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Physical activity

Definition:
Bodily movement produced by skeletal muscles that requires energy expenditure

World Health organization

Physical Activity.  http://www.who.int/topics/physical_activity/en



Physical activity

Increased physical activity
• can be built in to everyone’s daily life
• does not have to be strenuous



4 types of physical activity



Aerobic or endurance exercise

• Physical activity that increases:
• breathing rate
• heart rate

Performed regularly it improves:
• physical endurance
• health and fitness of lungs
• heart and blood vessels

Farrow and Ellis, 2013



Includes moderate-to-high intensity activities like:

• Walking
• Jogging
• Swimming
• Cycling
• Energetic housework

Farrow and Ellis, 2013



Strength or resistance training

• Physical activity that utilises weights or resistance, including own body 
weight, to work muscles

• Performed regularly it improves:
• muscle strength and tone
• health and fitness of tendons, bones and joints

Farrow and Ellis, 2013



Flexibility exercises

• Stretch your muscles

• Performed regularly they help:
• muscles to stay limber and flexible
• joints to stay limber and flexible

Farrow and Ellis, 2013



Numerous exercises (certain types of stretching, yoga, pilates, tai chi):
Æ strength + stretching + balance

Balance exercises

• Contract muscles to keep your body in balance

Performed regularly, they
• help to improve balance and coordination 
• reduce the risk of falls

Include:
• movements that test your balance 
• activities like tai chi

Farrow and Ellis, 2013



Recommended
Aerobic or endurance exercise

• children at least 60 minutes, preferably every day

• adults at least 30 minutes, preferably every day 

Strength or resistance training

• adults do strength exercises for each major muscle group at least 2x /week.

Balance exercises

• especially older adults should do balance exercises at least 3x /week.

Flexibility exercises

• can be done as often as you like 

• are an important component of aerobic and strength training programs.

‘Global recommandations on physical activity for health’ (World Health organization 2010)



Are we doing enough physical activity?

Farrow and Ellis, 2013

>

Australian Health Survey

• Only ± 1/3 of Australian adults are doing recommended amounts of PA

• Activity level men > women
Æ 15-17 year olds likely to be sedentary 
Æ 29% vs. 15% sedentary

Australian Bureau of Statistics. Profiles of Health, Australia, 2011-13 Exercise.
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4338.0main+features112011-13



Health risks of physical inactivity

Physical inactivity is a risk factor 

for poor physical  and mental health

Æ 4th leading risk factor for mortality worldwide
Æ causing ± 3.2 million deaths annually (6% of deaths globally).

‘Global recommandations on physical activity for health’ (World Health organization 2010)



Health benefits of physical activity

Being physically active as adults reduces the risk of:

• stroke
• high blood pressure
• cardiovascular disease
• high cholesterol
• diabetes
• obesity
• osteoporosis
• falls and fractures

Farrow and Ellis, 2013



Health benefits of physical activity

Being physically active as adults :
• promotes better sleep
• reduces stress and anxiety
• helps manage pain
• reduces symptoms of depression.

(O’Donovan et al., 2010)



Physical activity and the brain



Physical activity and the brain

The brain:

• continues to grow new cells 
and connections between 
them throughout life     
Æhelping us continue to learn and adapt



Physical activity and the brain

The brain:

• continues to grow new cells 
and connections between 
them throughout life     
Æhelping us continue to learn and adapt

• requires adequate blood 
flow to receive the oxygen 
and nutrients

Physical activity supports both these important aspects of brain biology.



Physical activity enhances:

• health and survival of neurons
• number of synapses
• neurogenesis
• plasticity

Farrow and Ellis, 2013



Kobilio et al., 2011
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Aerobic exercise: 

Increases growth factors such as brain derived neurotrophic factor (BDNF)

(Dishman et al., 2006)

increased capillary blood supply to the cortex 

growth of new neurons and synapses

better learning and performance



• reduced amyloid plaques
• increased chemicals needed for clearing amyloid from the brain
• reduced loss of neurons in the hippocampus 

(Ævital for memory and damaged by Alzheimer’s disease)

(Van Praag, 2008)

Mice with a genetic mutation that causes Alzheimer’s disease



><



120 healthy adults (55 – 80 years)

50% participants undertook an aerobic walking program 

vs. 

50% participants undertook a stretching program (control condition)

Erickson et al., 2011 (PNAS)



Single blind study

3 days/ week
1 year

3 days/ week
1 year

Erickson et al., 2011 (PNAS)



Fig. 1. (A) Example of hippocampus segmentation and graphs demonstrating an increase in hippocampus volume for the aerobic exercise group and a decrease in volume 
for the stretching control group. The Time × Group interaction was significant (P < 0.001) for both left and right regions. 

