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Mixed methods research : constat
§ Absence d’une définition stabilisée : plus de 19 

définitions différentes  (Johnson, Onwuegbuzie, &  
Turner; 2007).

§ Différentes fonctions des MMR selon la 
typologie de Greene et al., (1989):

§ Triangulation: convergence, corroboration.

§ Complementarity: association sans 
prédominance.

§ Development: une méthode développe l’autre.

§ Initiation: contradictions, tensions, nouvelles 
perspectives

§ Expansion: multiplie ou augmente l’étendue ou 
la portée. 
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Articulation des approches paradigmatiques: Congruence et/ou 
intégration paradigmatique, vers une méta-théorie ou une 
nouvelle approche amenant une rupture épistémologique ?

Articulation des méthodologies: 
Découle généralement de l’articulation des 
approches…assujettit à une congruence ou complémentarité 
ou intégration des approches ? 

Articulation des méthodes: 
Articulation simultanée (i.e. en même temps ou sur le même 
échantillon) ou séquentielle (i.e. séparée) (Morse, 1991). 

Articulation des données: 
Peut porter sur le primat d’un type de données, sur la nature 
des données (quali/quanti, continues/discrètes), sur le type 
d’articulation (convergence/divergence, 
complémentarité/indépendance, intégration, etc)

adapté de Vors & Bourcier (2022, PESP)



Mixed methods research : notre démarche

1) Pourquoi mixer ? 

Identifier le besoin, les risques et/ou limites. 

Attention de ne pas trahir l’approche paradigmatique 
et les présupposés théoriques dans lesquels s’inscrit la 
recherche en croyant aux « faux » bénéfices des MMR.
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3) Au final, si l’articulation de méthodes et données, et 
plus largement de méthodologies, peut être faite pour 
des raisons pragmatiques, nous préférons questionner 
au préalable l’articulation paradigmatique qui les sous-
tend.

2) Commencer par se questionner sur les contours de son 
approche épistémologique et la compatibilité avec d’autres 
approches.

Se questionner sur les innovations méthodologiques 
possibles / aux présupposés théoriques, et seulement 
ensuite sur la mise en œuvre de ces innovations qui 
peuvent passer par les MMR.



Mixed methods research : notre approche
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Notre approche : Approche ar-culatoire entre l’approche énac-ve du cours d’ac-on (Theureau, 2003, 
2004, 2015) et l’approche dynamique écologique (Bu2on, Seifert, Chow, Araujo, & Davids, 2020) 

§ Ne pas croire que la complexité conduit à l'éliminaVon de 
la simplicité. Les sciences de la complexité ne cherchent ni 
à réduire, ni à mulVplier mais à résumer, à capturer la 
complexité par un paramètre macroscopique (De Rosnay, 1975, 
le macroscope).

§ Approche holisVque, systémique, mulV-échelles ou mulV-
niveaux (=système de systèmes).

Notre approche, notre paradigme: la COMPLEXITE

§ Ne pas confondre complexité et complétude: la pensée 
complexe aspire à la connaissance multidimensionnelle. 
Mais elle sait au départ que la connaissance complète est 
impossible. Accepter l’incomplétude et l’incertitude 
(Morin, 1990, La pensée complexe). 

§ Attention de ne pas utiliser les MMR pour additionner ou 
multiplier les méthodes et les données sans questionner 
et sans précautions paradigmatiques.



Conditions minimales d’une articulation entre l’approche dynamique 
écologique et l’approche énactive du cours d’action

Les conditions 5

Paradigme de 
la 

complexité

ü Couplage structurel
ü Auto-organisation
ü Emergence
ü Adaptation

ü Une complémentarité 
plutôt que juxtaposition 
ou intégration des 
approches

ü Une méthodologie 
compatible avec les 
présupposés théoriques 
des 2 approches 

ü Ne pas présager du type 
d’articulation entre ces 
données



La notion de « productive synthesis » (Baggs & Chemero, 2018)
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Si pas d’intégra<on, ni de 
juxtaposi<on, quelle mise en œuvre 

pour une complémentarité ? 
Donner le PRIMAT à une approche, à 

une méthodologie ?
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ABSTRACT
Introduction: Recently Baggs and Chemero (2018. “Radical Embodiment
in Two Directions.” Synthese, 1–16. doi:10.1007/s11229-018-02020-9)
advocated for the possible ‘productive synthesis’ between the enactive
and the ecological approaches in order to understand and to explain
how an agent behaves and interacts with the environment. This paper
argues that data production methods from ‘enactive anthropology’ and
‘ecological dynamics’ show complementarities and differences that can
inform research and pedagogical applications.
Purpose: From the analysis of two studies of pedagogical interventions,
we explore the potential of intertwining enactive anthropology and
ecological dynamics approaches in Physical Education.
Methods:We summarise two previously published studies, which address
skill learning through the intertwining of phenomenological and
behavioural outcomes. The first investigates the interactions between
students engaged in orienteering during PE lessons, the second focuses
on learning climbing skills during an individual lesson. We utilise the
data to highlight the advantages and limitations of intertwining
enactive anthropology and ecological dynamics approaches.
Findings: We suggest caution in using principles of both approaches
together, due to key epistemological and ontological differences, which
may impact data outcomes and preferred methodologies. The
approaches differ in conceptualising the nature of individual-environment
coupling but may be complementary in investigating the complexity of
this coupling.
Conclusion: We assert the scientific potential of intertwining enactive
anthropology and the ecological dynamics approaches and the need to
consider this productive synthesis to propose practical implications for PE
teachers. The outlines of a pedagogy 3E (exploration, experiential and
empathetic) from intertwining these two approaches are traced.
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1. Introduction

This paper argues that data production methods from two related perspectives – the enactive
approach and ecological dynamics – while not perfectly aligned, display some complementari-
ties that can inform research and pedagogical applications. The two perspectives have devel-
oped somewhat independently over the past decades, but are increasingly recognised as
having important resonances (e.g. Chemero 2009). Indeed, Baggs and Chemero (2018)
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Deux façons différentes d’entrer dans le couplage : acteur - environnement 

Dynamique écologique: 
Couplage symétrique 
entre acteur-
environnement. Ce 
couplage est la plus pe8te 
unité d’analyse; on parle 
de variable eco-physique 
(Bu$on et al., 2020).

