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1. Performance in climbing
• Speed Climbing:
Route completion,
Climbing time for route completion.
• Lead Climbing:
Route completion,
When a route is not completed, scoring relates to the last controlled or
used hold :
IFSC rule: a hold shall be considered as “controlled” where a competitor has
made use of the hold to achieve a stable or controlled position, whereas a hold
from which a competitor has made a controlled climbing movement in the
interest of progressing along the route shall be considered as “used”.
• Bouldering:
The number of attempts required to complete the route,
When a route is not completed, scoring relates to the number of attempts
required to gain a zone point.

With the combined climbing events at the Tokyo Olympic Games, another view about
LEARNING & EXPERTISE is needed:
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• Understanding expertise goes beyond the "how fast can you climb”, “how hard can you climb” or
“how accurate can you climb”, “how fluent can you climb” questions

• Johnson HW (1961) Skill = speed x accuracy x form x adaptability. Percept Mot Skills 13: 163–170.

• What perceptual-motor adaptability tells us about learning & expertise ?

• Adaptability means adapted and adaptive behaviors:
• adapted behavior to a set of constraints reveals stability against perturbations,
• adaptive behavior reflects flexibility to guarantee functional solution to constraints that
dynamically interact.

Seifert, Komar, Araujo, Davids (2016). Neuro & Biobehav Reviews, 69,159–165
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2. BACKGROUND

2.1. Expertise / Adaptability / Degeneracy

three types of constraint, and behavioral variability allows for the continu

adaptation to changes in them. Coordination emerges from functional informati

movement coupling, a concept which emphasizes that coordination is dependent

mutual interactions
inherent to a practice
setting and the adaptability
individual’s activity (Fig
2.2. The Ecological Dynamics
framework
to examine
5) (David et al., 2008; Davids, Glazier, Araújo, & Bartlett, 2003).
The constraints-based approach to motor learning 5

How a set of interacting and dynamical
constraints makes emerge movement
coordination ?

Perception
(Information)

Task

In indoor climbing, route setter can
manipulate constraints such as
orientation, shape, size of holds, distance
between holds, to understand how
climbers adapt.
More generally, adaptability could be
assessed when transfer of skills is
required between:

-

Movement
Goal

(Coordination)
Environment

Organism

Action
(Movement)

Figure 1.1 How co-ordination and control (in the form of functional information-

Figure 5. Representation
of coordination
from the interaction
of constraints
movement couplings)
emerges emerging
from the interaction
of key constraints
on the

indoor speed, bouldering and lead
climbing

performer.

through perception-action coupling (Davids et al., 2008).

2 Environmental constraints can be physical in nature, such as ambient light or
temperature. Gravity is a key environmental constraint on movement coordination in all tasks, as experienced by all athletes including skiers, divers,
indoor and outdoor rock climbing,
gymnasts and ice skaters. Some environmental constraints are social rather
than physical. Spectators provide an influential environmental social constraint for learners and more experienced athletes during sport performance.
rock, ice climbing and mixed routes. !
22  to particular performance contexts
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-

Adaptability is tested by manipulating task constraint:

3. How do climbers adapt to hold orientation ?
Orientation and number of edges easy to grasp are changed to induce shift in
grasping patterns and movement coordination:

Hypothesis:
Novice climbers mostly use ʻfaceʼ body position, horizontal hold grasping and
a small range of hand and foot patterns (ʻduckʼ-like),

Experts are able to experience a variety of body, hand and foot positions,
using mainly ʻsideʼ body position like ʻCleopatraʼ and both internal and
external side of the climbing shoes

?
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3.1. Effect of informational constraint on behavioural
adaptation
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Horizontal
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Climbing without
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Climbing by mostly
‘facing’ the wall

Climbing by rolling
the body ‘side’ to
‘side’

