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1. The human brain: parts 
and functions
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The brain
• Voluntary movements 

(motor cortex)
• Executive functions

Frontal  Lobe Parietal Lobe Occipital Lobe

Brainstem Cerebellum

• Sensory perception
• Visuospatial Processing
• Proprioception

• Visual Processing 

• Auditory processing
• Memory format ion 

(hippocampus)
• Emotional Response 

(amygdala)

Temporal Lobe
• Motor and Sensory Pathway 

Integration (signals). 
• Coordination of movements 

(helps Cerebellum)

• Coordination of movements 
(smooth execution)

• Balance and posture
• Encoding, storage, and 

refinement of motor skills

Parts and functions

From conceptual frameworks to the playground
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The brain
• Basal Ganglia: key role in movement control, learning, habit formation, and 

emotional processing. The basal ganglia receive inputs from the cerebral 
cortex and send output signals back to the cortex through the thalamus, 
forming the feedback loop that is critical for the regulation of voluntary 
movements. 

• Thalamus: acts as the main relay station for sensory and motor signals to the 
cerebral cortex. Sensory signals coming from the body and external 
environment and motor control from basal ganglia and cerebellum. 

• Hypothalamus: Plays a crucial role in maintaining the body's homeostasis, 
regulating a wide array of functions such as temperature, hunger, thirst, and 
the sleep-wake cycle. It also controls the pituitary gland, thus playing a 
significant role in the endocrine system.

• Pituitary gland: regulate vital body functions and general well-being by 
releasing a variety of hormones that control other endocrine glands 
throughout the body: growth hormone (GH), thyroid-stimulating hormone 
(TSH), adrenocorticotropic hormone (ACTH) that stimulates the production 
of cortisol by the adrenal glands…

• Amygdala: key structure within the limbic system. Process emotions, 
especially fear, anxiety, and aggression. It is connected to Thalamus (receives 
sensory input) to give quick response even before the cerebral cortex has fully 
processed them (survival mechanisms). Also connected to hypothalamus to 
initiate stress responses. 

Parts of the limbic system

From conceptual frameworks to the playground
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The brain Parts of the limbic system
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Memory Formation and 
Retrieval

New memories and linking emotions to these 
memories are formed in the hippocampus. 

It helps encode information from short-term 
memory into long-term memory and is crucial 
for spatial navigation and memory.
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The brain Memories: based on DURATION

Sensory Memory
Short-term memory (STM)

Long-term memory (LTM)

From conceptual frameworks to the playground
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The brain Memories: based on DURATION

Sensory Memory
Short-term memory (STM)

Long-term memory (LTM)

• Duration: Very short (up to a few 
seconds)

• F u n c t i o n : H o l d s s e n s o r y 
information (e.g., sights, sounds).

• Types: Iconic memory (visual), 
echoic memory (auditory)…

• Duration: Seconds to about 30 
seconds.

• Capacity: Limited.

• Function: Temporary storage and 
manipulation of information for 
i m m e d i a t e t a s k s . I t i s t h e 
WORKING MEMORY. 

• Duration: Can last from minutes to a lifetime.

• Capacity: Essentially unlimited.

• Function: Stores a vast amount of information for 
extended periods.

• Types: Explicit (declarative) and Implicit (non-
declarative).

From conceptual frameworks to the playground
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https://bokcenter.harvard.edu/how-memory-works#:~:text=There%20are%20three%20main%20processes,and%20retrieval%20(or%20recall).
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The brain Memories: based on CONSCIOUSNESS

Explicit Memory (declarative)Implicit Memory (Non-declarative)

Long-term memory (LTM)
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The brain Memories: based on CONSCIOUSNESS

Explicit Memory (declarative)

•Episodic Memory: Personal experiences 
and events.

•Semantic Memory: Facts and general 
knowledge.

Conscious recall of information.

Types:

Memory without conscious awareness, 
influencing behaviors or thoughts.