7

Enaction (Cours d’Action): 
Couplage asymétrique entre 
acteur-environnement. Entrée 
par la dimension expérientielle, 
signifiante pour l’acteur (notion 
de sense-making, Di Paolo et al., 
2017)
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Avoiding organismic asymmetries in
ecological cognition: Analysis of
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eco-physical variables
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Abstract
The target article promotes an enactive approach to human behaviour, highlighting the phenomenology of agent-
environment coupling, and is rooted in the course of experience from pre-reflective self-consciousness. In our com-
ment we debate the idea that experience does equate with subjectivity. Such an equation reflects an organismic asymmetry
locating behavioural organisation in the subjective mind, interacting with the objective world. In contrast, an ecological
realist perspective considers that human behaviour and experience should be captured at the ecological level of analysis,
requiring investigation of eco-physical variables. To achieve this aim, researchers need to avoid organismic asymmetries,
and instead study performance variables that underpin the symmetry of the agent-environment system.We also debate the
place of language and the fact that verbalisation does not equate with subjective experience. According to James Gibson,
language focuses on ‘knowledge about the environment’ and not ‘knowledge of the environment’ needed by any au-
tonomous, self-regulating organism, making their way in the world. Last, the target paper promotes the course of in-
formation to complement the course of experience, without fully explaining how to deal with potential incongruence and
divergence between findings emerging from verbalisation and behavioural aspects of realizing a given activity (the difference
between ‘what we say, what we do’). We conclude by considering how our ecological perspective could offer pathways for
the presented enactive approach to go beyond the course of in-formation.

Keywords
Organismic asymmetry, ecological dynamics, knowledge of environment, knowledge about environment, verbal reports,
behavioural incongruence

Introduction
Poizat et al. (2022) promote an enactive approach to human
behaviours, highlighting the phenomenology of agent-
environment coupling, notably an enactive anthropology,
and the ‘course of action’ method (Theureau, 2015). The
anthropological dimension relates to human agency and the
need for a comprehensive analysis of human activity,
making sense for those who ‘live it’. The enactive di-
mension specifies the anthropological orientation: interest
in how agents find meaning and value from their interac-
tions with environments in which they act. With this pur-
pose, the article of Poizat et al. (2022) argues for a micro-
phenomenological and semeiotical approach for studying
cognition ‘in the wild’ and ‘from within’. This approach to
enaction is rooted in the course of experience from pre-
reflective self-consciousness. Methodologically, the agent’s
behaviour is recorded in the course of action, and those

recordings are used to support subsequent self-
confrontation interviews about their experiences
(Theureau, 2015). Then, those micro-phenomenological
interviews are analysed, based on the Peircean semeiotic
(pragmatist) method. Semeiotic (pragmatist) methods pro-
pose a generic model to describe cognition ‘in the wild’
(defined as emerging during continuous interactions with
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Donner le PRIMAT à une approche, à une méthodologie ?
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Le PRIMAT dépend de la question de recherche et à des incidences sur les (l’articulation des) méthodologies:

1) Quel niveau de granularité d’analyse et comment faire dialoguer les niveaux ? 
Vers une analyse multi-niveaux

2) Comment analyser la dynamique (temporelle) de l’activité ? 
Comment « borner » (délimiter temporellement) l’apparition/disparition d’une activité typique?

3) Si on croise le pb de la granularité d’analyse avec l’analyse de la dynamique temporelle, la question qui se pose: 
Comment articuler la dynamique du comportement avec la dynamique de l’expérience ? 

4) Comment analyser l’activité tout en préservant l’écologie de la situation ? 
observation vs. situation expérimentale contrôlée

5) Comment les données d’expérience aident t’elle à donner du sens à des données comportementales ? 
Exemple d’échantillonnage des données et des variables dépendantes grâce aux données d’expérience



1) Quel niveau de granularité d’analyse et comment faire dialoguer les niveaux

9

Problématique: Sur la base de la 
méthodologie du Cours d’Action et de 
l’analyse du signe hexadique (6 composantes 
du signe), comment typicaliser l’activité c’est-
à-dire remonter à un niveau de généricité
selon une approche holistique pour définir 
une activité typique ?... C’est un construit du 
chercheur, sur la base des significations de 
l’acteur.

Apport des data mining (fouille de données): 
Analyses de clustering sur des données 
binomiales utilisées dans la dynamique 
écologique pour identifier des clusters 
phénoménologiques.
Primat donné à l’approche cours d’action

Vol.:(0123456789)1 3
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Abstract
In perceptual-motor learning, constant and variable practice conditions have been found to have differential effects on learn-
ers’ exploratory activity and their ability to transfer their skills to novel environments. However, how learners make sense 
of these practice conditions during practice remains unclear. This study aimed to analyse learners’ experiences of different 
practice conditions during a climbing learning protocol and to examine how these experiences might further inform learn-
ers’ exploratory activity. Twelve participants assigned to either ‘Constant practice’, ‘Imposed Novelty’, or ‘Chosen novelty’ 
groups climbed a ‘Control route’ (i.e. a route common to all groups) and a ‘transfer route’ (i.e. a new route) before and 
after a ten session learning protocol. Descriptions of learners’ experiences during previews and climbs were collected using 
self-confrontation interviews. After identifying general dimensions via a thematic analysis, a hierarchical cluster analysis 
on these general dimensions allowed the identification of phenomenological clusters (PhC). The distribution of these PhCs 
was compared between the first and last learning sessions, the control and transfer routes, and the practice condition groups. 
We identified seven PhCs reflecting learners’ meaningful exploratory activity during the previews and climbs. Significant 
differences in the distribution of these PhCs were found between (i) the first and the last session, (ii) the control and the 
transfer route and (iii) the Chosen-novelty group and the other two practice groups. These results suggest that exploration 
is part of a complex sense-making process linked to practice conditions, which can be described by a joint analysis of the 
intentions, perceptions and actions.