Each route was identifiable by color and was set on an artificial
indoor climbing wall by three professional certified route setters
who ensured that the routes matched an intermediate climbing
ability (i.e., physical–technical diﬃculty grades of 5b on the FRSD). The three routes had the same height (10.3 m) and they
were composed of the same number of hand-holds (20), which
were bolted to a flat vertical surface (Figure 1).
The holds were located at the same place on the artificial
wall for3allroutes
routes; only
the orientation
of the hold was changed:
randomly
distributed
(i) the first route was designed to allow horizontal hold grasping
(H), (ii) the second route was designed to allow vertical hold
grasping (V), and (iii) the third route was designed to allow dual
grasping (D), (i.e., both horizontal and vertical hold grasping)
(Figure 2). Furthermore, the route was set to ensure that the
footholds invited a vertical grasping pattern, without preventing
a horizontal grasping pattern. The diﬃculty of the route therefore
remained the same as the other conditions (i.e., 5b on the F-RSD),
but the complexity of the route path and associated holds was
higher. Three professional certified route setters confirmed that
the routes were of similar diﬃculty but varied in complexity of
route design.
Each route was top-roped, which meant that the route was
climbed withRoute
the rope anchored
above the climber at all times.
properties:
Each ascent was preceded
3 min of route preview, which is
10,4 mbyheight
assumed to be a key climbing performance parameter (Sanchez
hand
et al., 2012; Seifert20
et al.,
2017).holds
No instructions were given prior
F-RSD
= Level
to the route preview
to ensure
that the5b
opportunity for pre-ascent
visual exploration of the climbing route was the same for all
participants.
Participants were instructed to self-pace their ascent, with the
Task
following task-goal:
find a goal:
way to climb the wall as fluently as
possible,Climb
without as
falling
downasand
by minimizing pauses and
fluent
possible,
changes
body direction
(Cordier
et al.,
1993, 1994, 1996; Seifert
i.e. in
minimizing
stops
and
saccades
et al., 2014a). The instructions were not too specific to ensure
that climbing actions—and subsequently any exploratory or
performatory behaviors—emerged relative to the task constraints
of each condition.

3.2. Experimental design to test
hold orientation

1. Introduction
•

Gyro 2ou 3D + Accéléro 3D + Magnéto 3D; cela permet d’analyser 6
ddl (3 en rotation, 3 en translation) en temps réel à partir de la position
initiale.

•

Application pratique:

Data collection: Worn sensor (IMU)

inertial measurement unit
combining 3D accelerometer,
3D gyroscope, 3D
magnetometer
(www.movea.com, France)
D3 - Usages et environnement
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3.2.1. Effect of route design and learning on jerk
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Climbing Skill and Complexity of Climbing Wall Design:
Assessment of Jerk as a Novel Indicator of Performance Fluency
Ludovic Seifert,1 Dominic Orth,1,2 Jérémie Boulanger,1
Vladislavs Dovgalecs,1 Romain Hérault,3 and Keith Davids4,5

Jerk decreases with learning
and hold design complexity

1University

of Rouen; 2Queensland University of Technology;
3National Institute of Applied Sciences; 4Sheffield Hallam University; 5University of Jyväskylä
This study investigated a new performance indicator to assess climbing fluency (smoothness of the hip trajectory and orientation
of a climber using normalized jerk coefficients) to explore effects of practice and hold design on performance. Eight experienced
climbers completed four repetitions of two, 10-m high routes with similar difficulty levels, but varying in hold graspability
(holds with one edge vs holds with two edges). An inertial measurement unit was attached to the hips of each climber to collect 3D acceleration and 3D orientation data to compute jerk coefficients. Results showed high correlations (r = .99, P < .05)
between the normalized jerk coefficient of hip trajectory and orientation. Results showed higher normalized jerk coefficients
for the route with two graspable edges, perhaps due to more complex route finding and action regulation behaviors. This effect
decreased with practice. Jerk coefficient of hip trajectory and orientation could be a useful indicator of climbing fluency for
coaches as its computation takes into account both spatial and temporal parameters (ie, changes in both climbing trajectory and
time to travel this trajectory).
Keywords: movement jerk, climbing fluency, hold design, inertial measurement unit
Rock climbing involves interspersed periods of maintaining
body equilibrium on a more or less vertical climbing surface,1–4
with combined upper and lower limb movements to ascend this
surface rapidly.5–7 During performance, the alternation of periods
dedicated to postural regulation and to quadruped displacement
on a vertical surface might lead to a drop in measures of climbing fluency that is fundamental to quantify. Previous studies have
assessed the fluency of climbing movements from temporal and
spatial measurement analyses.
Temporal measurement analyses have included harmonic
analysis of the acceleration of the hips8 and quantification of the
duration of a static position as any point throughout the climb
where the hips were not in motion.9–11 Harmonic analysis is a tool
for observing the structure of movement dynamics. Using Fourier
transformation, Cordier et al8 conducted a harmonic analysis revealing that the expert climbing performance could be characterized
by a pendulum oscillating as a mass-spring system that works like
a dissipative system (ie, a system where dissipation of energy is
minimized by harmonic movements). The study of Cordier et al8
only considered the displacement of the hips in 2D (ie, movement
projection in the vertical plane), whereas recent studies have high-

lighted the prevalence of anteroposterior and lateral sway during
climbing performance,7,12 supporting the importance of 3D movement analysis, which should take into account both hip translation
and hip rotation.
Spatial measurement analyses mainly corresponded to computations of the geometric entropy index value from the displacement
of the hips.7,13–16 The geometric index of entropy (H) was calculated
by recording the distance path covered by the hips (L) and the
perimeter of the convex hull around that path (c) according to the
following equation:14,15
H = logn2L/c.

