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1. Who is presenting today?

2. Physical inactivity

3. Dual-process models

4. Automatic attraction toward effort minimization

5. Executive control of physical activity

6. Retraining automatic processes
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1.1. Academic background
1. WHO IS PRESENTING TODAY?

Assistant Professor
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Private Practice Hydrotherapy

1. WHO IS PRESENTING TODAY? 
1.2. Clinical background
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1. WHO IS PRESENTING TODAY? 
1.3. Research topics

NeurosciencePsychology

Physical Activity Aging

Epidemiology
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2. PHYSICAL INACTIVITY

6Kohl, et al., Lancet, 2012

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(12)60898-8/fulltext
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2. PHYSICAL INACTIVITY
2.1. What are we talking about?

1 METabolic Equivalent = O2 consumption at rest = 3.5 ml kg-1 min-1

1.5 MET 3 MET
5-6/10

6 MET
7-8/10

1 MET

SEDENTARY
Behavior

LIGHT-INTENSITY
Physical Activity

MODERATE-INTENSITY
Physical Activity

VIGOROUS-INTENSITY
Physical Activity

PHYSICAL ACTIVITY

Any bodily movement produced by skeletal muscles that requires energy expenditure.

WHO, 2020 7

https://www.who.int/publications/i/item/9789240015128
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2. PHYSICAL INACTIVITY
2.1. What are we talking about?

SPORT

Subcategory of physical activity
Performed within a set of rules and undertaken as part of leisure or competition

WHO, 2020 8

EXERCISE

Subcategory of physical activity
Planned, structured, repetitive, & purposeful 

Objective: Improving or maintaining physical fitness

https://www.who.int/publications/i/item/9789240015128
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2. PHYSICAL INACTIVITY
2.1. What are we talking about?

Physical inactivity
An insufficient physical activity level

to meet physical activity recommendations.

WHO, 2020 9

https://www.who.int/publications/i/item/9789240015128
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2. PHYSICAL INACTIVITY
2.2. WHO recommendations

WHO, 2020

Pregnant & Postpartum
Women

Children & Adolescents (5–17 years)
living with or without disability

Adults & Older adults

Cancer survivors
People living with hypertension,
type-2 diabetes, HIV, disability

10

https://www.who.int/publications/i/item/9789240015128
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2. PHYSICAL INACTIVITY
2.2. WHO recommendations

WHO, 2020 11

1.5 MET 3 MET
5/10 of maximal capacity

6 MET
7/10

1 MET

SEDENTARY
Behavior

LIGHT-INTENSITY
Physical Activity

MODERATE-INTENSITY
Physical Activity

VIGOROUS-INTENSITY
Physical Activity

Moderate-to-Vigorous Physical Activity (MVPA)

https://www.who.int/publications/i/item/9789240015128
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2. PHYSICAL INACTIVITY
2.3. Why such recommendations?

↓ Life Expectancy

↑ Cardiovascular Diseases 
↑ Breast & Colon Cancer
↑ Type 2 Diabetes
↑ High Blood Pressure
↑ Overweight & Obesity
↑ Arthritis
↑ Depression
↑ Dementia
↑ Falls

Morris et al., Lancet, 1953 12

https://doi.org/10.1016/S0140-6736(53)91495-0
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2. PHYSICAL INACTIVITY
2.3. Why such recommendations?

Cheval, […], & Boisgontier, Journal of Cachexia, Sarcopenia and Muscle, 2021. 13

N = 36,000
> 50 years

https://doi.org/10.1002/jcsm.12738
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Worldwide: 27 %

2. PHYSICAL INACTIVITY
2.4. How does it look like?

Guthold et al., Lancet Global Health, 2018 14

https://doi.org/10.1016/S2214-109X(18)30357-7
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2. PHYSICAL INACTIVITY
2.4. How does it look like?

European Commission, 2018; Guthold et al., Lancet Global Health, 2018

Evolution 2013 – 2017
Increase
Stable
Decrease

Despite gradually scaling up actions promoting physical activity, 
we are becoming less active. 

From 2010 to 2016, the number of inactive adults has increased by 5% worldwide, 
now affecting more than 1.4 billion people. 