Introduction

In radical embodied cognitive science (Newen et al., 2018; 
Seifert et al., 2020), learning new sporting skills is char-
acterised as learners changing their interactions with their 
performance environment, thereby affecting their ability to 
deal with novel performance environments (Hacques et al., 
2021a). These changes are referred to as an exploratory 
activity and are mostly investigated using a behavioural 
approach to examine learner-environment interactions from 
the experimenters’ perspective (Button et al., 2020). In what 
follows, we present the main findings of motor learning 
studies that have investigated exploration from behavioural 
observations, and then describe how a phenomenological 

account can enrich our understanding of the processes at 
stake when learning. We then present an investigation of 
how learners make sense of their performance environment 
over the course of practice and show how different practice 
conditions can affect this sense-making process.

Studying exploration in motor learning: 
the major contribution of the ecological 
dynamics approach

Ecological psychology places interactions between an indi-
vidual and his/her environment at the centre of action/per-
ception/cognition through the concept of exploration (Gib-
son, 1988; Gibson, 1966). From this viewpoint, exploration 
is defined as the active process of revealing and picking up 
information to adaptively move in the environment.

In line with this conceptualisation of exploration, a 
series of studies in climbing has analysed how the explora-
tory activity of climbers changes with practice or expertise 
in terms of modality and temporal organisation and how 

 * Clément Ganachaud 
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Table 1 

Distribution (en pourcentage) des dimensions générales des intentions, perceptions et actions 

pour un modèle à quatre classes d’exploration pour la grimpe. 

Classes 
d’exploration 

Dimensions générales des intentions Dimensions générales des perceptions Dimensions générales des actions 

Assurer 
l’exécution 
correcte des 
séquences 
d’action 

Améliorer 
le timing 

de la 
grimpe 

Maintenir 
l’équilibre 

en 
grimpant 

Respecter 
les 

consignes 

Sensation 
d’être 

équilibré 

Sensation 
de ne pas 

être 
équilibré 

Sensation 
d’un 

timing de 
grimpe 
efficace 

Sensation 
d’un 

timing de 
grimpe 

perturbé 

Improvise 
des 

actions 

Modifie 
le plan 

d’action 

Fais 
des 

erreurs 

Récite 
les 

actions 
prévues 

Exploration 
affinée (EA) 97.3 43.2 13.5 21.6 8.1 62.2 21.6 89.2 100 54.1 37.8 75.7 

Exploration 
guidée par la 
performance 

(EP) 
88.5 50.0 0.0 0.0 23.1 3.8 92.3 30.8 30.8 30.8 26.9 96.2 

Exploration 
guidée par le 
timing de la 
grimpe (ET) 

0.0 95.5 9.1 18.2 18.2 18.2 72.7 63.6 13.6 27.3 22.7 100 

Exploration 
guidée par 

l’équilibration 
(EE) 

90.9 9.1 100 18.2 81.8 45.5 18.2 0.0 81.8 27.3 45.5 63.6 

 



L’analyse de clustering permet d’étudier la dynamique de la distribution des clusters
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Narrowing the coordination 
solution space during motor 
learning standardizes individual 
patterns of search strategy 
but diversifies learning rates
John Komar 1*, Ludovic Seifert 2, Nicolas Vergne 3 & Karl M. Newell 4

Constraints on practice can benefit motor learning by guiding the learner towards efficient 
coordination patterns, but can also narrow the potential solution space of coordination and control. 
The aim of this paper was to investigate whether narrowing the solution space through more 
restrictive task constraints limits the expression of potential exploratory behaviours during the 
learning process, identified using Drifting Markov Models. In a breaststroke swimming task, the 
change in interlimb coordination of 7 learners practicing for 16 lessons over 2 months was analysed 
to quantify motor exploration and identify periods of metastable regimes of coordination. Results 
showed that the observed exploratory dynamics were highly individual both in terms of range of 
exploration and in the patterns of search. The more restrictive task constraints did not impair the 
amount of exploration but rather channelled the exploration around a few selected patterns. In 
addition, restraining the nature of the exploratory process increased the inter-individual differences 
of the learning rate. Although manipulating the task constraints during learning can help learners to 
escape from the behavioural consequences of their intrinsic dynamics, maintaining a broad solution 
space for a diversity of coordination patterns to emerge was key to fostering effective exploration of 
individual coordination solutions.

!e study of motor learning as a process of active exploration of a workspace was initially proposed by Gel’fand 
and  Tsetlin1 and elaborated into a perception-action framework for exploration in movement coordination and 
 control2–4, a perspective that has gained renewed  attention5–7. Exploration re"ects the navigation through the 
perceptual-motor workspace in a search for an e#ective and e$cient task  solution2. With practice and learning, 
the perceptual-motor workspace evolves qualitatively as the temporary stabilization of newly explored coordina-
tion patterns that allows for subsequent  exploration8,9. Indeed, the ecological approach to perception and action 
exploration is de%ned as a continuous and active process through which the learner di#erentiates and picks up 
information in the control of  action10. In other words, exploration is a process of information gathering from 
the search for solutions within the perceptual-motor  workspace5.

Exploration is a search through the space of possibilities to adapt to the most useful information in achiev-
ing the task goal. !is exploration has been associated with variability in the movement or the outcome of the 
 task6. In redundant systems, the learner has the opportunity to explore a larger set of di#erent motor solutions 
in order to reach the task  goal8. In this regard, exploration between those motor solutions has been viewed on a 
continuum, i.e., as a balance between variability and stability rather than merely an increased variability between 
two di#erent  behaviors7.

