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Myth 1: Perception = RealityMyth 1: Perception = Reality





Fig. 1 Afferent vs Corollary Models of RPE
Marcora (2009)





Figure 2. Afferent Feedback Model

Other Stuff

Exteroception

Experience

Expectation

DISRUPT

Perception

Sensory / Interoceptive Input



Other Stuff

Exteroception

Experience

Expectation

DISRUPT

Sensory / Interoceptive Input

Perception

Central 

Command
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Fig 4. Optic flow study experimental design

Parry, Chinnasamy & Micklewright, 2012: J Sport & Ex. Psych.



Fig 5. RPE and Optic Flow

Parry, Chinnasamy & Micklewright, 2012: J Sport & Ex. Psych.
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Fig 6. Perception-Reality Discrimination
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Myth 2: Exertion and Effort are the same



Perceived Exertion: “…degree of heaviness and strain 

experienced in physical work.” 

Perceived Effort: “…the amount of mental or physical 

energy being given to a task.”
Borg, 1998

Myth 2: Exertion and Effort are the same

Task Effort & Awareness: “…psychological effort 

required to sustain or increase work…”

Physical Sensations of Effort: “…experienced physical 

sensations …distinct from psychological effort.”

Swart et al., 2012



Fig 7. Central Governor Theory
(Adapted from Lambert, St Clair Gibson & Noakes, 2005 Br J Sports Med)

Truth 1: Perceptions are Real







Retrospection: re-experiencing the past

Perception: mental representation of the present

Prospection: imagining a range of possibilities and their 

consequences through mental simulation…

Truth 2: The future is uncertain 

Is it the universal mechanism 

for contextualising RPE in the 

future ?



Fig 8. Eye-tracking methods
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Fig 9. Experimental design – expert vs novice 

differences in information acquisition

Boya et al. (2017) Medicine & Science in Sports & Exercise. 49(9),1884-1898. 
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Fig 10. Expert vs. novice object of regard

Boya et al. (2017) Medicine & Science in Sports & Exercise. 49(9),1884-1898. 
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Fig 11. Object of Regard Gaze Duration 10 mile 

Boya et al. (2017) Medicine & Science in Sports & Exercise. 49(9),1884-1898. 
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Fig 12. Taking it in the field…



Fig 13. Road Time Trial Gaze Duration 10 mile 

Unpublished



Fig 14. Rating of Fatigue (Micklewright et al. 2017, Sports Med. 47:2375-93.) 

Perceived fatigue is a feeling of diminishing 
capacity to cope with physical or mental 
stressors, either imagined or real. 



Fig 15. RPE-ROF Discriminant Validity during Recovery

Micklewright et al. 2017, Sports Med. 47:2375-93.



Fig 16. RPE-ROF Discriminant Validity during Recovery 
Micklewright et al. 2017, Sports Med. 47:2375-93.



Fig 17. RPE versus ROF Discrimination during Cycling
Micklewright, West, Williamson, St Clair Gibson & Gladwell (unpublished)



Fig 17. RPE versus ROF Ramp-up 
Micklewright, West, Williamson, St Clair Gibson & Gladwell (unpublished)



Fig 18. RPE versus ROF Constant Load
Micklewright, West, Williamson, St Clair Gibson & Gladwell (unpublished)



Fig 19. RPE versus ROF Ramp-down 
Micklewright, West, Williamson, St Clair Gibson & Gladwell (unpublished)



Fig 20. Lower average RPE during Ramp Down
Micklewright, West, Williamson, St Clair Gibson & Gladwell (unpublished)



Conclusions
Perceptions…

Do not always truly represent actual physiological state

Are context specific

Are multifarious in nature

Must be measured, interpreted & applied with great care

Performance…

RPE-Endpoint explanations may be too rigid

Context and individual-specific systems are more adaptive

Remember, perceptions feel ‘real’ to your cyclists

Perceived fatigue may be of greater applied relevance

“Many of the truths we cling to depend greatly on our 

point of view.”

Obi-Wan Kenobi
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The Conscious-Subconscious Pacing Quagmire! 
New Opportunities in Dual Process Theory and 

Process Tracing Methods
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• Most pacing models are heavily dependent 

on perceived exertion and

• are derived from studies where RPE was 

measured

• …but we should be cautious of RPE 

measurements and what it is actually 

measuring



Fig 1. RPE Performance Template & Expectation
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• Only a rudimentary understanding of 

cognitive mechanisms of pacing

• More sophisticated methods needed to 

understand and evidence mechanisms 





• No model accounts for individual 

traits…for instance, riskiness

• Conscious-subconscious: A useful 

dichotomy?...

Adapted from Tucker & Noakes (2009) Br J 
Sports Med



Conscious ⊆ Subconscious ⊆ Unconscious

UNCONSCIOUS

SUBCONSCIOUS

CONSCIOUS

• Lack of clarity around terminology

• Pacing can never be conscious OR

un/subconscious. Think shifting subsets.



1. Minor homeostatic pacing modifications 

could operate at a subconsciously

2. …Major threats to homeostasis lead to 

conscious awareness and a deliberate 

behavioural pacing response 



Conscious ⊆ Subconscious ⊆ Unconscious

UNCONSCIOUS

SUBCONSCIOUS

CONSCIOUS

• Lack of clarity around terminology

• Pacing can never be conscious OR

un/subconscious. Think shifting subsets.

• Chasing the conscious-subconscious 

question probably won’t help



Are pacing decisions intuitive or deliberative?