15

https://ec.europa.eu/sport/news/2018/new-eurobarometer-sport-and-physical-activity_en
https://doi.org/10.1016/S2214-109X(18)30357-7
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Estimated cost of physical inactivity 
in France by type of cost (direct vs. indirect)

16

€17 billion

Sports.gouv.fr, 2018

🇫🇷

2. PHYSICAL INACTIVITY
2.5. Cost of physical inactivity

https://www.sports.gouv.fr/IMG/pdf/sporteco_sportsantefinancespubliques2018.pdf
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3. DUAL-PROCESS MODELS

Cheval & Boisgontier, Exerc Sport Sci Rev, 2021 17

Controlled processes 

Automatic processes 

http://matthieuboisgontier.com/doc/publication/2018/01/Cheval_Boisgontier_TEMPA_ESSR_authorversion.pdf
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Controlled processes 
- Rely on higher brain functions
- Slow
- Deliberative
- Require cognitive resources 
- Involve conscious awareness

Automatic processes
- Rely on learned associations
- Faster 
- Initiated unintentionally
- Tax cognitive resources to a much lesser extent
- Do not require conscious awareness 

3. DUAL-PROCESS MODELS
3.1. Controlled & Automatic processes

Cheval & Boisgontier, Exerc Sport Sci Rev, 2021 18

Implicit Association Test (IAT) 

http://matthieuboisgontier.com/doc/publication/2018/01/Cheval_Boisgontier_TEMPA_ESSR_authorversion.pdf
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3. DUAL-PROCESS MODELS
3.1. Controlled & Automatic processes

19

Implicit Association Test (IAT) 

Physical activity

Sedentary behavior

Evaluation

Concepts

Sort words or images into categories 
that are on the left and right side of the computer screen
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3. DUAL-PROCESS MODELS
3.1. Controlled & Automatic processes

20

Physical activity Sedentary behavior

Press the “e” key if the word belongs to the 
category on the left 

Press the “i” key if the word belongs to the 
category on the left 
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3. DUAL-PROCESS MODELS
3.1. Controlled & Automatic processes

21

Physical activity Sedentary behavior Physical activitySedentary behavior

Disgust
Disgust
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3. DUAL-PROCESS MODELS
3.1. Controlled & Automatic processes

22Project Implicit – Harvard University

https://implicit.harvard.edu/implicit/canadafr/takeatest.html
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3. DUAL-PROCESS MODELS
3.2. Current approaches in physical activity

Haseler et al., BMJ, 2019; WHO, 1996

1996
September 2019

“Even a brief discussion within a consultation 
can lead to change”

23

https://doi.org/10.1136/bmj.l5230
https://apps.who.int/iris/handle/10665/108545
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3. DUAL-PROCESS MODELS
3.3. Intention–behavior gap

European Commission, 2018

49 %

45 %

Intention

Very Strong

Moderate – Strong

Weak – Absent
6 %

< 4 times / month

Frequency

60 %

7 %
5 times / week

1-4 times / week33 %94 % 

46 % = NEVER 

24

https://ec.europa.eu/sport/news/2018/new-eurobarometer-sport-and-physical-activity_en
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3. DUAL-PROCESS MODELS
3.3. Intention–behavior gap

Rhodes  et al., Ann Behav Med, 2008

Aware of the positive effects & Intention to be physically active
BUT Intention is not sufficient as plans are often not executed 

25

https://doi.org/10.1007/s12160-008-9071-6
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4. AUTOMATIC ATTRACTION TOWARD EFFORT MINIMIZATION

Cheval, […], & Boisgontier, Sports Med, 2018. Boisgontier & Iversen, Phys Ther, 2020.  Cheval & Boisgontier, Exerc Sport Sci Rev, 2021 26

Physical Inactivity = Impulse Disorder - 2020

Rewarding value of physical inactivity behaviors - 2018

Impulse Disorder

Repeated failure to resist an 
impulse to minimize effort

Sports
Medicine

Systematic         
Review

Theory of effort minimization in physical activity (TEMPA) - 2021

Theory

http://matthieuboisgontier.com/doc/publication/2018/01/Cheval_SM_2018.pdf
http://matthieuboisgontier.com/doc/publication/2018/01/Boisgontier_PT_2020.pdf
http://matthieuboisgontier.com/doc/publication/2018/01/Cheval_Boisgontier_TEMPA_ESSR_authorversion.pdf
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4. AUTOMATIC ATTRACTION TOWARD EFFORT MINIMIZATION
4.1. Evolution

Jake Thompson. It’s jogging season again 27

https://www.gocomics.com/comics/lists/1722053/the-book-of-onions-book-preview
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4. AUTOMATIC ATTRACTION TOWARD EFFORT MINIMIZATION
4.1. Evolution

Chakravarthy & Booth, J Appl Physiol, 2004; Cheval & Boisgontier, Exerc Sport Sci Rev, 2021 28

Food availability & physical activity = same cycle

Alternating periods of food scarcity & abundance
are associated with higher & lower physical activity, 

respectively

https://doi.org/10.1152/japplphysiol.00757.2003
http://matthieuboisgontier.com/doc/publication/2018/01/Cheval_Boisgontier_TEMPA_ESSR_authorversion.pdf
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4. AUTOMATIC ATTRACTION TOWARD EFFORT MINIMIZATION
4.1. Evolution