!is perspective is in line with the concepts of exploration and exploitation from reinforcement learning 
theory, where an optimal ratio between exploration and exploitation (or stabilization) during practice has 
been shown to lead to better  performance11–13. Trial-to-trial motor variability is typically seen as a re"ection of 
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Clusters initialement stables dans le répertoire
Clusters émergents mais non stabilisés à la fin du protocole 
d’apprentissage
Clusters stabilisés à la fin du protocole d’apprentissage
Quel est le rôle des clusters temporairement présents dans 
l’apprentissage ? Sont ils là comme « marche-pieds » pour 
explorer de nouvelles possibilités dans le futur ?s
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!is perspective is in line with the concepts of exploration and exploitation from reinforcement learning 
theory, where an optimal ratio between exploration and exploitation (or stabilization) during practice has 
been shown to lead to better  performance11–13. Trial-to-trial motor variability is typically seen as a re"ection of 
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2) Comment analyser la dynamique (temporelle) de l’activité ?

Illustration 1 11

Problématique: Comment « borner » (délimiter 
temporellement) l’apparition/disparition d’une 
activité typique? Comment rendre compte de la dynamique 
de données (expérientielles) microscopiques à l’échelle 
macroscopique (en résumant la complexité sur un empan 
temporel long) ? Primat donné à l’approche cours d’action

Dynamics of student interactions: an empirical study of
orienteering lessons in physical education
Clément Jouranda, David Adéa, Carole Sèveb, John Komara and Régis Thouvarecqa

aNormandie Univ, UNIROUEN, CETAPS, Rouen, France; bInspection générale de l’Education Nationale, Paris, France

ABSTRACT
Introduction: Many studies in physical education (PE) have sought to
identify and categorize the modes of student interaction in order to gain
greater insight into the nature of cooperative activity. More others
recent studies have examined how modes of interaction evolve on the
basis of the modes of collective activity that they generate. These
studies have shown to describe and explain the interactions among
individuals and the processes they generate, which then lead to the
construction, deconstruction or reconstruction of different interaction
modes. Although some studies have sought to describe the dynamics of
student interactions, very few have quantified these dynamics. By doing
so, however, researchers might gain a new perspective on student
interaction modes that inspires new designs for teaching in PE, thereby
having professional impact. The present study extends this research by
investigating the dynamics of student interaction, with a focus on the
emergence of interaction modes during orienteering lessons. For this
purpose, the study was conducted within the methodological framework
of course of action theory, which is an effective approach for examining
activity in natural situations to provide insight into the experience of
activity from the actors perspective.
Method: The study was conducted in two classes of seventh-grade
students (about 12 years old) in which 16 students volunteered and
were available for post-action interviews immediately after the lessons
under study. These volunteers were placed in eight affinity-based dyads.
The teachers planned orienteering lessons at similar levels of difficulty
and duration but modified the lessons across a range of contextual
features. Two categories of data were collected: (1) data from
audiovisual recordings as the students searched for the checkpoints and
(2) verbalization data during the post-action interviews with the
students. The data were processed in two steps: one qualitative, the
other quantitative. The qualitative step consisted of processing the data
of the student experiences to characterize their interactions in the three
different contexts. In the quantitative step, the data from the first step
were graphically represented to depict the interaction dynamics within
the student dyads.
Results and discussion: The qualitative analysis showed the emergence
of three modes of student interaction shared across each learning
context: co-construction, confrontation and delegation. The quantitative
analysis revealed the percentages of the different modes of interaction
and therefore characterized the interaction dynamics. Our results
showed that the interaction dynamics within the dyads were both
unique and similar in the task contexts in terms of both ratios of change
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dyad 6 (Elias/Vincent). In the first phase, we observe a tendency toward co-construction rising from
40% to 90% at the 10-minute mark, which then fell to be replaced by delegation, and then rose again
to 90%. In the second phase, delegation dominated, only to diminish at the very end as co-construc-
tion occurred (Figure 4).

When the students approached a trick checkpoint, the distribution of interactions indicated co-
construction. Specifically, out of 32 checkpoints in all contexts, 8 were in the trick context. In this
context, there was a tendency to systematically increase co-construction interactions. For example,
in dyad 8 (Raphael/Quentin), the co-construction peaks occurred 4 times in the course with values
around 65% (Figure 5). These peaks corresponded to moments when the dyad could see both the
trick checkpoints and the real ones.

Figure 4. Distribution of the interaction modes in dyad 6 (Elias/Vincent) with the two-map context.

Figure 5. Distribution of the interaction modes in dyad 8 (Raphael/Quentin) with the trick-checkpoint context.
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Ratios of change
When the students could go into the planning room, the ratio of change in the interactions progress-
ively declined. Specifically, in the three dyads that had access to the planning room we observed that
the number of changes in interaction mode systematically dropped over the orienteering course. For
example, in dyad 1 (Alexandre/Dorian) the ratio of change at the beginning was 9% and then it
dropped very quickly to 1% (Figure 2).

When each of the students had their own map or were on a path with trick checkpoints, the ratio
of change continuously fluctuated. For example, in dyad 6 (Elias/Vincent) the ratio of change oscil-
lated constantly between 0.5% and 5% (Figure 3).

Distribution of interaction modes
When the students had access to the planning room or had their own maps, the distribution of the
interaction modes showed a tendency to fluctuate. For example, we can clearly see two phases in

Figure 2. Ratio of change in the interaction modes of dyad 1 (Alexandre/Dorian) with the planning-room context.

Figure 3. Ratio of change in the interaction modes of dyad 6 (Elias/Vincent) with the two-map context.
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Ratio de changement sur une 
fenêtre de 10 s, glissante sur 5 s :

Ex de 10 interactions 
successives:  [A, A, A, A, A, A, C, 
A, A, C]. Le ratio est 3 (nb de 
changement observés) / 9 (nb 
potentiel de changement) × 100 
= 33.3%. 



3) Si on croise le pb de la granularité d’analyse avec l’analyse de la 
dynamique temporelle, la question qui se pose: Comment articuler la 
dynamique du comportement avec la dynamique de l’expérience ?

ProblémaCque: est ce qu’un changement de 
comportement est associé à un changement de 
l’expérience, des significaUons rapportées par 
l’acteur (de l’acUvité typique) ? et inversement … 
qu’indiquent des changements simultanés / 
décalés du comportement / l’expérience ?