More dimensions than conscious-subconscious

Dual processes: Fast & slow thinking (Kahneman & 

Frederick, 2002)

INTUITION

Automatic / subconscious

Low cognitive effort

No working memory load

Quick

Parallel processes

Independent of g

DELIBERATION

Conscious

High cognitive effort

Working memory load

Slow

Serial processes

g dependent

Language-related reflection



The pro’s & con’s of intuition…

Very fast, little cognitive effort and effective in complex 

or confusing situations with imperfect information

Easily (too easily?) modifiable…consistency issues:

- Affect Heuristic

- Framing Heuristic

- Belief Heuristic…
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Fig 2. Experimental Design. Adapted from Micklewright D, 
Papadopoulou E, Swart J, Noakes T (2010) Br J Sports Med.
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Fig 4. False Experience Group: Power Output & RPE 

when provided with feedback
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The pro’s & con’s of intuition…

Very fast, little cognitive effort and effective in complex 

or confusing situations with imperfect information

Easily (too easily?) modifiable…consistency issues:

- Affect Heuristic

- Framing Heuristic

- Belief Heuristic

- Personality…





Fig 5. Risk perception group 5 km cycling TT pace differences

Micklewright et al. (2015) Med Sci Sports Ex. 47(5), 1026-1037
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Fig 6. Risk perception 100 km ultramarathon pace differences

Micklewright et al. (2015) Med Sci Sports Ex. 47(5), 1026-1037
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Judgement, Hypothetical Thinking and Choice

Deciding requires hypothetical/prospective thinking 

which is an extremely complex process…

Do you choose:

Conservative starting pace with 90% chance of 

completing & 10% chance of achieving PB

OR

Fast start with 50% chance of completing & 

50% chance of achieving PB



Endpoint Focused Pacing:
Retrospection, Perception and Prospection

Retrospection: re-experiencing the past

Perception: mental representation of the present

Prospection: imagining a range of possibilities and their 

consequences through mental simulation…

Brain combines incoming information with memories of 

past events to ‘simulate’ the future. Evidence:

1. PFC damaged patients (Fellows, 2005)

2. Neuroimaging studies PFC & medial temporal lobe activation 

with prospective thought (Schacter, 2007)

3. Prospection not present in young children (Atance, 2005)…



Fig 7. Experimental protocol – Cognitive development and 

pacing behaviour in children

Micklewright et al. (2012) Med Sci Sports Ex. 44(2), 362-369



Fig 8. Example Piagetian conservation task
Micklewright et al. (2012) Med Sci Sports Ex. 44(2), 362-369

Same Different?
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Fig 9. Interaction between age group and pacing

Micklewright et al. (2012) Med Sci Sports Ex. 44(2), 362-369



Fig 10. Prospective simulation is imperfect

(Adapted from Gilbert & Wilson, 2007. Science)

H1=H2 if e1=e2 & ē1=ē2

H1≠H2 if e1≠e2 and/or ē1≠ē2





Fig 11. Information Processing Approaches to Decisions
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Fig 11. Information Processing Approaches to Decisions
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about athletic decision-

making processes? 

Fig 12. Adequacy of the pacing trace
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Fig 12. Adequacy of the pacing trace
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Fig 13. Hidden Predecisional Cognitive Processes



Fig 14. Information seeking in children during a self-paced run

Chinnasamy, Parry, St Clair Gibson & Micklewright, 2012. MSSE
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Fig 15. Information Acquisition in Schoolchildren

Chinnasamy, Parry, St Clair Gibson & Micklewright, 2012. MSSE
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Eye-tracking methods
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Boya et al. 2015, J. Sci. Cycling 4(2) - Abstract
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Fig 17. Gaze fixation between experts and novices

Boya et al. 2015, J. Sci. Cycling 4(2) - Abstract
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Fig 18. Gaze frequency between experts and novices

Boya et al. 2015, J. Sci. Cycling 4(2) - Abstract
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Fig 19. Segment differences primary information fixation

Boya et al. 2015, J. Sci. Cycling 4(2) - Abstract
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Fig 20. Segment differences primary information frequency

Boya et al. 2015, J. Sci. Cycling 4(2) - Abstract
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Fig 21. Design – How Much Information?

Boya et al. 2016 Med Sci Sports Exerc, 48(5) S1
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Fig 22. Condition Difference in Performance

Boya et al. 2016 Med Sci Sports Exerc, 48(5) S1
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Fig 23. Pacing Differences Prime vs All-Prime

Boya et al. 2016 Med Sci Sports Exerc, 48(5) S1



Fig 24. Condition Differences in Gaze Fixation

Boya et al. 2016 Med Sci Sports Exerc, 48(5) S1



Fig 25. Condition Differences in Gaze Frequency

Boya et al. 2016 Med Sci Sports Exerc, 48(5) S1

Restricted info. may advantage performance

Providing primary preferred source

Perhaps less distractor cues



Fig 26. Design – Information Exposure Length?
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Fig 27. Condition Difference in Performance

Unpublished



Fig 28. Condition Difference in Pacing

Unpublished



Taking it in the field…



Fig 11. Information Processing Approaches to Decisions
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Fig 29. Process Tracing Methods and Dual Processes
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Summary Points

Pacing models are helpful but mechanisms still light

Conscious-subconscious debate, although interesting, won’t 

get us far

Dual process thinking models provide useful insights about 

how pacing decisions are made

Pacing trace reflects decision outcomes not processes

Hidden pre-decisional information acquisition and integtration

processes demand special process tracing methods

Early information acquisition work with eye-trackers suggests 

information is used is a much more adaptive way that 

suggested by previous models

Future work must focus on understanding predecisional

information processes, ideally in naturalistic settings
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