Chakravarthy & Booth, J Appl Physiol, 2004; Cheval & Boisgontier, Exerc Sport Sci Rev, 2021 29

In our modern societies, 

energy-dense food is abundant & cheaper, 

food scarcity is often not a trigger of 
physical activity anymore.

https://doi.org/10.1152/japplphysiol.00757.2003
http://matthieuboisgontier.com/doc/publication/2018/01/Cheval_Boisgontier_TEMPA_ESSR_authorversion.pdf


matthieu.boisgontier@uOttawa.ca
@MattBoisgontier
http://matthieuboisgontier.com

4. AUTOMATIC ATTRACTION TOWARD EFFORT MINIMIZATION
4.2. Evidence from genetics

den Hoed et al., Am J Clin Nutr, 2013 30

420 Monozygotic 
352 Dizygotic

Environmental Factors

Sedentary Behaviors
% of explained variance

31 % Genetic Factors

69 %

https://academic.oup.com/ajcn/article/98/5/1317/4577348
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4. AUTOMATIC ATTRACTION TOWARD EFFORT MINIMIZATION
4.3. Evidence from biomechanics

Long & Srinivasan, J R Soc Interface, 2013; Ivanenko et al. Exerc Sport Sci Rev., 2007. 31
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First steps

https://doi.org/10.1098/rsif.2012.0980
https://journals.lww.com/acsm-essr/Fulltext/2007/04000/Neural_Control_of_Rhythmic_Human_Movement__The.6.aspx
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4. AUTOMATIC ATTRACTION TOWARD EFFORT MINIMIZATION
4.4. Evidence from neuroscience

Cheval, […] & Boisgontier, Neuropsychologia, 2018. 32

http://matthieuboisgontier.com/doc/publication/2018/01/cheval_psy_2018.pdf
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4. AUTOMATIC ATTRACTION TOWARD EFFORT MINIMIZATION
4.4. Evidence from neuroscience

Cheval, […], & Boisgontier, Neuropsychologia, 2018. 33

→ More brain activity required to avoid sedentary behaviors

Approach Physical Activity Approach Sedentary Behaviors

Avoid Sedentary Behaviors Avoid Physical Activity

N = 29 
young adults

http://matthieuboisgontier.com/doc/publication/2018/01/cheval_psy_2018.pdf
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5. EXECUTIVE CONTROL OF PHYSICAL ACTIVITY

34

5.1. Education

CHILDHOOD
Socio-Economic Circumstances 

(SEC)
Occupational position of main breadwinner

# books at home
# people living in the household

Hot running water
Inside toilet

Central heating

Physically Inactivity

Cheval, […], & Boisgontier, Med Sci Sports Exerc, 2018

MA = most advantaged; A = advantaged; 
M = middle; D = disadvantaged; MD = most disadvantaged 

ADULTHOOD SEC
Income

Main Occupation
Education

http://matthieuboisgontier.com/doc/publication/2018/01/cheval_psy_2018.pdf
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5. EXECUTIVE CONTROL OF PHYSICAL ACTIVITY

Cheval, […], & Boisgontier, Med Sci Sports Exerc, 2018. 35

5.1. Education
Pr

ob
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AgeAge

MenWomen
Most Disadvantaged
Disadvantaged
Middle
Advantaged
Most Advantaged

Early-life SEC Physical Inactivity

http://matthieuboisgontier.com/doc/publication/2018/01/cheval_psy_2018.pdf
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5. EXECUTIVE CONTROL OF PHYSICAL ACTIVITY

Cheval et al., Med Sci Sports Exerc, 2018. 36

5.1. Education

MA = most advantaged = reference (+); A = advantaged; 
M = middle; D = disadvantaged; MD = most disadvantaged 

Childhood SEC Physical Inactivity

Adulthood SEC
Income

Main Occupation
Education

Association between Childhood SEC & physical inactivity

O
dd

s o
f b

ei
ng

 in
ac

tiv
e

Odds of being inactive

Childhood SEC 

http://matthieuboisgontier.com/doc/publication/2018/01/cheval_psy_2018.pdf


5. EXECUTIVE CONTROL OF PHYSICAL ACTIVITY

Cheval , […], & Boisgontier, 2021 37

5.2. Which came first: The chicken or the egg?
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Mendelian randomization (genetic variants) 
to test causal relationship (age: 8-96 years)

General cognitive function
• Verbal & numerical reasoning
• Scores on neuropsychological tests

Physical activity 
• Acceleration in milli-gravities (mg)