Un biais méthodologique est il possible ?

A cause de la délimitaUon temporelle des clusters 
phénoménologiques ? 

À cause d’un pb de granularité ? 

À cause de l’effet transformaUf suite à la répéUUon 
d’entreUen d’auto-confrontaUon ?
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The principal aim of this study was to examine the impact of variability in interpersonal

coordination and individual organization on rowing performance. The second aim was

to analyze crew phenomenology in order to understand how rowers experience their

joint actions when coping with constraints emerging from the race. We conducted a

descriptive and exploratory study of two coxless pair crews during a 3000-m rowing

race against the clock. As the investigation was performed in an ecological context,

we postulated that our understanding of the behavioral dynamics of interpersonal

coordination and individual organization and the variability in performance would be

enriched through the analysis of crew phenomenology. The behavioral dynamics of

individual organization were assessed at kinematic and kinetic levels, and interpersonal

coordination was examined by computing the relative phase between oar angles and

oar forces and the difference in the oar force impulse of the two rowers. The inter-cycle

variability of the behavioral dynamics of one international and one national crew was

evaluated by computing the root mean square and the Cauchy index. Inter-cycle

variability was considered significantly high when the behavioral and performance data

for each cycle were outside of the confidence interval. Crew phenomenology was

characterized on the basis of self-confrontation interviews and the rowers’ concerns

were then analyzed according to course-of-action methodology to identify the shared

experiences. Our findings showed that greater behavioral variability could be either

“perturbing” or “functional” depending on its impact on performance (boat velocity); the

rowers experienced it as sometimes meaningful and sometimes meaningless; and their

experiences were similar or diverging. By combining phenomenological and behavioral

data, we explain how constraints not manipulated by an experimenter but emerging

from the ecological context of a race can be associated with functional adaptations or

perturbations of the interpersonal coordination.

Keywords: ecological dynamics, perturbation, variability, phenomenology, experience
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The principal aim of this study was to examine the impact of variability in interpersonal

coordination and individual organization on rowing performance. The second aim was

to analyze crew phenomenology in order to understand how rowers experience their

joint actions when coping with constraints emerging from the race. We conducted a

descriptive and exploratory study of two coxless pair crews during a 3000-m rowing

race against the clock. As the investigation was performed in an ecological context,

we postulated that our understanding of the behavioral dynamics of interpersonal

coordination and individual organization and the variability in performance would be

enriched through the analysis of crew phenomenology. The behavioral dynamics of

individual organization were assessed at kinematic and kinetic levels, and interpersonal

coordination was examined by computing the relative phase between oar angles and

oar forces and the difference in the oar force impulse of the two rowers. The inter-cycle

variability of the behavioral dynamics of one international and one national crew was

evaluated by computing the root mean square and the Cauchy index. Inter-cycle

variability was considered significantly high when the behavioral and performance data

for each cycle were outside of the confidence interval. Crew phenomenology was

characterized on the basis of self-confrontation interviews and the rowers’ concerns

were then analyzed according to course-of-action methodology to identify the shared

experiences. Our findings showed that greater behavioral variability could be either

“perturbing” or “functional” depending on its impact on performance (boat velocity); the

rowers experienced it as sometimes meaningful and sometimes meaningless; and their

experiences were similar or diverging. By combining phenomenological and behavioral

data, we explain how constraints not manipulated by an experimenter but emerging

from the ecological context of a race can be associated with functional adaptations or

perturbations of the interpersonal coordination.

Keywords: ecological dynamics, perturbation, variability, phenomenology, experience

Objectif: Analyser le rôle (fonctionnel vs. 
perturbant) de la variabilité de la coordination 
interpersonnelle sur la performance en aviron et 
l’expérience partagée qu’en faisaient les acteurs. 
Primat donné à l’approche dynamique écologique.
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FIGURE 3 | Continuous relative phase time series for kinematic data and the related RMS and Ci time series for the international crew. (Top panel)

Represents the φrel between oar angles. (Middle panel) Represents the Ci calculated on φrel from cycle i to i+1 as its mean value and confidence interval. (Lower

panel) Represents the RMS calculated on φrel. Dots stand for moments when Ci and RMS values are outside of their confidence intervals (gray zone).

Our second finding pointed out that the functional adaptations
were experienced in different ways: (a) Simultaneously and
Similarly Experienced as Meaningless (SSE-L): 31.3% for
the international crew vs. 11.5% for the national crew; (b)
Simultaneously and Similarly as Meaningful (SSE-F): 25%
for the international crew vs. 26.9% for the national crew;
(c) Simultaneous Diverging Experiences (SDE): 6.3% for the
international crew vs. 11.5% for the national crew; and (d) Not
Simultaneously Experienced as Meaningful (NSEM): 12.5% for
the international crew vs. 30.8% for the national crew. These
findings highlight that for the most part the two rowers of
the international crew simultaneously and similarly experienced
functional adaptions. Conversely, the two rowers of the national
crew alternated between simultaneous and not simultaneous
meaningful experiences of their functional adaptations.

DISCUSSION

The main finding of our study was the close association between
the stability in behavior and boat performance. In particular,
boat velocity variability was associated with the variability in
the interpersonal coordination and individual organization at
kinematic and kinetic levels, which is in accordance with the
literature (Soper and Hume, 2004; Hill and Fahrig, 2009; Nolte,
2011). However, it must be recalled that our study was only based
on two cases; therefore, it is difficult to generalize the results and
to run any statistical analysis.

