with trained
professionals to instruct the students. The time for physical exercise practice should be consider as a curricular time, and
all the people involved (teachers, students, parents, and all scholar community) should be know the relationship between
physical exercise and learning. School also could promote campaigns to stimulate the students to have a more physical
activity life, in school and out of it, since nowadays most of them spent a lot of time with sedentary activities, as electronic
games and Internet.
Teachers: Although talk about the benefices of physical exercise to general health is generally included in some classes in
worldwide schools, talk about its benefices to brain and learning improvement is not only important, but also a tool that
the students can use to improve her/his school performance. It is usually commenting with students about the benefits of
exercise for the heart, prevention of diseases such as diabetes, etc. Why not comment on the benefits of exercise for the
brain for learning and preventing neurodegenerative diseases such as Alzheimer’s? Teachers also should valorise the
physical exercise practice on educational context, and could include in their classes some breaks to physical activity

practice, if possible, immediately after a new content learning – there are evidences that this practice improve students’
learning.

[i] The hippocampus is a structure of temporal brain lobes that is intrinsically related to memory acquisition and
consolidation.
[ii] Endorphin and serotonin are chemical substances classically involved in well-been states. Diﬀerent stimulus can promote
their release, including the physical exercise practice.
[iii] Atentional states refer to the attentional level and the ability to focus on certain speciﬁc stimuli, directing sensory and/or
cognitive resources to perform a given task, and is fundamental to learning. For more speciﬁc information please see the
brief about attention[27].
[iv] Executive functions correspond to a set of basic cognitive processes that include attention control, working memory,
cognitive ﬂexibility, inhibitory control and cognitive inhibition. They develop throughout life and are important to we can
resist to act impulsively, select our attentional focus, think creatively, and adapt to changes situations.
[v] Neurotransmitters are chemical molecules produced by neurons and used to synaptic communication.
[vi] Neuronal growth factors are small proteins, important for the growth, maintenance and survival of certain neurons.
[vii] Neuromodulators are substances released in the synapses that act modulating the communication between neurons.
They produce slower and more discrete eﬀects than those generated by neurotransmitters.
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