Implicit Memory (Non-declarative)

• Procedural Memory: How to perform tasks or 
actions (e.g., riding a bike). 

• Priming: Being more likely to use a piece of 
information after encountering it earlier. 

• Classical Conditioning: Learning to link two 
stimuli together.

Types:

Long-term memory (LTM)

From conceptual frameworks to the playground
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http://www.apple.com/es
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The brain MEMORY  PROCESSING  MODEL

From conceptual frameworks to the playground
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https://www.simplypsychology.org/multi-store.html
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The brain EXECUTIVE FUNCTIONS

Working Memory Inhibition (Self-Control) Cognitive Flexibility Planning

(Prefrontal cortex)

From conceptual frameworks to the playground
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The brain EXECUTIVE FUNCTIONS

Working Memory Inhibition (Self-Control) Cognitive Flexibility Planning

About: holding and 
processing information in the 

mind over short periods of 
time.

Supports: reasoning, 
learning, understanding, and 

decision-making 

About: control and inhibit 
impulsive responses, both 
behavioral and emotional, 

enabling thoughtful decisions 
and actions.

 About: adapt to new 
information, switch tasks, 
and view problems from 

multiple perspectives.

Supports: innovation, 
problem-solving, and 

resilience.

The ability to foresee 
and sequence actions 

toward a goal, 
considering future 

events or consequences

(Prefrontal cortex)
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2. What do we know in the 
relatioship PA-brain?
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What do we know in the relatioship PA-Brain?

“Practice makes

perfect”
“Messi’s

 predictive

brain”
“Runner’s h

igh”

“A miracle-gro”

From conceptual frameworks to the playground
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“Practice makes
perfect” 

Extended videoMotor memories ara learnt by spacing practice sessions and 
are saved in long-term memory.
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https://www.youtube.com/watch?v=CqwfGUhYBEA
https://ed.ted.com/best_of_web/bf2mRAfC


“Practice makes
perfect” 

Motor memories ara learnt by spacing practice sessions and 
are saved in long-term memory.
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From a brain perspective…

Visual and 
Auditory Systems

The occipital lobe processes 
visual information, while 
the temporal lobe handles 

auditory input.

Prefrontal Cortex
When you decide to pedal, speed 

up, slow down…
Cerebellum and 

Vestibular System (inner ear)
For coordination, balance, spatial orientation

Basal Ganglia
Regulate movement initiation 

and muscle tone

From conceptual frameworks to the playground
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Sensory Cortex 
Sensory feedback helps you adjust 

your balance



“Practice makes
perfect” 

Motor memories ara learnt by spacing practice sessions and 
are saved in long-term memory.
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Consolidated theories of motor learning

Fitts and Posner's 3-Stage Model: 
Learning progresses from a cognitive stage of understanding the task (1), 

through an associative stage of refining the movement (2), to an 
autonomous stage where the skill is executed effortlessly (3).

Schmidt's Schema Theory: 
This theory proposes the formation of generalized motor programs 

and schemas that enable adaptation and application of movements to 
new contexts through practice.

Ecological Approach by James Gibson: 
Focuses on learning through direct interaction with the 

environment, emphasizing the role of perception in identifying 
and acting upon affordances.

From conceptual frameworks to the playground
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“Practice makes
perfect” 

Motor memories ara learnt by spacing practice sessions and 
are saved in long-term memory.
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Brashers-Krug Bernstein's theories
Two-Stage Consolidation 

Process

Importance of Sleep

Role of the Cerebellum 
and Striatum

Interference and Facilitation

Individual Differences in 
Consolidation

Optimal Practice Schedules

Degrees of Freedom Problem 
(freezing degrees of freedom)

Hierarchical Control

Dynamic Systems Theory

Repetition Without Repetition

Motor Skill Learning as a 
Process of Discovery

Sensory feedback for motor 
integration

From conceptual frameworks to the playground
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https://www.nature.com/articles/382252a0
https://archive.org/details/bernstein-the-coordination-and-regulation-of-movements/mode/2up


