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 Movement, Cognition, & Learning 
Integration

 Define Exercise Rx
 Discuss Embodied Cognition
 Blended  Approach 



“Human movement, cognition, and 
learning are inextricably bound.”

Mavilidi et al. A narrative review of school-based physical activity for enhancing cognition                               
and learning: the importance of relevancy and integration,. Front. Psychol. 9 (2018), pp. 1-17



 Evidence for prescribing exercise
 Psychiatric Conditions 
 Depression, Anxiety, Stress, Schizophrenia

 Neurological Conditions
 Parkinson’s, Multiple Sclerosis, Dementia

 Metabolic Conditions
 Obesity, Hyperlipidemia, Metabolic Syndrome, Polycystic Ovary 

Syndrome, Type 2 Diabetes, Type 1 Diabetes 
 Cardiovascular Conditions
 Hypertension, Coronary Heart Disease, Heart Failure, Cerebral 

Vascular Disease, Intermittent Claudication
 Pulmonary Conditions
 Chronic Obstructive Pulmonary Disease, Asthma, Cystic Fibrosis

 Musculoskeletal Conditions
 Osteoarthritis, Osteoporosis, Back Pain, Rheumatoid Arthritis

 Cancer
•Pedersen & Saltin, . Exercise as medicine – evidence for prescribing exercise as therapy in 26 different 
chronic diseases. Scand J Med Sci Sports 25 (2015), pp. 1-72



“Exercise is Medicine®”

Registered trademark of the American College of Sports Medicine



 Physical Activity –“Any bodily movement produced 
by skeletal muscles that requires energy 
expenditure.”
 Physical Exercise – “Physical Activity that is planned, 

structured, repetitive, and has a final or an intermediate 
objective to improve or maintain of one or more 
components of physical fitness.” (Mandolesi et al.  2018, Mavilidi et al. 2018)

 Exercise Rx –Physical Exercise that is therapeutically designed 
for a specific diagnosed condition to improve, maintain, or 
prevent  the pathophysiological changes  or symptoms of  the 
specified condition. 

Mandolesi, et al. Effects of Physical Exercise on Cognitive Functioning and Wellbeing: 
Biological and Psychological Benefits. Front Psychol. 9 (2018),  pp.  1-11

Mavilidi et al. A narrative review of school-based physical activity for enhancing cognition                               
and learning: the importance of relevancy and integration,. Front. Psychol. 9 (2018), pp.     
1-17



“To reduce exercise to 
medicine is akin to saying 
that fire is simply energy…”

L. Van Der Post. Jung and the story of our time. Penguin, London (1978), p. 4
Smith, A. Exercise is recreation not medicine. J Sport Health Sci. 5 (2016), pp. 129-134
Nesti, M. Exericse for health: serious fun for the whole person? J Sport Health Sci, 5 

(2016), pp. 135-138

“…fire is light in darkness, safety against the beasts; 
it is warmth against cold; It is all these and many 
more things before it becomes an abstract of energy 
in the mind…”

Exercise Rx



“Exercise is Learning”“Exercise is Play”

Smith, A. Exercise is recreation not medicine. J Sport Health Sci. 5 (2016), pp. 129-134
Nesti, M. Exericse for health: serious fun for the whole person? J Sport Health Sci, 5 

(2016), pp. 135-138

“Exercise is Sports”“Exercise is Recreation”“Exercise is Leisure”“Exercise > Medicine”



 “Cognition is shaped by the 
role of bodily form, real-
world action, and 
environmental influences 
which are linked to action, 
perception, and 
introspection.”  

Mavilidi et al. A narrative review of school-based physical activity for enhancing cognition                               
and learning: the importance of relevancy and integration,. Front. Psychol. 9 (2018), pp. 1-17



Exercise Rx

Embodied 
Cognition

Exercise 
Rx

Mavilidi et al. A narrative review of school-based physical activity for enhancing cognition                               
and learning: the importance of relevancy and integration,. Front. Psychol. 9 (2018), pp. 1-17



 Aerobic Exercise (Cardio)
 “Nourishment” - Blood Flow and Oxygenation  
 Improved attention and processing speed for engagement in 

cognitive functioning 
 Neuroplasticity - (Changes in Brain Structures over time)
 Brain-Derived Neurotopic Factor (BDNF), synaptogenesis, 

neurogenesis
 Vascular Endothelial Growth Factor  (VEGF) angiogenesis

 NeuroEndocrine: Norepinephrine, Dopamine, Cortisol, 
 Moderate intensity (short  or long duration) increases attention
 High intensity (long duration)  decline in executive functioning
 Cortisol Threshold

Moriarty, et al. Acute aerobic exercise based cognitive and motor priming: practical 
applications and mechanisms. Front Psychol. 2019; 10:2790 



 “Aerobic exercise, or resistive training, without 
a cognitive component produces little or no EF 
[Executive Functions] benefit.”
 Cognition: the mental action or process of acquiring 

knowledge and understanding through thought, 
experience, and the senses. (Oxford Dictionary)

 EF’s Core Skills: Working Memory, Inhibition, and 
Cognitive Flexibility. 
 Higher EF’s: Reasoning, problem-solving, and 

planning.