Erickson et al., 2011 (PNAS)





• greater improvements in spatial memory task performance
• greater increases in BDNF
• greater improvements in aerobic fitness

ÆBeneficial effects of physical activity on brain:
• structure 
• chemistry
• function



• increased brain blood flow

• increased brain grey matter volume,         
Æ suggesting more neurons and synapses

• increased volume in the frontal lobes
(cf.  executive functions)

• increased volume in the hippocampus
(cf. important for learning and memory, 
impacted by Alzheimer’s disease)

• increased brain connectivity
Æ suggesting improved plasticity

Physical activity and the human brain



• brain volume and connectivity typical of people a 
few years younger

• reduced age-related brain shrinkage

• less amyloid deposition in the brain
• less of the amyloid and tau changes associated 

with development of Alzheimer’s disease in the 
cerebrospinal fluid

Physical activity and the human brain



Farrow and Ellis, 2013 (Paper 36)

Physical activity and the human brain

• diabetes
• high blood pressure
• high cholesterol
• obesity 
• heart disease
• role in their treatment 

and management
+ 

ris
k 

of

cerebrovascular disease

cognitive impairment
dementia (incl. Alzheimer)



What type of activity has which effect on the brain?



(Colcombe et al., 2003)





><



Cognitive skills are crucial for school readiness and academic performance

(e.g. Best et al., 2011) 



Cognitive skills are are supported by a variety of brain regions

(e.g. Gogtay et al., 2004)

continue to mature throughout adolescence



Cognitive skills are are supported by a variety of brain regions

(e.g. Gogtay et al., 2004)

continue to mature throughout adolescence



Developmental window poses a great opportunity for  
experience-dependent plasticity



(Giedd et al., 1999)
(Kobilio et al., 2011) 

Structural and functional organisation of the brain and cognition
can be positively influenced through
enriched environmental conditions 

Developmental window poses a great opportunity for  
experience-dependent plasticity



Singh et al., 2018



Search terms were related to:

(1) physical activity 
(e.g., physical activity, exercise, physical fitness, and sport)

(2) cognitive and academic performance 
(e.g., academic achievement, cognitive performance, academic performance, and school learning)

(3) age 
(e.g., infant, child, adolescent, and 0–18 years old) 

(4) intervention studies with various study designs 
(e.g., randomised controlled trials (RCTs), cluster randomised trials)

Singh et al., 2018

Eligibility criteria:
(1) studies were PA-related intervention studies
(2) studies had at least one cognitive or academic performance assessment
(3) the population sample consisted of apparently healthy children or adolescents



Figure 1 Flow of literature selection.



Number of participants 16 to 1955

Ages of participants at baseline 3 to 16 years 
(majority of studies: 6–12 years)

Intervention duration 1 week - 9 years

PA dose delivered 10 min per week - FITKids intervention 
(i.e., 350 min/ week, 70 min for 5 days a week)
(majority of studies at least 30 min per session) 

Frequency 1 - 6 days per week

Exercise Type most aerobic exercise
some yoga vs. aerobic exercice
some more cognitively engaging PA



Number of participants 16 to 1955

Ages of participants at baseline 3 to 16 years 
(majority of studies: 6–12 years)

Intervention duration 1 week - 9 years

PA dose delivered 10 min per week - FITKids intervention 
(i.e., 350 min/ week, 70 min for 5 days a week)
(majority of studies at least 30 min per session) 

Frequency 1 - 6 days per week

Exercise Type most aerobic exercise
some yoga vs. aerobic exercice
some more cognitively engaging PA

Conclusion refers to the effects of additional PA or adaptations of the PA curriculum
• such as structured recess
• frequency/intensity/specialist taught PE
• active academic lessons on cognitive or academic performance

NOT the effects of PA per se
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Outcome 

Inconclusive evidence for the beneficial effects of PA interventions on 
cognitive and overall academic performance in children. 

Singh et al., 2018

Strong evidence for beneficial effects of PA on math performance.



Potential mechanisms

More efficient use of neural resources underlying executive functions

(Banich, 2009; Diamond, 2006; Miyake et al., 2000) 



(Davis et al., 2011)(7-11 years)

> 85th percentile BMI



Fig. 3. 
• Executive function (Cognitive Assessment System, Planning scale) at posttest adjusted for gender, parent education, and baseline score
• Math achievement means (SE) at posttest adjusted for race, parent education, and baseline score, 

Æ showing dose-response effects of the aerobic exercise program. (Davis et al., 2011)

1 x 20min 2 x 20min
1 x 20min
sedentary activities 

13±1.6 weeks of intervention



Fig. 2. Axial views displaying blood oxygenation level dependent percent signal change associated with antisaccade performance from one-sample analysis at three different levels in the brain.
Data from 39 sessions (20 children at baseline, 19 at posttest) are shown radiologically oriented (right hemisphere on left side). Colors from pink to yellow indicate increasing antisaccade-related percent signal 
change. The background is an anatomical image averaged over 20 participants. FEF, frontal eye field; PPC, posterior parietal cortex; SEF, supplementary eye field; PFC, prefrontal cortex.