“Practice makes
perfect” 
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To wrap up…

Long-term 
memory

Spaced
Practice Sleep

Repetition
in diverse 

environments
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Brain and Active Games 

“Messi's predictive 
brain” 

Erren et al. (2016)

The involvement of perceptual-cognitive factors on sports
A Double Dutch | Brain Games

Selective attention test

Backpack - Situational Awareness Test

https://www.youtube.com/watch?v=iiEzf3J4iFk
https://www.youtube.com/watch?v=z9aUseqgCiY
https://www.youtube.com/watch?v=viqK_-yNaog
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“Messi's predictive 
brain” 

Erren et al. (2016)

From conceptual frameworks to the playground
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Automized motor skills may allow expertise player’s 
brains to make better use of time to read the games and 

plan ahead

https://pubmed.ncbi.nlm.nih.gov/27159282/
https://www.researchgate.net/publication/5878313_Perceptual-Cognitive_Expertise_in_Sport_A_Meta-Analysis
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3954684/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0034731
https://psycnet.apa.org/fulltext/2022-52851-003.pdf
https://onlinelibrary.wiley.com/doi/10.1002/acp.3526
https://www.researchgate.net/publication/370779029_A_Critical_Review_of_Research_on_Executive_Functions_in_Sport_and_Exercise
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“Messi's predictive 
brain” 

Erren et al. (2016)

From conceptual frameworks to the playground
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Experts are better than nonexperts in picking up 
perceptual cues, as revealed by measures of 
response accuracy and response time. 

Experts use fewer fixations of longer duration, 
including prolonged quiet eye periods, compared 
with nonexperts. 

Processing speed, cognitive 
inhibition, working memory

Highly talented youth soccer players outperform 
youth amateur players on suppressing ongoing motor 
responses and on the ability to attain and maintain an 
alert state.

Overall, the mean effect size was small to 
medium (r  =  0.22), indicating superior 
cognitive functions in experts and elite 
athletes.  

Inconclusive empirical support.

Higher skilled athletes perform better on cognitive 
function tests than lower skilled athletes. 

There was insufficient evidence to determine 
whether cognitive functions and skills can predict 
future sport performance.

Automized motor skills may allow expertise player’s 
brains to make better use of time to read the games and 

plan ahead

Scharfen and Memmert (2019)

Kalén et al. (2021)

Verburgh et al. (2014) 

Mann et al. (2007) 

Verburgh et al. (2012) 

Furley, Schütz and Wood (2023)
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“Messi's predictive 
brain” 

Erren et al. (2016) To wrap up…

There is a difference between expert and non-expert players

It might be due to enhanced cognitive functions

Insufficient evidence for cognitive functions to predict future sport performance.
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“Runner’s High” 
Wagemaker and Goldstein (1980)

From conceptual frameworks to the playground
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The euphoric state resulting from long-distance 
running and physical exercise and its possible 

effects on well-being and mental health.

https://academic.oup.com/cercor/article/18/11/2523/291108
https://pubmed.ncbi.nlm.nih.gov/38355154/
https://pubmed.ncbi.nlm.nih.gov/36768332/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9881726/
https://pubmed.ncbi.nlm.nih.gov/22990628/
https://www.researchgate.net/publication/332447470_Role_of_Physical_Activity_and_Sedentary_Behavior_in_the_Mental_Health_of_Preschoolers_Children_and_Adolescents_A_Systematic_Review_and_Meta-Analysis
https://www.sciencedirect.com/science/article/abs/pii/S1469029218303315
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“Runner’s High” 
Wagemaker and Goldstein (1980)

The euphoric state resulting from long-distance 
running and physical exercise and its possible 

effects on well-being and mental health.