From there, our aim was to focus on the cycles (for
interpersonal coordination, individual organization and boat
velocity measurements) outside of the confidence interval to
investigate how rowers exploit degeneracy of the perceptual
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FIGURE 4 | Continuous relative phase time series for kinematic data and the related RMS and Ci time series for the national crew. (Top panel)

Represents the φrel between oar angles. (Middle panel) Represents the Ci calculated on φrel from cycle i to i+1 as its mean value and confidence interval. (Lower

panel) Represents the RMS calculated on φrel. Dots stand for moments when Ci and RMS values are outside of their confidence intervals (gray zone).

and motor systems when they coped with race constraints.
Degeneracy property supported “functional” adaptations,
because the behavior varied structurally while the boat’s
velocity remained stable. Conversely, behavioral variability
was observed as “perturbing” when it leads boat’s velocity
outside the confidence interval. This can clearly be seen in the
international men’s pair at 400 and 540 s of the race, when drops
in boat velocity (Figure 10) were associated with high variability
in interpersonal coordination (Figures 2, 5, 6) and lived as
simultaneously divergent experiences (Table 1); this observation
led us to characterize these events as “behavioral perturbation.”
Thus, the race constraints were associated with destabilized

interpersonal coordination, called “behavioral perturbations”
when the boat velocity decreased or “functional adaptations”
when the boat velocity was maintained. This summary of our
main findings suggests three aspects for in-depth discussion: (a)
the functional vs. perturbing role of variability in interpersonal
coordination; (b) the constraints that influence the interpersonal
coordination dynamics in rowing, notably with respect to the
roles given to the stroke (leader) and bow (follower) rowers;
and (c) how the variability in interpersonal coordination was
experienced and shared, particularly regarding whether the
functional adaptations and behavioral and velocity perturbations
were similarly experienced by the two rowers.
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FIGURE 8 | Comparison of Ci time series between stroke and bow rowers for international crew (top panel) and national crew (lower panel) concerning

oar angle.

toward acting on the boat direction or its velocity; see the
last section for further discussion). However, 22% of the time,
high behavioral variability was associated with a perturbation of
the boat velocity. According to the magnitude and frequency
of the inter-cycle variability of the stroke and bow rowers’
respective motor organization, the high behavioral variability
came from one rower (3% of the time; mainly the bow rower)
or the two rowers simultaneously (14% of the time), or was not
associated was the rowers’ behavior (5% of time), confirming that
interpersonal coordination in rowing is an important feature of
performance (Hill, 2002; de Brouwer et al., 2013; Cuijpers et al.,
2015). Our study showed that high variability in interpersonal
coordination could occur at both kinematic and kinetic levels;
however, the behavioral variability observed in the national
crew may have been due to a lack of synchronization in force
generation and a significantly greater difference in force impulse
between the rowers (Figures 4, 5). The next section discusses how
these functional adaptations or perturbations in interpersonal
coordination can be explained by a set of interacting constraints,
notably the role given to the stroke (leader) and bow (follower)
rowers in the crew.

Constraints Influencing the Coordination
Pattern Dynamics in Rowing
Our phenomenological data suggested that when rowers did
not focus on themselves or their partners, they focused on
various task and environmental constraints (e.g., waves, wind,
other boats, changes in the river pathway, buoys indicating
a certain distance from the end) that could be associated
with a destabilization of their interpersonal coordination. As
often observed in a range of cyclic movement tasks performed
individually (in bimanual coordination, see Kelso, 1984; in
postural regulation, see Bardy et al., 2002; in swimming, see
Potdevin et al., 2006) or collectively (in the wrist-pendulum
paradigm, see Schmidt et al., 1998; in postural regulation,
see Varlet et al., 2011; in rowing, see Cuijpers et al., 2015),
stroke frequency is a key task constraint that can act as a
control parameter. In particular, Cuijpers et al. (2015) showed
that when stroke frequency was increased, the synchronization
between limbs and between individual actions was also increased.
According to our phenomenological data, the rowers often
focused on stroke frequency, boat velocity and boat direction,
which might have constrained the coordination between
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FIGURE 8 | Comparison of Ci time series between stroke and bow rowers for international crew (top panel) and national crew (lower panel) concerning

oar angle.
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of the inter-cycle variability of the stroke and bow rowers’
respective motor organization, the high behavioral variability
came from one rower (3% of the time; mainly the bow rower)
or the two rowers simultaneously (14% of the time), or was not
associated was the rowers’ behavior (5% of time), confirming that
interpersonal coordination in rowing is an important feature of
performance (Hill, 2002; de Brouwer et al., 2013; Cuijpers et al.,
2015). Our study showed that high variability in interpersonal
coordination could occur at both kinematic and kinetic levels;
however, the behavioral variability observed in the national
crew may have been due to a lack of synchronization in force
generation and a significantly greater difference in force impulse
between the rowers (Figures 4, 5). The next section discusses how
these functional adaptations or perturbations in interpersonal
coordination can be explained by a set of interacting constraints,
notably the role given to the stroke (leader) and bow (follower)
rowers in the crew.

Constraints Influencing the Coordination
Pattern Dynamics in Rowing
Our phenomenological data suggested that when rowers did
not focus on themselves or their partners, they focused on
various task and environmental constraints (e.g., waves, wind,
other boats, changes in the river pathway, buoys indicating
a certain distance from the end) that could be associated
with a destabilization of their interpersonal coordination. As
often observed in a range of cyclic movement tasks performed
individually (in bimanual coordination, see Kelso, 1984; in
postural regulation, see Bardy et al., 2002; in swimming, see
Potdevin et al., 2006) or collectively (in the wrist-pendulum
paradigm, see Schmidt et al., 1998; in postural regulation,
see Varlet et al., 2011; in rowing, see Cuijpers et al., 2015),
stroke frequency is a key task constraint that can act as a
control parameter. In particular, Cuijpers et al. (2015) showed
that when stroke frequency was increased, the synchronization
between limbs and between individual actions was also increased.
According to our phenomenological data, the rowers often
focused on stroke frequency, boat velocity and boat direction,
which might have constrained the coordination between
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TABLE 2 | Number of cycles outside of the confidence interval and the time at which this high variability occurs during the race, based on boat velocity and the behavioral data (kinematic and

kinetic) for the international crew.