Jerk corresponds to the
third derivative of position
and indicates the
smoothness of hip or CoM
trajectory.

(1)

According to Cordier et al,14,15 geometric entropy measures
reveal the amount of fluency or curvature of a curve. The higher
the entropy, the higher the disorder of the system; therefore, a low
entropy value was associated with a low energy expenditure and
greater climbing fluency. Regardless, the geometric entropy index
remains a spatial measure of body motion that does not consider the
displacement of the hips over time, only the image of their trajectory. Entropy measures do not consider the way that this trajectory
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3.2.2. Effect of route
design,
learning and
Immobility
SKILL on geometric
index of entropy
Smoothness
Hip-wall angle

rth et al.

Human Movement Science xxx (2017) xxx-xxx

+XPDQ0RYHPHQW6FLHQFH  ²

Results

Contents lists available at ScienceDirect

PR
OO
F

The mean values and their
respective
errors ofMovement
the mean, and
significant
effects841–852
and interaction effects are sumF. Sibella
et standard
al. / Human
Science
26main
(2007)
rised in Fig. 2 where in, Graphs A E refer to
the analysis
of hip entropyScience
and in Graphs F J relate to hand hold exploration data.
Human
Movement
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Full Length Article
. E@ect of practice on meta-stable route

There were significant interaction effects at both the route x practice and group x practice level for the7outcome of entropy: F(3,
= 2.274, p = 0.05, r = 0.40; F(3, 36) = 6.256, p = 0.002, respectively. However for the outcome of hand exploration there
s only a significant interaction at the group practice level; F(3, 36) = 3.323, p = 0.03. In examining the estimated marginal
⁎
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Previous investigations have shown that inducing meta-stability in behavior can be achieved by
overlapping aﬀordances through constraint manipulation, allowing cooperative and competitive
tendencies to functionally coexist. The purpose of this paper was to test a number of conditions
applying these design principles on performance during skills practice and transfer. Of additional
interest, was whether the existing skill level interacted with the environmental properties of the
experimental tasks (varying indoor climbing routes). Two skill groups practised on three routes
per session over four separate sessions. At the end of the ﬁnal session, climbers undertook a
transfer test. Routes, matched for diﬃculty, were manipulated in terms of hand-hold design.
Route-1 and Route-2 were designed with holds with a single graspable edge, aligned entirely
parallel or perpendicular to the ground plane respectively. Route-3 had at each hold, two
graspable edges (one parallel and one perpendicular to the ground plane). Behavioral exploration
at the hip and hands were largest under the metastable condition (Route-3). Skill level also
interacted with route properties during practice and inﬂuenced transfer. Data suggest metastability induces exploratory behaviors. Less skilled individuals explore both hand and hip levels,
whereas, more experienced climbers explore at the hip level.
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Fig. 4. Graphic explanation of the geometric entropy H.

Learning complex multi-articular actions is inﬂuenced by the speciﬁc experiences of an individual under constraints present
during practice (Seifert, Button, & Davids, 2013). Internal and external constraints on performance are inherently uncertain, re-
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3. Climbing time was also registered for each condition; it was defined as the
sum of the time needed to climb the two traverses (from the right to the
left, and back). As soon as participants released one of the holds in the
starting position, time started. When participants had returned to the
starting position, the time was stopped.
Statistical analysis. See Experiment 1.
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Automatic detection

3.2.4. Five states of activity in climbing

A↵ordances during climbing

Automatic detection

Boulanger J., Seifert L., Hérault R., Coeurjolly JF. (2016). Automatic sensor-based detection and classification of
body state
climbing activities. IEEE Sensors, 16, 3, 742-749
Possible interactions

Decision tree

Limb immob
Immobility
Regulation

Hip immob
Hip mov
Decision tree

Limb (1+) mov
Hold interaction
Traction
I Single sensor
I

S

Multiple sensor

Detection layers
I

M

1. Immobility, Motion
R

T

H

C

Threshold to decide immobility:

E

2. Regulation,
Traction, Hold
interaction
3. Change hold,
Exploration

5 inertial measurement unit combining 3D
accelerometer, 3D gyroscope, 3D magnetometer
(www.movea.com, France)

16

Ex for one sensor:

Validation with manual video annotation obtained from blind process (cross of 2 operators
analysis). Accuracy between 70% (pelvis) to 90% (hands & feet).