From conceptual frameworks to the playground
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The level of euphoria was significantly increased after running and 
was inversely correlated with opioid binding in prefrontal/
orbitofrontal cortices, the anterior cingulate cortex, bilateral insula, 
parainsular cortex, and temporoparietal regions. These findings 
support the “opioid theory” of the runner's high and suggest region-
specific effects in frontolimbic brain areas that are involved in the 
processing of affective states and mood. 

Noetel et al. (2024)

Rodriguez-Ayllon et al. (2019) 
Biddle et al.  (2019)

Shimura et al. (2022) 

Boecker et al. (2008) 

Matei et al. (2023) 

We show that eCB signaling is indeed intensity dependent, with 
significant changes in circulating eCBs observed following 
moderate intensities only (very high and very low intensity 
exercises do not significantly alter circulating eCB levels). 

Raichlen et al. (2013) 

Levels of physical activity per week optimized the mental health measurements 
values of the participants: 6,953 MET-minutes and 25.70 h for depression, 
5,277 MET-minutes and 21.60 h for state anxiety, 5,678 MET-minutes and 
22.58 h for trait anxiety, 25.41 h for resilience, and 9,152 MET-minutes and 
31.17 h for insomnia vulnerability.

There was a small but significant overall effect of physical activity on 
mental health in children and adolescents aged 6–18  years (effect size 
0.17). 

There are significant increases in research activity concerning  physical 
activity and depression, self-esteem, and cognitive functioning in young 
people. The strongest evidence for a causal association appears to be for 
cognitive functioning, and there is partial evidence for depression.

The ECS has an important role in controlling motor activity, 
cognitive functions, nociception, emotions, memory, and synaptic 
plasticity. The close interaction of the ECS with dopamine shows 
that they have a function in the brain’s reward system. Activation 
of the ECS also produces anxiolysis and a sense of wellbeing as 
well as mediates peripheral effects such as vasodilation and 
bronchodilation that may play a contributory role in the body’s 
response to exercise.

Exercise is an effective treatment for depression, with walking or 
jogging, yoga, and strength training more effective than other 
exercises, particularly when intense. Yoga and strength training 
were well tolerated compared with other treatments.

https://www.sciencedirect.com/topics/social-sciences/physical-activity
https://www.sciencedirect.com/topics/social-sciences/physical-activity


Prof. Juanjo Pérez Soto, PhD 
Adjunct Professor at Faculty of Education (University of Murcia, Spain)

“Runner’s High” 
Wagemaker and Goldstein (1980)
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To wrap up…

Intensity and weekly 
time involved in 

exercise 
might be considered to 
observe eCB signaling 

ECB has a function 
in the brain’s 

reward system after
physical exercise

Walking or jogging, 
yoga, and strength 

training are effective for 
depression in adults. 

Insufficient evidence in 
adolescence. 
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“Miracle-Gro”
Dr. John Ratey 
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There’s little known about the effects of exercise on brain 
functioning and neurogenesis but some structural 

changes happen in the brain when we exercise.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3041121/pdf/pnas.201015950.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5808288/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5808288/
https://www.nature.com/articles/nrn2298
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7460146/
https://pubmed.ncbi.nlm.nih.gov/29629186/
https://pubmed.ncbi.nlm.nih.gov/37403403/
https://pubmed.ncbi.nlm.nih.gov/34064202/
https://jnnp.bmj.com/content/jnnp/94/5/349.full.pdf
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“Miracle-Gro”
Dr. John Ratey 

From conceptual frameworks to the playground
Brain and Physical Activity

There’s little known about the effects of exercise on brain 
functioning and neurogenesis but some structural 

changes happen in the brain when we exercise.

Hillman (2008)

Erickson et al. (2011)

Liu and Nusslock (2018)

Barbosa et al. (2020)

Daly-Smith et al. (2018)

Infantes-Paniagua et al. (2021)

Masini et al. (2023)

James et al. (2023)

This article examines the positive effects of aerobic physical 
activity on cognition and brain function, at the molecular, cellular, 
systems and behavioural levels.