Cycle

number

Kinematic

coordination

Kinetic

coordination

Impulsion differences Mean velocity Consequences for

interpersonal

coordination

Experience of joint action and/or performance outcome

Time Who’s higher? Stroke rower

experience

Bow rower

experience

Shared

experience

Similarity or divergence of concerns

between rowers

1 – – 32.6 Bow 9.8–39.4 Behavioral perturbation Meaningful Meaningful SDE Diverging because the stroke rower wanted to

go straight and the bow rower wanted to turn

the boat to stay far from a buoy

2 62.3–66 – – – – Functional adaptation Meaningless Meaningful NSEM The bow rower focused on turning the boat

3 – – 225.2 Bow – Meaningful Meaningful SSE-F Similar because both rowers focused on the

same direction (i.e., turning because they are

too close the river bank)

4 – – 234.7 Bow – Meaningful Meaningful SSE-F Similar because both rowers focused on the

same direction (i.e., to go straight)

5 274.8 274.7 276.7 Bow – Meaningless Meaningful NSEM The bow rower focused on his technique

6 – – 301.9 Bow – Meaningful Meaningful SSE-F Similar because both rowers focused on the

same direction (i.e., to go straight)

7 406–409.9 407.9–409.8 407.9–413.7 Stroke - Bow -

Stroke

409.8–411.8 Behavioral perturbation Meaningful Meaningful SDE Diverging because the stroke rower focused on

the boat and wave whereas the bow rower

focused on his partner

8 – – 490.9 Stroke – Functional adaptation Meaningless Meaningless SSE-L x

9 532.1 530.1–533.9 533.9 Bow – Meaningless Meaningless SSE-L x

10 539.8 – – – 537.8–539.7 Behavioral perturbation Meaningful Meaningful SDE Diverging because one rower focused on his

technique whereas the other focused on his

partner

11 – – 572.1 Stroke – Functional adaptation Meaningless Meaningless SSE-L x

12 – – 579.6 Stroke – Meaningless Meaningless SSE-L x

13 – 588.9 – – – Meaningless Meaningless SSE-L x

14 – – 619.9–626.9 Stroke – Meaningful Meaningful SDE Diverging because the stroke rower focused on

his stroke frequency and boat velocity whereas

the bow rower focused on his partner

15 – 632.2 632.2 Stroke – Meaningful Meaningful SSE-F Similar because both rowers focused on their

technique

16 – 648.7 – – 640.6–642.3 Behavioral perturbation Meaningful Meaningful SDE Diverging because the stroke rower increased

speed and stroke frequency for the final part,

while the bow rower wanted to do it

progressively

The last column indicates whether the stroke and bow rowers experienced this higher variability in joint action and/or performance as (a) Simultaneously and Similarly Experienced as Meaningless (SSE-L), (b) Simultaneously and Similarly

Experienced as Meaningful (SSE-F), (c) Simultaneous and Diverging Experiences (SDE), or Not Simultaneously Experienced as Meaningful (NSEM), on the basis of the phenomenological data.
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4) Comment analyser l’activité tout en préservant l’écologie de la situation ? 

Observation vs.
Situation expérimentale contrôlée: 

Dans le cas d’une étude 
observationnelle (par ex 
compétition, contexte écologique 
de performance non contrôlé par 
l’expérimentateur), les données 
expérientielles permettent de 
comprendre les 
changements/adaptations de 
comportement.
Primat donné à l’approche 
dynamique écologique.

Neurobiological Degeneracy and Affordance Perception
Support Functional Intra-Individual Variability of Inter-
Limb Coordination during Ice Climbing
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Abstract

This study investigated the functional intra-individual movement variability of ice climbers differing in skill level to
understand how icefall properties were used by participants as affordances to adapt inter-limb coordination patterns during
performance. Seven expert climbers and seven beginners were observed as they climbed a 30 m icefall. Movement and
positioning of the left and right hand ice tools, crampons and the climber’s pelvis over the first 20 m of the climb were
recorded and digitized using video footage from a camera (25 Hz) located perpendicular to the plane of the icefall. Inter-
limb coordination, frequency and types of action and vertical axis pelvis displacement exhibited by each climber were
analysed for the first five minutes of ascent. Participant perception of climbing affordances was assessed through: (i)
calculating the ratio between exploratory movements and performed actions, and (ii), identifying, by self-confrontation
interviews, the perceptual variables of environmental properties, which were significant to climbers for their actions. Data
revealed that experts used a wider range of upper and lower limb coordination patterns, resulting in the emergence of
different types of action and fewer exploratory movements, suggesting that effective holes in the icefall provided
affordances to regulate performance. In contrast, beginners displayed lower levels of functional intra-individual variability of
motor organization, due to repetitive swinging of ice tools and kicking of crampons to achieve and maintain a deep
anchorage, suggesting lack of perceptual attunement and calibration to environmental properties to support climbing
performance.
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Introduction

At elite performance levels, such as in high-level sports,
expertise is expressed by individuals achieving consistent perfor-
mance outcomes, often in highly dynamic performance environ-
ments. According to Ericsson and Lehman [1], an expert is
defined as an individual with at least ten years or 10000 hours of
deliberate practice. They argued that expertise results from
repeated, motivated engagement in an activity requiring effort
and concentration, both of which have little to do with talent [1].
In cognitivist approaches, a high level of expertise results in the
capacity to reproduce a movement like an automatism, with
movement variability considered as a dysfunctional aspect of
motor control, representing the amount of noise to be reduced for
achievement of successful performance [2–5].