(Davis et al., 2011)



Figure 4. Boxplots by experimental condition showing change in activation from baseline to posttest. 

Prefrontal cortex Posterior parietal cortex

(Davis et al., 2011)



More adult-like recruitment of prefrontal brain regions

Potential mechanisms

More efficient use of neural resources underlying executive functions

(Chaddock et al., 2013)



Many forms of exercise are cognitively-engaging activities

(Best, 2010 ; Pesce, 2012)

“Cognitive stimulation hypothesis”

Coordinatively demanding and non-automated movement and sports actions 
might engage the same brain regions 

that are used to control higher-order cognitive processes.



Cognitive demands inherent in exercise and physical activity

• Aerobic games and EF tasks require a similar way of thinking and similar cognitive skills. 

(Best, 2010)

“Cognitive stimulation hypothesis”

Æ Cognitive skills acquired during aerobic games could transfer to EF tasks



(Best, 2010)

“Cognitive stimulation hypothesis”

More complex exercises requiring greater cognitive engagement 

Simpler exercises requiring limited cognitive engagement

> Effect on EF

Prediction:



Effects of Physical Exercise on Executive Functions

Going beyond Simply Moving Æ to Moving with Thought

(Diamond, 2015)



N= 207 children (Kindergarten – Grade 5)

• Randomly assigned to Taekwondo vs. conventional Physical Education curriculum

(Lakes and Hoyt, 2004)

• 2-3 periods/week during the first 4 months of the school year



WISCIII Arithmetic: 

• 20 arithmetic problems (cf. elementary math courses)

• Problems are administered orally and must be solved without paper and pencil. 

• Assessment of:
• math knowledge
• concentration 
• systematic problem-solving ability

>

17 + 8

49 - 24

63 + 31



1h15min/day - 5days/week 1 month 10-13 years

Tower of London task

>

Manjunath and Telles (2001)



In summary

Physical activity can foster cognitive abilities!



Methodological 
challenges

Effects of Physical Exercise on Executive Functions



Methodological challenges

Studies need to consider:
• What physical activity is being administered?

?



Methodological challenges

Studies need to consider:
• What physical activity is being administered?
• What component(s) of EF is (are) being impacted?

?



Executive functions

3 foundational components: 
• Inhibition
• Shifting
• Updating of working memory

Umbrella term
encompassing the cognitive processes responsible for 

organizing and controlling goal-directed behavior



Methodological challenges

Studies need to consider:
• What physical activity is being administered?
• What component(s) of EF is (are) being impacted?
• Which tasks used to assess EF? 

?



Methodological challenges

Studies need to consider:
• What physical activity is being administered?
• What component(s) of EF is (are) being impacted?
• Which tasks used to assess EF? 
• Which developmental stage is being assessed

?



Engaging in regular physical activity 

is great for your body, heart and brain
Farrow and Ellis, 2013



Engaging in regular physical activity 

allows to enhance 
cognitive abilities and

brain health

helps maintain abilities and slow decline
in people with MCI or dementia

lowers risk of 
developing dementia

Farrow and Ellis, 2013

is great for your body, heart and brain



Engaging in regular physical activity 

is great for your body, heart and brain

It is never too late to start

Whatever your stage of life, 
being fit and healthy matters

allows to enhance 
cognitive abilities and

brain health

helps maintain abilities and slow decline
in people with MCI or dementia

lowers risk of 
developing dementia

Farrow and Ellis, 2013



Recommendations

(1) Think of movement as an opportunity, not an inconvenience

(2) Be active every day in as many ways as you can

(3) Put together at least 30 minutes of moderate intensity physical 
activity on most days (preferably all days) 

Australian Government Department of Health and Ageing. Physical Activity Guidelines. http://www.health.gov.au/internet/main/publishing.nsf/Content/health-pubhlth-strateg-phys-act-guidelines.

For better health for (Australian) adults aged 18 to 64 years



Thank you for your attention!



Thank you for your attention!

And now get out and move your body…


	Slide Number 1
	Physical activity
	Physical activity
	4 types of physical activity
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Recommended
	Are we doing enough physical activity?
	Health risks of physical inactivity
	Health benefits of physical activity
	Health benefits of physical activity
	Physical activity and the brain
	Physical activity and the brain
	Physical activity and the brain
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Physical activity and the human brain
	Physical activity and the human brain
	Physical activity and the human brain
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	��
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Potential mechanisms
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Potential mechanisms
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Effects of Physical Exercise on Executive Functions
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Effects of Physical Exercise on Executive Functions
	Methodological challenges
	Methodological challenges
	Slide Number 67
	Methodological challenges
	Methodological challenges
	Engaging in regular physical activity 
	Engaging in regular physical activity 
	Engaging in regular physical activity 
	Recommendations
	Thank you for your attention!
	Thank you for your attention!