Sample of 1417 adults. Participation in leisure time physical activity was 
reported five times between ages 36 and 69. Being physically active, at all 
assessments in adulthood, was associated with higher cognition at age 69. 
The strongest association was between sustained cumulative physical 
activity and later-life cognitive state, in a dose-response manner.

These theoretically important findings indicate that aerobic exercise 
training is effective at reversing hippocampal volume loss in late 
adulthood, which is accompanied by improved memory function.

Although much more is known about the direct role that exercise and 
BDNF have on hippocampal neurogenesis in rodents, their 
corresponding cognitive benefits in humans will also be discussed.

From meta-analyses, it was observed that physical activity had null or 
small-to-medium positive effects on academic achievement.

Low-to-medium quality designs predominate in investigations of the 
acute impacts of active breaks on PA, cognition, academic performance 
and classroom behaviour. Evidence shows that increased PA and 
enhanced time on task. 

The active breaks group (ABsG) performed 10 min of ABs three times 
per school day and the control group (CG) did normal lessons. Working 
memory significantly increased in the ABsG than in CG. Children 
improved their time on task behaviors in ABsG. 

Results showed some positive acute and chronic effects of active 
breaks on attentional outcomes (i.e., accuracy, concentration, 
inhibition, and sustained attention), especially on selective attention. 
However, most of the results were not significant.
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“Miracle-Gro”
Dr. John Ratey 
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To wrap up…

Exercise is linked 
to higher cognition 

later in life. 

It may reverse 
hippocampal 
volume loss. 

BDNF production 
and blood flow are 

estimulated by 
exercise. 

It may have 
implications for 
cognition and 
mental health.

Insufficient evidence 
linking exercise 
with academic 
performance

Active Breaks seem 
to enhance students’ 

time on task
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ADHD
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Some trials try to identify potencial benefits for those 
illness

Cognitive 
Dysfunction

https://pubmed.ncbi.nlm.nih.gov/29363108/
https://translationalneurodegeneration.biomedcentral.com/articles/10.1186/s40035-023-00341-5
https://pubmed.ncbi.nlm.nih.gov/37033046/
https://pubmed.ncbi.nlm.nih.gov/25988743/
https://pubmed.ncbi.nlm.nih.gov/35305344/
https://pubmed.ncbi.nlm.nih.gov/33192364/
https://pubmed.ncbi.nlm.nih.gov/37590250/
https://pubmed.ncbi.nlm.nih.gov/35879665/
https://pubmed.ncbi.nlm.nih.gov/38073389/
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ADHD
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Some trials try to identify potencial benefits of exercise 
for different brain disorders or dysfunctions. 

Cognitive 
Dysfunction

Panza et al. (2018)

BDNF is the key modulator between exercise 
and cognitive function. Exercise improves 
cognitive function by promoting cytokine 
release. There’s a key factor of skeletal 
muscle-brain axis: irisin.

Lu et al. (2023) 

Aerobic exercise had a moderate favorable effect on cognitive function 
(d+w = 0.65, 95% CI = 0.35-0.95), but other exercise types did not. 

Sun et al. (2022)

Cerrillo-Urbina et al. (2015) 

Aerobic exercise had a moderate to large effect on core 
symptoms such as attention (SMD = 0.84), hyperactivity 
(SMD = 0.56) and impulsivity (SMD = 0.56) and related 
symptoms such as anxiety (SMD = 0.66), executive function 
(SMD = 0.58) and social disorders (SMD = 0.59) in children 
with ADHD.

