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s Rating of Perceived Exertion During Concentric and Eccentric
Cycling: Are We Measuring Effort or Exertion?

Luis Penailillo, Karen Mackay, and Chris R. Abbiss

Despite the terms’ often being used interchangeably, it has been suggested that perceptions of effort and perceptions of exertion
may differ. Eccentric (ECC) cycling may provide a model of exercise by which differences between these perceptions can be
examined. Purpose: To examine and compare perceptions of effort and exertion during ECC and concentric (CONC) cycling at 4
intensities. Methods: Ten healthy male participants (mean [SD]: age = 29.8 [2.3] y) performed an incremental cycling test for the
determination of maximal aerobic power output, followed in a randomized and crossover design, by four 5-min bouts (30%, 60%,
80%, and maximal) of either ECC or CONC cycling. Through each bout, participants were asked to report their perceived effort,
exertion, and muscle pain. Heart rate and oxygen consumption were continuously recorded throughout each bout. Results:
Perceived exertion was greater for CONC at 30% (8.5 [1.5] vs 7.1 [1.8]; P=.01), 60% (12.4 [1.4] vs 10.3 [2.0]; P=.01), 80%
(15.8[1.7] vs 124 [2.5]; P<.01), and maximal (17.2[1.3] vs 15.6 [1.8]: P=.03) in comparison with ECC. Perceptions of effort
and pain were similar between CONC and ECC. Heart rate and oxygen consumption were greater during CONC than ECC.
Conclusions: Perceived exertion was greater during CONC compared with ECC cycling, yet effort was similar between
conditions despite different physiological stress. Such findings have implications for understanding the development of such
perceptions during exercise.

Keywords: efference copy, corollary command, perceptions

Rating of perceived exertion (RPE) is one of the most utilized  they are not identical and differ slightly in their meaning. Exertion

measurements in exercise and sports science settings. Exercise-
induced increases in psychophysiological stress are extremely
important in many aspects of exercise capacity and performance
including the development and perceptions of fatigue,' the distri-
bution of pace,”* and one’s motivation or desire to exercise. To
date, several RPE scales have been developed to assess psycho-

may been defined as the “degree of heaviness and strain experi-
enced in physical work,”!” whereas effort may be regarded as “the
amount of mental or physical energy being givento a task.”” Based
on such definitions, it is plausible that the relative contribution of
factors important in the development of such perceptions differs
slightly and that an individual’'s physiological state (ie, cardio-
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Fig 4. Optic flow study experimental design
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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

Original article

Perceptual cues in the regulation of exercise
performance — physical sensations of exercise and
awareness of effort interact as separate cues

Jeroen Swart, Timothy Robert Lindsay, Michael lan Lambert, James Craig Brown,

Timothy David Noakes

ABSTRACT

It has been argued that the physical sensations induced
by exercise, measured as the ratings of perceived
exertion (RPE), are distinct from the sense of effort.
This study aimed to determine whether a new measure
of task effort — the Task Effort and Awareness (TEA)
score — is able to measure sensations distinct from
those included in the conventional RPE scale. Seven
well-trained cyclists completed a maximal effort 100 km
time trial (TT) and a submaximal trial at 70% of the
power sustained during the TT (70% TT). Five maximal
1 km sprints were included in both trials. Both the RPE
related solely to physical sensation (P-RPE) and the
TEA score increased during the TT and were linearly
related. During the 70% TT, both P-RPE and TEA scores
increased, but TEA increased significantly less than
P-RPE (p<0.001). TEA scores reached maximal values
inall 1 km sprints in both the maximal TT and 70% TT,
whereas the RPE increased progressively, reaching

a maximal value only in the final 1 km sprints in both
the TT and the 70% TT. These results indicate that the
physical sensations of effort measured as the P-RPE