17

Ex of full-body
Full body state
analysis
Full body state

Limb immob Limb (1+) mov
Hip immob Immobility Hold interaction
Hip mov Regulation
Traction

A↵ordances during climbing

Automati

Full body state

Evolution of full body state

Immobility
Regulation
Hold interaction
Traction

25%
5%
43%
27%
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4. How do climbers adapt their motor coordination to hold location?
Neutral

Re-do

Alternate

Transfer test

21

New device to collect hand and feet motions
Instrumented hold Luxov ® Touch: http://www.luxovconnect.com/produits/#touch

22

5. How do climbers perceive their action capabilities
according to task-goal complexity?
Task complexity varies according to the involved degrees of freedom:
Estimate the maximal distance that the hold can be (i) reached, (ii) grasped, (iii)
grasped by one hand while the other hand releases the starting hand-hold, (iv) grasped
to then be used to grasp the highest possible hold on the wooden board.

4 tasks: 4 trials in each task
Reaching
the center of
the hold for 3s
by one hand
without falling

Grasping &
Release:
Grasping the
hold for 3s by
one hand while
the other hand
releases the
starting handhold, without
falling

Grasping
the hold for 3s
by one hand
without falling

Using:
Use the foot
and hand
holds to
grasp the
highest possible
hold on the
wooden board
for three
seconds
without falling

-

Advanced climbers
performed closer to
their maximal
(especially at the 1st
or 2nd trials).
They rarely
overestimated their
capability.

Conversely,
intermediate climbers
often underestimated
their capability at the
1st and 2nd trials.
At trials 3 and 4, they
tended to
overestimate their
capability and failed
(fall).

Experienced climbers estimate and can act close to their maximal, by exploring
and creating new motor solutions, such as moving foot first and hand in a
second time.
As a result, some climbers can grasp hold at higher distance in « using » (186cm )
than in « grasping » (173cm) task.
It supports the idea that exploration still exists in expert and might lead to
increase maximal action capabilities, affordances boundaries.

Ex of 8b climber

6. Visual motor skill in climbing
Integration of gaze and motor behaviours
Gaze behaviour using glasses equipped with
camera filming eyes and scene camera

Reference image

Gaze position
data

Gaze tracking: Eye
positions mapped to
the wall plane

6.1. Expertise effect
according to reachability
Integration of gaze-hip tracking data
relative to the reachability
Horizontal reachability = Arm span

Vertical
reachability
=
Shoulder height
+
Arm length
Action system
boundary

Orth et al. (2014)

Less experienced

Experienced

hold design). In principle, the different holds in the
irregular route present a larger field of affordances
for climbing actions (i.e. inviting different ways of
supporting, grasping and moving between holds),
than the regular route, and, therefore, should allow
skilled climbers to move with more fluidity (Orth,
Davids, et al., 2018).

were recruited based upon their current,
reported level of indoor climbing ability (co
sponding to higher than 6b on the French s
climbing rating scale: see Draper et al., 20
Exclusion criteria included no clinically diagno
visual deficits, nor any recent acute musculoske
injury that might interfere with climbing ability

6.2. Influence of hold regularity on visual motor skill
European Journal of Sport Science, 2018
https://doi.org/10.1080/17461391.2018.1472812
ORIGINAL ARTICLE
Figure 3. (a) Duration of previews and climbs for the different routes as a function of trial. Note: the white bars are the irregular route, the
yellow bars are the regular route. The bars with horizontal lines are previews and the open bars are climbs. Error bars are standard deviations.
(b) Relative perceived exertion after climbing as a function of trial and regularity condition.

The influence of hold regularity on perceptual-motor behaviour in
indoor climbing
4 C. Button et al.
Search rate
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and 16%, respectively, in the irregular route compared
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Routes with many types of climbing holds (irregular) are previewed for less time and in a more superficial manner with
fewer fixations and more saccades between holds.
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Climbers with longer preview and
longer visual exploration are also those
with longer climbing duration,
immobility and hold exploration.
Those climbers might perceive hold
independently, i.e. one by one.
Conversely faster climbers might
perceive holds as a sequence.
Fig 3. Number of fixations on each hold indicated by hold color. Red indicates lots of fixations and blue indicates few
fixations. This ‘heat map’ shows that holds 7, 9, 10, 16, 18 and 19 received more attention, while holds 33–40 received little
attention.
https://doi.org/10.1371/journal.pone.0176306.g003

7. Conclusion
Ecological dynamics framework shows how by using constraint-led
approach, perceptual-motor skills can be assessed, trained without
prescribing solutions but by promoting individual search strategy.
Core concept of this approach is ‘adaptability’, reflecting adaptive
flexibility in order to efficiently explore and to increase action
system boundaries.
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