Chronic PA interventions may promote EF and MS in children with ADHD/ASD, 
especially in inhibitory control, cognitive flexibility, and gross motor skills. However, 
PA interventions seemed to have insignificant effects on working memory and fine 
motor skills to children with ADHD/ASD

Zhang et al. (2020)

Zhu et al. (2023)

Physical exercise can help alleviate the symptoms of ADHD in 
children. Specifically, it can improve attention, executive 
function, and motor skills. There were no significant effects on 
hyperactivity, depression,  social problems or aggressive 
behavior. Intervention duration and frequency might be the 
source of heterogeneity.The results from this network meta-analysis reconfirmed the beneficial effects of various physical exercise interventions on 

executive functions and ADHD-related symptoms and provide evidence that open-skill activities which require participants to 
react in a dynamically changing and externally paced environment (e.g. football or racket sports) had the highest probability 
of being the most promising physical exercise treatment for improving executive functions, particularly in inhibitory control. 
While closed-skill activities dominated by aerobic exercises (e.g. swimming, running, cycle ergometer, rope skipping) tended 
to be the most effective in helping working memory. 
The multicomponent physical exercise tended to be the most effective in helping cognitive flexibility. 
Closed-skill activities dominated by aerobic exercises possessed the greatest likelihood of being the best intervention 
for ADHD-related symptoms. PA interventions had positive effects on improvements in 

core executive functions in children and adolescents with 
ADHD and were influenced by intervention intensity, 
type of motor skill, sessions of PA, and amount of 
exercise. 

Song et al. (2023)

This study suggests that multicomponent physical exercise could have an effect on 
global cognition in people with mild cognitive impairment or dementia only when 
aerobic exercise is included in the intervention.

Venegas-Sanabria et al. (2022)

Raji et al. (2023) 
10,125 healthy participants underwent whole-body 
MRI scans.  Exercise-related physical activity is 
associated with increased brain volumes, indicating 
potential neuroprotective effects. Increased days of 
MVPA correlated with larger brain volumes.
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ADHD

From conceptual frameworks to the playground
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Cognitive 
Dysfunction

To wrap up…

Aerobic exercise 
but no other type.

Days involved in 
MVPA correlated 
with larger brain 

volumes.

Physical exercise can 
help alleviate the 

symptoms of ADHD in 
children. 

Insufficient evidence to 
set up a standardized 
protocol. Although, a 
meta-analysis point to 
aerobic exercise as the 

most effective.
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3. From conceptual 
frameworks to the 

playground: PE
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Working Memory

Inhibition (Self-Control)

Cognitive Flexibility 

Planning

From conceptual frameworks to the playground
Brain and Physical Activity

Physically active breaks between 
lessons to enhance students’ 
attention and time on task

PE games focused on 
Executive Functions



Prof. Juanjo Pérez Soto, PhD 
Adjunct Professor at Faculty of Education (University of Murcia, Spain)From conceptual frameworks to the playground

Brain and Active Games 

Game: “Cone, hoop, ball”

1) Ball (hit the opponent), Cone (knock down) or Hoop (step in). 
2) Ball (know down cone), Cone (step in the hoop) or Hoop (hot the opponent).
3) …
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Brain and Active Games 

Game: “Fitness Confusion”

1) Dice 1: Colours
2) Dice 2: Words with misleading background 

colour.
3) Dice 3: Fitness activities (only performed 

when dice 1 and 2 match).

Roll the 3 dice at the same time 
and react faster than the opponents

Fetch the missing color (blue, red, yellow) or 
performe the fitness activity
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Brain and Active Games 

Game: “Mimic broken telephone”

1) Choreography
2) Choreography + sentence
3) Choreography + sentence + shape
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AI apps

Home court Active Arcade

https://www.youtube.com/watch?v=2wERCykyJCo
https://www.youtube.com/watch?v=yyz_XBUkBLw
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Cross-sectional 
Quasi-experimental
design

Perception Test  
Similarities and Differences 

or FACES.

Thurstone y Yela, 2012

Test
(3’)

Test
(3’)

Active Break
(10’)

FACES test assesses cognitive flexibility and visual perception by requiring test-takers to identify similarities and differences between various facial features 
presented to them. This ability is crucial for effective problem-solving and adaptive thinking in everyday life.

What’s for?

Rest
no PA

Outdoor
tag-games

Indoor
fitness and 

dance
with video
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