experience and greater certainty about the end
point. This finding has been independently con-
firmed."™ The model by Tucker and Noakes pro-
poses that a mismatch between the expected and
actual RPE produces an alteration in the workload
to correct this mismatch. However, their model
does not include a mechanism to explain how the
CNS corrects the workload to ensure that the RPE
is maintained within the constraints imposed
by the predetermined template. Specifically, the
model by Tucker and Noakes leaves unanswered
the question of whether the decision to modify
the workload is determined consciously or sub-
consciously. This is relevant because the current
debate of how the CNS regulates exercise perfor-
mance focuses on the contrasting views that this
controller acts subconsciously'® or consciously,'
or as a combination of both.'” ¥ De Koning et al*®
have recently proposed that an index of momen-
tary RPE predicts the subsequent pace chosen and
have named this the ‘hazard score’. The end point
of the event is a key anchor against which the
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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
lenergy being given to a task.”

Borg, 1998

Task Effort & Awareness: “...psychological effort
required to sustain or increase work...”

Physical Sensations of Effort: “...experienced physical
isensations ...distinct from psychological effort.”

Swart et al., 2012
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Truth 1: Perceptions are Real

SUBCONSCIOUS

Exercise intensity based on
prior experience to complete
a task within biomechanical /
metabolic limits of the body

CONSCIOUS

Interpretation of afferent
sensations against expected
outcomes; conscious
perception of effort

l

4

Efferent commands

Adaptations / antecedent
exposures

v

Reset homeostatic control
forecasting

Fig 7. Central Governor Theory

(Adapted from Lambert, St Clair Gibson & Noakes, 2005 Br J Sports Med)
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Truth 2: The future I1s uncertain

Retrospection: re-experiencing the past
Is it the universal mechanism

Cercepiignc BIRERIERETRG B R tiiae Present

Prospection: imagihiig &range of pOSS|b|I|t|es and their
consequences through mental simulation..

‘ Pﬁ»@b”pﬁm-—
\

| INT ATE
Other Stuff

Exteroceptlon
Experience
Expectation

} \\.J

Sensory/ Interoceptive Input

La
E University of Essex



/ 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.

4 EXPERT TIME TRIAL CYCLISTS N

[ 10 MILE TIME TRIAL #1 1 [ 10 MILE TIME TRIAL #2 }
S )

4 NOVICE TIME TRIAL CYCLISTS )

EXPERT V NOVICE
(BETWEEN-SUBJECTS FACTOR)

P
<

[ 10 MILE TIME TRIAL #1 } [ 10 MILE TIME TRIAL #2 1
- 4

CYCLING TIME TRIALS

(WITHIN-SUBJECTS FACTOR) r

|
-l University of Essex
=



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...\
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Fig 13. Road Time Trial Gaze Duration 10 mile
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Fig 14. Rating of Fatigue (Micklewright et al. 2017, Sports Med. 47:2375-93.)
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Fig 15. RPE-ROF Discriminant Validity during Recovery

Micklewright et al. 2017, Sports Med. 47:2375-93.
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Fig 16. RPE-ROF Discriminant Validity during Recovery
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Fig 17. RPE versus ROF Discrimination during Cycling
Micklewright, West, Williamson, St Clair Gibson & Gladwell (unpublished)
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Fig 17. RPE versus ROF Ramp-up
Micklewright, West, Williamson, St Clair Gibson & Gladwell (unpublished)
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Fig 18. RPE versus ROF Constant Load

Micklewright, West, Williamson, St Clair Gibson & Gladwell (unpublished)
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Fig 19. RPE versus ROF Ramp-down
Micklewright, West, Williamson, St Clair Gibson & Gladwell (unpublished)
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Fig 20. Lower average RPE during Ramp Down

Micklewright, West, Williamson, St Clair Gibson & Gladwell (unpublished)
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/ Conclusions
Perceptions...

Are context specific
Are multifarious in nature

Performance...

nt of view.”

Y

Do not always truly represent actual physiological state

Must be measured, interpreted & applied with great care

RPE-Endpoint explanations may be too rigid

Context and individual-specific systems are more adaptive
Remember, perceptions feel ‘real’ to your cyclists N
Perceived fatigue may be of greater applied relevance

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

Obi-Wan Ken
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Role of Ratings of Perceived Exertion during Self-Paced Exercise:
What are We Actually Measuring?

