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Pacing strategy and Individual Time-Trial Performance
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INTRODUCTION

Optimal pacing strategy

Biomechanical modelling Psychophysiological aspects

Reduce biomechanical losses Reduce fatigue

Improve performance for a 
same mean PO

Atkinson et al., 2007

Cangley et al., 2011

Wells et al., 2016

Abbiss et al., 2008

Foster et al., 1993

Tucker, 2009

Improved mean PO

Improved performance
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Exposure Variation Analysis (EVA)

Abbiss et al., 2010; Mathiassen and Winkel, 1991

INTRODUCTION

110% of mean PO

90% of mean PO

4 s 2 s8s 3 s 2 s 4 s12 s 13 s 5 s 6 s 4 s7 s

31% 30%

39%

Intensity regulation 
indices

< 10 s > 10 s
19%

13%

26%

13%

Accurate PO (APO)

Inaccurate PO (IPO)

Short time regulations
(REG)

EVA method

6 s 12 s 614 s 10 s11 s

EVA matrix

Intensity zones

Acute time zones

9 s25 seconds

-90% 90 to 110% +110%
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Exposure Variation Analysis to study exercise intensity regulation during ITT

Ouvrard et al., under review

INTRODUCTION

Each seconds spent at a constant mean PO, optimal for performance

Each prolonged effort at a too low or too high PO regarding optimal pacing strategy

Short-time regulations to avoid prolonged efforts at too low or too high PO

APO

IPO

REG

Parameters the more significantly related to performance during national ITT championship

APO

IPO

Better effort regulation

Greater use of the 
cyclist’s physical 

capacity during ITT

Better performance

APO

Good effort regulation

IPO

Bad effort regulation
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Exposure Variation Analysis to study exercise intensity regulation during ITT

Ouvrard et al., 2017

INTRODUCTION

APO

Performance

r = -0.88 ; p < 0.05

r = 0.65 ; p < 0.15

IPO

Performance

APO

IPO

Better effort regulation Improved performance2 ITT on the same course
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2 World-Tour riders, with similar characteristics (60-min record PO 374 vs 355 W,

good performers ITT = Top 3 on national ITT championship)

7 official professional competitive ITT:

- 2 ITT National Championships (2016 and 2017)

- 1 Tour de France ITT (2013)

- 4 World-Tour stage race ITT (2013, 2014, 2015, 2016)

Performed between April 2013 and June 2017. Ranged from 18.7 km to 51.6 km.

PO recorded thanks to SRM power meters:

- Mean PO (in Watts and expressed as % of cyclist’s record PO for ITT

duration)

- EVA analysis = Time spent at APO, IPO and REG

5

Data collecting

METHODS
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Data analysis

METHODS

Each seconds spent at a constant mean PO, optimal for performance

Each prolonged effort at a too low or too high PO regarding optimal pacing strategy

Short-time regulations to avoid prolonged efforts at too low or too high PO

APO

IPO

REG

Main problem = EVA indices vary depending to the ITT course 

How to standardise EVA indices to compare several ITT on different courses ?

2 World-Tour riders, with similar characteristics

1 analysed cyclist (C1) 1 baseline cyclist (C2)

For each ITT:

ΔAPO ΔIPO ΔREG ΔMean PO ΔMean PO%

APO C1 IPO C1 REG C1 PO C1 PO% C1

APO C2 IPO C2 REG C2 PO C2 PO% C2

Pearson correlation coefficients to analyse relationship between ΔMean PO and ΔMean PO%

with ΔAPO, ΔIPO and ΔREG
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RESULTS
Large but non-significant 

relationship

r = -0.70

r = 0.47

r = -0.94
p = 0.002

r = 0.86
p = 0.01

Medium but non-significant 
relationship

Large significant relationship Large significant relationship

Better effort regulation

EVA analysis Greater use of 
physical capacities Improved performance

Higher mean PO

↑ ΔAPO

↓ ΔIPO
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DISCUSSION
EVA method to monitor pacing regulation and performance during ITT

8Better effort regulation

EVA analysis Improved ability to 
have a maximal use 

of physical capacities Improved performance

Higher mean PO

↑ ΔAPO

↓ ΔIPO

Date Race Ranking Mean PO EVA analysis

17/02 Andalucia-3 36th 386 w APO IPO

14/03 Tirreno-Adriatico-7 17th 412 w APO IPO

16/05 Giro d’Italia-10 19th 377 w APO IPO

28/05 Giro d’Italia-21 4th 421 w APO IPO

Monitor progress in pacing regulation during ITT

Test efficiency of training and psychological method to 
improve ability to optimally regulate pace during ITT

Propose explanations for bad performance in ITT
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DISCUSSION
Psychological method to improve pacing regulation during ITT

Brick et al., 2014 ; Brick et al., 2016

Attentional focus

4 thoughts categories related to

Bodily sensations Movement control Outward monitoring Distraction

Decreasing RPE

Key information to regulate pacing strategy

Optimizing pacing regulation 
and ITT performance

Psychological interventions
Improved efficiency of 

thoughts regulation

EVA 
monitoring

APO

IPO

Movement control Outward monitoring
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PERSPECTIVES

Main limit of the method

ΔAPO

ΔIPO

ΔREG

EVA indices calculated from 
differences between 2 cyclists

Is it cyclist 1 who decreased his 
performance or cyclist 2 who 

improved his performance

Same races performed by the 2 
cyclists

Missing data for some ITT

Optimize method to obtain EVA baseline indices without comparing to another cyclist
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CONCLUSION
How to improve ITT performance of World-Tour cyclists ?

World-Tour athletes Improved ITT performance

Well-trained talented athletes

Similar physical capacities

Improving effort 
regulation mechanisms

APO

IPO

EVA analysis

Psychological 
interventions
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