• > 100 mg & < 425 mg = moderate physical activity
• ≥ 425 mg = vigorous physical activity

Cognition or Physical activity

http://matthieuboisgontier.com/doc/publication/2018/01/Cheval_MR_preprint.pdf


5. EXECUTIVE CONTROL OF PHYSICAL ACTIVITY

Cheval, […], & Boisgontier, BioRxiv, 2021 38

5.2. Which came first: The chicken or the egg?
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http://matthieuboisgontier.com/doc/publication/2018/01/Cheval_MR_preprint.pdf
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5. EXECUTIVE CONTROL OF PHYSICAL ACTIVITY

Cheval , […], & Boisgontier, Health Psychol, 2020 39

5.2. Which came first: The chicken or the egg?

Cognitive resources
• Delayed recall (10 words)
• Verbal fluency: Name as many animals as possible in 1 min
• Education: Primary, secondary, tertiary

Physical activity frequency
• Times/week

o More than 1/week
o 1/week
o 1-3/month
o Rarely or never

N = 105,206
> 50 years

http://matthieuboisgontier.com/doc/publication/2018/01/Cheval_HP_2020.pdf
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5. EXECUTIVE CONTROL OF PHYSICAL ACTIVITY

Cheval, […], & Boisgontier, Health Psychol, 2020 40

5.2. Which came first: The chicken or the egg?

Delayed  Recall

M
od

er
at

e 
 P

hy
si

ca
l  

Ac
tiv

ity

AgeAge Age

Verbal  Fluency Level  of  Education
COGNITIVE RESSOURCE

“Less than 
once a week”

“Once a 
week”

“More than 
once a week”

http://matthieuboisgontier.com/doc/publication/2018/01/Cheval_HP_2020.pdf
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5. EXECUTIVE CONTROL OF PHYSICAL ACTIVITY

Cheval, […], & Boisgontier, Health Psychol, 2020 41

5.2. Which came first: The chicken or the egg?

Delayed  Recall

Vi
go

ro
us

Ph
ys

ic
al

  A
ct

iv
ity

AgeAge Age

Verbal  Fluency Level  of  Education
COGNITIVE RESSOURCE

“Less than 
once a week”

“Rarely or 
never”

http://matthieuboisgontier.com/doc/publication/2018/01/Cheval_HP_2020.pdf


5. EXECUTIVE CONTROL OF PHYSICAL ACTIVITY

Cheval, […], & Boisgontier, Health Psychol, 2020 42

5.2. Which came first: The chicken or the egg?

Physical 
Activity

Education
Level
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Physical 
Activity

Verbal 
Fluency

Physical 
Activity

Delayed 
Recall

?

?

http://matthieuboisgontier.com/doc/publication/2018/01/Cheval_HP_2020.pdf
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Cheval, […], & Boisgontier, Health Psychol, 2020 43

5.2. Which came first: The chicken or the egg?
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http://matthieuboisgontier.com/doc/publication/2018/01/Cheval_HP_2020.pdf


5. EXECUTIVE CONTROL OF PHYSICAL ACTIVITY

Cheval, […], & Boisgontier, Prev Med, 2019 44

5.3. Executive control & Physical activity & Neighborhood conditions  
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Neighborhood Conditions
• ACCESS

o Sufficient facilities within reasonable walking distance 
(pharmacy, medical care, grocery)

o Sufficient possibilities for public transportation 

• NUISANCES
o Pollution, noise or other environmental problems
o Vandalism or crime 

N = 28,393
> 50 years

http://matthieuboisgontier.com/doc/publication/2018/01/cheval_pm_2019.pdf
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Cheval, […], & Boisgontier, Prev Med, 2019 45

5.3. Neighborhood conditions & Executive control of physical activity
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http://matthieuboisgontier.com/doc/publication/2018/01/cheval_pm_2019.pdf


5. EXECUTIVE CONTROL OF PHYSICAL ACTIVITY

Cheval & Boisgontier, 2021 46

5.4. The theory of effort minimization in physical activity (TEMPA)
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https://doi.org/10.1249/JES.0000000000000252


6. RETRAINING AUTOMATIC PROCESSES

47
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1 – Fitness
2 – Energetic expenditure
3 – Time

4 – Sex
5 – Age
6 – Hunger



6. RETRAINING AUTOMATIC PROCESSES
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Wittekind et al., J Behav Ther Exp Psychiatry, 2015; Fishbach & Shah,J Pers Soc Psychol, 2006; Wiers et al., Psychol Sci, 2011

https://www.sciencedirect.com/science/article/abs/pii/S0005791614000767
https://content.apa.org/record/2006-07099-007
https://doi.org/10.1177/0956797611400615
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