Chris R. Abbiss' + Jeremiah J. Peiffer’ - Romain Meeusen™* - Sabrina Skorski>®
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uvalised priorities and knowledge of personal capabilities.  effort [5]. This can been seen in the diverse actions of daily
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Are pacing decisions intuitive or deliberative?

More dimensions than conscious-subconscious

Dual processes: Fast & slow thinking (Kahneman &
Frederick, 2002)

INTUITION DELIBERATION

Automatic / subconscious cConscious

Low cognitive effort

High cognitive effort
No working memory load Working memory load
Quick s  Slow

Parallel processes _ Serial processes
Independent of g > g dependent

~ Language-related reflection

L




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...



Fig 2. Experimental Design. Adapted from Micklewright D,
Papadopoulou E, Swart J, Noakes T (2010) Br J Sports Med.
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Fig 3. False Experience Group: Power Output & RPE
when Feedback is not Consistent with Experience

(Micklewright, Papadopoulou, Swart & Noakes, 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...



Risk Perception

Feople often see some risk in situations that contain uncertaintvy about what
the outr Risk Taking

negativ

notion, |

situatior For each of the following statements, please indicate the likelihood that you
how risl would engage in the described activity or behavior if you were to find yourself
to 'Exire in that situation. Provide a rating from 'Extremely Unlikely' to 'Extremely Likely',
using the following scale:

Betting a day’s income in the outcome of a sporting event

§EF s

T S5 S £ =
Adi % -%; E % E i‘%
Go 328 8 3 2
Bet Admitting that your tastes are different from those of a friend @ @ @ @ @ @
I Going camping in the wilderness @ @ @ @ @ @
Diril Betting a day’s income at the horse races @ @ @ @ @ @
Tak Investing 10%o0f your annual income in a moderate growth mutual fund @ @ @ @ @ @
Dis Drinking heavily at a social function @ @ @ @ @ @
Bei Taking some questionable deduction on your tax return @ @ @ @ @ @
Ha Disagreeing with an authority figure on a major issue @ @ @ @ @ @
Pa: Betting a day’s income at a high stake poker game @ @ @ @ @ @
Gol Having an affair with a married man/women @ @ @ @ @ @
I Passing off somebody else’s work as your own @ @ @ @ @ @
Gol Going down a ski run that is beyond your ability @ @ @ @ @ @
Bet Investing 5% of your annual income in very speculative stock @ @ @ @ @ @
Eni Going white water rafting at high water in the spring @ @ @ @ @ @

SICIOICIOND,

@@ &G W

Engaging in unprotected sex

EEOEEOE®EOEE®E®E®E®E®E @)Exremel likely



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



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, 20095)...



Fig 7. Experimental protocol — Cognitive development and
pacing behaviour in children

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

Micklewright et al. (2012) Med Sci Sports Ex. 44(2), 362-369
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Fig 9. Interaction between age group and pacing

Micklewright et al. (2012) Med Sci Sports Ex. 44(2), 362-369
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Fig 10. Prospective simulation is imperfect

(Adapted from Gilbert & Wilson, 2007. Science)
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Fig 11. Information Processing Approaches to Decisions
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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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ﬁye-tracking methods




Fig 16. Design Eye-tracking Time Trial Study Design
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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
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Fig 20. Segment differences primary information frequency
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Fig 21. Design — How Much Information?
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Fig 22. Condition Difference in Performance
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Fig 23. Pacing Differences Prime vs All-Prime
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Fig 24. Condition Differences in Gaze Fixation
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Fig 25. Condition Differences in Gaze Freguency
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Fig 26. Design — Information Exposure Length?
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Fig 27. Condition Difference in Performance
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Fig 28. Condition Difference in Pacing
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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



The Conscious-Subconscious Pacing Quagmire!
New Opportunities in Dual Process Theory and
Process Tracing Methods
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