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General Outline 

ÅLecture 1 

Basic concepts and psychobiology of perception of 

effort 

ÅLecture 2 

How to measure and use perception of effort in sport 

and exercise 

ÅLecture 3 

Mood and sport-specific recovery measures 

ÅLecture 4 

Cognitive testing and other psychobiological measures 



Lecture 1 



Outline 

ÅWhat is training monitoring? Conceptual 

model and discussion 

ÅWhat is psychobiology? Applications to 

sport and exercise (and other fields) 

ÅPerception of effort: what it is and where it 

comes from 

ÅQuestions 



Conceptual Model 



Discussion 

What are the most common 

measures of external and 

internal training load? 



Discussion 



Discussion 



Discussion 

Psychology 

Cognition 
(including 

perception) 

Motivation 
(quality 

and 
quantity) 

Emotion 
(including 

mood) 



Discussion 

Psychophysical 

Measures 

Psychological 

Questionnaires 

Put a number on it !!! 



Psychobiology 

ÅA term coined by the Swiss-born 

US psychiatrist and neurologist 

Adolf Meyer (1866ï1950) for the 

study of the relationships 

between psychological and 

biological phenomena. 

ÅSimilar terms: cognitive 

neuroscience, biological 

psychology, psychophysiology, 

physiological psychology, 

behavioural neuroscience 



My Psychobiological Approach 

Motivation Psychology            Exercise Physiology           Cognitive Neuroscience 



Applications 



Applications 



Applications 



London to Beijing Expedition 2013 



The Route and its ñStressorsò 

15,000 miles, 85 days 



Crazy Traffic 







High Altitude riding. 

5,000m (16,404 ft)+ passes etc 





Bad Weather 



Injury 



Off Road Riding 



 

High Altitude 



Mt Everest 



16,706 feet 



Basic Accomodation 



Strange Food 



The ñLab in a Pannierò 



Body Composition 



Cardiorespiratory Fitness 



Portable Physiological Monitor 



Core Body Temperature Pill 



Pulse Oximetry 



Muscle Fatigue and Cognitive Fatigue 



Various Psychological Measures 

(including Profile of Mood States, POMS) 



Discussion 

Psychophysical 

Measures 

Psychological 

Questionnaires 

Put a number on it !!! 



Perception of Effort 
Perception of effort is the conscious sensation of 

how hard, heavy, and strenuous a physical task is 

(Encyclopaedia of Perception 2010). Different from 

exercise-induced muscle pain and tiredness. 

Borg RPE Scale 



Borg RPE Scale 



Note: this is valid for all sensations/perceptions apart from perception of 

effort 



Neurophysiology of Perception of Effort 

Group III and IV 



(Marcora. JAP 2009) 

Neurophysiology of Perception of Effort 





Cardiopulmonary Sources of Afferent Feedback 

Borg RPE Scale 

(White, 1957) 



Cardiopulmonary Sources of Afferent Feedback 
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Peripheral/Metabolic Sources of Afferent Feedback 

Blood lactate (mmolĿL
-1

)

0 2 4 6 8 10 12 14 16

R
P

E
 (

C
R

-1
0
 s

c
a

le
)

1

2

3

4

5

6

7

8

9

10

r=0.97
P<0.001

Perceived exertion and lactate 
during soccer activities 

(Coutts et al., 2009)  



Experimental Muscle Pain 

(Khan et al., 2011) 

Peripheral/Metabolic Sources of Afferent Feedback 



Isometric Contractions of Elbow Flexors 

(Khan et al., 2011) 

Figure B. Subjects instructed to ñpull up with 5%, 10%, 25%, 50%, or 

75% of your maximal effortò (RPE Production Method)   

Peripheral/Metabolic Sources of Afferent Feedback 



 Pollack, Amman et al.      Intramuscular Injections, No Exercise 

Peripheral/Metabolic Sources of Afferent Feedback 



 Pollack, Amman et al.      Intramuscular Injections, No Exercise 

10 SUBJECTS 

Metabolite combinations found in resting 

muscles (pH 7.4+300nM ATP+1mM 

lactate) also evoked no sensation. The 

infusion of a metabolite-combination 

found in muscle during moderate 

endurance-exercise (pH 7.3+400nM 

ATP+5 mM lactate) produced significant 

fatigue sensations. Infusion of a 

metabolite-combination associated with 

vigorous exercise (pH 7.2+500nM 

ATP+10mM lactate) produced stronger 

sensations of fatigue and some ache. 