Diamond & Ling. Conclusions about interventions, programs, and approaches for 
improving executive functions that appear justified and those that, despite much hype, do 
not. Developmental Cognitive Neuroscience. 2016; 18: 34-48



 Exercise Priming:
 Priming areas of the brain in preparation for control 

of higher order cognitive functions.  
 “What fires together, wires together.” Hebb (1949)
 Targeting Pre-Frontal Cortex, Motor cortex

 Aerobic Exercise
 Type: Cardio – walking, running, treadmill, cycling, jumping
 Timing: prior to cognitive learning 
 Dosage, Duration, & Frequency depends upon Intensity
 Low intensity requires longer duration >30 min
 Moderate intensity requires 20-30 mins of sustained activity. 
 High intensity requires 4-5 minutes of sustained activity. 

Moriarty, et al. Acute aerobic exercise based cognitive and motor priming: practical 
applications and mechanisms. Front Psychol. 2019; 10:2790 



 Exercise Priming Reality:
 Mixed results 
 Positive Results 
 Low-moderate intensity improved executive functioning

 Memory and attention
 High intensity exercise improved inhibition

 Neural efficiency
 Negative results 
 Decline in Cognitive function
 Possibly due to under/over stimulation.
 Duration, Intensity?-depends  on the individual  & depends on the 

day. 
 Short-lived (30 minute window?)

 Do you perform exercise before or after cognitive task? 
 Lack of performing relevant cognitive task. 

 Depending on the individual response to the exercise will determine 
the relevant cognitive task. 

Moriarty, et al. Acute aerobic exercise based cognitive and motor priming: practical 
applications and mechanisms. Front Psychol. 2019; 10:2790 



 Systematic Review showed a positive relationship 
between physical exercise and the reduction of 
stereotypical behaviors in children with ASD in 8 
out of 9 studies.

 Methods: games, walking, running, jumping, 
trampling, dancing, strength, balance, and 
coordination, stationary biking, and martial arts. 

 Intensity: Vigorous, Moderate, and Low. 
 Duration: 15-90 min
 Length: 8-48 weeks  

Ferreira, et. al. Effects of Physical Exercise on Stereotyped Behavior of Children with Autism 
Spectrum Disorders. Medicina 2019, 55, 685, doi: 10.3390/medicina55100685



 Exercise Rx  
 Use of the Activities

to reduce Stereotyped 
Behaviors

 Time and Energy 
used efficiently

 Embodied Cognition
 With reduced 

Stereotyped 
behaviors improves 
Cognition

 Coordination of 
Mind and Body 
allows for learning

Ferreira, et. al. Effects of Physical Exercise on Stereotyped Behavior of Children with Autism 
Spectrum Disorders. Medicina 2019, 55, 685, doi: 10.3390/medicina55100685



To improve Executive Functions: 
(Working memory, Inhibition, and 
Cognitive flexibility)

 Passion & Joyful.
 Diverse Physical Activity
 Strategic behaviors 
 Complex motor coordination 
 Adaption to changing 

conditions

•Mavilidi et al. A narrative review of school-based physical activity for enhancing cognition                               
and learning: the importance of relevancy and integration,. Front. Psychol. 9 (2018), pp. 1-17



 Need to cognitively engage during activity.
 You improve on the skills that you practice.
 The time you spend on practicing matters.
 How you practice (your focus) is important.
 Once you stop practicing the benefits diminish.
 Need to challenge to the individual’s limit.
 The importance of social connection.
 Enjoy your passion & have fun.

Diamond & Ling. Conclusions about interventions, programs, and approaches for 
improving executive functions that appear justified and those that, despite much hype, do 
not. Developmental Cognitive Neuroscience. 2016; 18: 34-48

Movement & Learning
Guidelines



“In the end, only the brain, through its intrinsic 
plastic process, can sustain or repair itself, at 
the level required to sustain high 
functionality.”

Merzenich . Brain plasticity-based therapeutics. Front Hum Neurosci.2014; 8: 385
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