Higher levels of metabolites (as found 

with ischemic exercise) caused more 

ache but no additional fatigue-sensation. 

NO SUBJECT REPORTED SENSATION 

OF EFFORT !!! 

Peripheral/Metabolic Sources of Afferent Feedback 
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(Marcora. JAP 2009) 

Neurophysiology of Perception of Effort 



Neurophysiology of Perception of Effort 

(Marcora. JAP 2009) 



Motor-Related Cortical Potentials 

Electroencephalography 

(EEG) 



Left. Experimental set-up. Right. Strength loss after fatiguing protocol. À 
significant paired difference.  
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De Morree  et al. Psychophysiology 2012; 49(9): 1242-1253 
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Central Motor Command and RPE 



Movement-related cortical potentials at five electrodes for the four weightlifting conditions over time. 

contra is contralateral to the movement and ipsi is ipsilateral to the movement. Time 0 s is EMG onset. 

Central Motor Command and RPE 



Within-subject correlation between rating of perceived effort and average Cz amplitude during the first 
1000 ms of movement. Each data point represents the means Ñ standard errors for one of the four 
conditions. The correlation coefficient was r(14) = -0.64 (p < 0.001). 

Cz amplitude 0-1000 ms (mV)
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Left. Experimental set-up. Right. Effects of caffeine and exercise 
duration on perception of effort. * Significant main effect of caffeine. # 
Significant main effect of exercise duration 
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De Morree  et al. Journal of Applied Physiology 2014; in press 



Movement-related cortical potentials at five electrodes for the first 50 and last 50 contractions in the 
caffeine and placebo conditions. Time 0 ms is EMG onset. 

Central Motor Command and RPE 



Movement-related cortical potentials at five electrodes for the first 50 and last 50 contractions in the 
caffeine and placebo conditions. Time 0 ms is EMG onset. 
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Brain Imaging 



Weight corresponding to RPE ñ3ò on the CR-10 scale 

Four 16 s contraction/16 s rest cycles = 1 run 

Ten runs per leg (alternating right and left) = 40 total contractions 

per leg 

RPE assessed at the end of each run using the CR-10 scale 

Central Motor Command and RPE 



RIGHT LEG LEFT LEG 

Contraction vs Rest 

Central Motor Command and RPE 



Randomized crossover 

AB/BA design 

A = Eccentric fatiguing 

protocol 

B = Control 

Eccentric fatiguing 

protocol = 100 reps at 60 

deg/sec with 20ò rest 

between reps 

No lactate production, no 

pain and soreness during 

experiment 

Isokinetic Dynamometer 

Central Motor Command and RPE 



* Main effect of time P < 0.05 

Central Motor Command and RPE 



* Main effect of condition P < 0.05 

Central Motor Command and RPE 



RIGHT LEG 

Primary Motor Cortex 

Anterior Cingulate Cortex 

Posterior Cingulate Cortex 

Frontal Pole 

(1.65 vs. 2.3 threshold) 

Fatigued vs Non Fatigued 

LEFT LEG 

Primary Motor Cortex 

Anterior Cingulate Cortex 

Premotor Cortex 

Somatosensory Cortex 

Temporoparietal Junction 

Central Motor Command and RPE 



Primary Motor Cortex 

Fatigued vs Non Fatigued 

Anterior Cingulate Cortex 

Central Motor Command and RPE 









Anterior cingulate 

cortex (ACC) lesions 

affect how much 

effort rats decided to 

invest for rewards 

(ñlazy ratsò). 