Alternatively, in an ecological dynamics approach [6,7], it has
been suggested that the nature of performer-environment
relationship and the coupling of perception and action is not the

same for beginners and experts. This is because the expert is more
capable of exploiting information about environmental and task-
related constraints to functionally (re)organize the multiple degrees
of freedom of the body to achieve consistent performance
outcomes. Thus, the greater adaptability of the experts to a
variety of interacting constraints, categorised as organismic,
environmental and task-related [8], has emphasized the functional
role of movement variability [3,9,10]. From this perspective,
movement variability allows the performer to explore different
perceptual-motor solutions, facilitating the discovery of functional
patterns of coordination and is supported by inherent neurobio-
logical system degeneracy [10–12]. According to Edelman and
Gally [12], ‘‘degeneracy is the ability of elements that are structurally different
to perform the same function or yield the same output’’ (pp. 13763). It
signifies that elements of the system exhibit heteromorphy and also
iso-functionality [13]. With regards to the process of skill
acquisition, degeneracy signifies that, with practice, a learner
can structurally vary his/her perceptual-motor system organiza-
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Results

Performance Outcomes and Fluency of Climbing
Movement

Experts covered a greater distance on the vertical axis in 5
minutes than beginners (13.864.8 m vs. 7.263.9 m; F1,6 = 13.25,
p,0.05). Analysis of the vertical displacement-time curve for the
pelvis showed a greater number of plateaux for expert climbers
than for beginners (10.260.5 vs. 8.061.6; F1,6 = 6.76, p,0.05), but
of shorter time durations (28.562.1 s vs. 36.067.5 s; F1,6 = 7.48,
p,0.05).

Inter-limb Coordination
Both groups showed upper-lower limb coordination patterns,

which were predominantly in an in-phase mode (!q(t) = 1.763.8u
for beginners and !q(t) = 21.661.6u for expert climbers), but with
a great variation in the coordination patterns observed during
climbing (standard deviation of !q(t) = 42.5u for beginners and
44.8u for expert climbers). Notably, 39.4613.3% of the time spent
climbing was in an in-phase mode for beginners and 37.465.1%
for expert climbers (Fig. 2). The remaining upper-lower limb
coordination interactions varied between 290u,!q(t),90u.

Typically during the whole climb, both groups tended to keep
their two ice tools horizontally located (12.6621.3u for beginners
and 13.1615.8u for experts) and their crampons in a horizontal
position (22.2616.2u for beginners and 18.8620.7u for experts).
However, experts tended to vary the angular positions of their ice
tools more (standard deviation of ice tools angle = 48.666.6u vs.
27.167.6u for beginners; F1,6 = 27.25, p,0.05) as well as their
crampons (standard deviation of crampons angle = 24.269.8u vs.
36.9612.6u for beginners; F1,6 = 7.49, p,0.05), exploring a larger
range of angular positions: from 2135u to 180u for upper limb
coordination and from 2157.5u to 112.5u for lower limb
coordination. Conversely, beginners tended to explore angular
positions from 290u to 112.5u for upper-limb coordination and
from 267.5u to 90u for lower-limb coordination (Fig. 3 and 4).
Upper limb behaviours mainly differentiated climbing skill, since
the expert group displayed differences with beginners for seven
angular positions. In contrast, the two groups were different for
only three angular positions in lower-limb coordination patterns
(Fig. 3 and 4). Notably, beginners spent more time with their two
ice tools and their two crampons diagonally located (respectively,
64.1610.6% vs. 50.566.9% for experts, F1,6 = 8.62; 69.8613.9%
vs. 56.169.2% for experts, F1,6 = 10.32, all p,0.05) and less time
with their ice tools and their crampons in a vertical position

Table 1. Illustration of perceptions, actions and intentions of expert climbers.

Perceptions Actions Intentions

Good hole is deep and vertically oriented
(e.g., expert 3: ‘‘it must be a vertical hole’’…
‘‘I try to find a deep hole, deeper is the hole,
better it is’’).
Good hole when the ice is dense and
homogeneous around this hole. Perception
focussed on the sound of the tools against
the icefall to detect information about the
property of ice thickness (e.g., expert 3:
‘‘it’s not only the hole, it’s also the ice
quality… the manner of which the ice
responses to us, the sound is very important,
especially when the blade penetrates in the
ice…a good sound is a short thud sound,
not too loud…when there is no vibrations,
the ice tool will anchor uniformly in the ice’’).

Good hole is a hole that could be hooked and
not swung into (e.g., expert 2: ‘‘There is a hole,
I know I can put the ice tool, just put the ice tool
like this’’).
Instead of automatically swinging their ice tools,
experts put the blade horizontally into the hole
and apply a downward force or they smoothly
whipped the ice tool with the
wrist (e.g., expert 3:
‘‘I just apply a small wrist acceleration at the end
of the hooking like a whipping’’).
The upper and lower limb actions seemed
strongly linked because the holes used by the ice
tools were also exploited for the crampons (e.g.,
expert 5: ‘‘I tried to re-use the hole done by my
ice tools for my crampons’’).

Focus on safety, since one of their goals was to save the icefall
structure (e.g., expert 4: ‘‘My goal is to swing with the weakest
force to minimize damage of the icefall, because it remains a fragile
structure’’).
Focus on efficiency and energy economy by:
Hooking hole (e.g., expert 1: ‘‘The most economic strategy is to
hook; so when I can, I just put my blade in a hole that is more
economic than swinging. Ice tool swinging becomes rapidly tiring’’),
Balancing the body (e.g., expert 3: ‘‘I move my crampons step
by step from right to left to centre my pelvis between my ice tool’’;
expert 2: ‘‘If I move too far from my ice tool, when I take of my
other ice tool, my body will turn like a door, so I try to regulate my
posture by moving my foot through small and numerous kicking’’),
Maintaining a constant climbing fluency and speed (e.g.,
expert 5: ‘‘I anchor my two ice tools, then I move my crampons step
by step, and so on’’).

doi:10.1371/journal.pone.0089865.t001

Table 2. Illustration of perceptions, actions and intentions of beginners.

Perceptions Actions Intentions

Good hole is big and
deep (e.g., beginner 2:
‘‘a good hole is a big
and deep hole; if the
hole is like 2 cm, I go
on a side to see a deeper
one exists’’).

A deep hole looks like a hole where the blade could be fully
anchored (e.g., beginner 1: ‘‘I look for a deep anchorage, with the blade
half or fully anchored’’) and the stick of the ice tool is close to the ice
fall surface (e.g., beginner 2: ‘‘when I find a good hole like this, the glove
touched the ice fall…when my hand is close to the ice fall, I’m confident
in my anchorage’’).
To anchor the blade, the beginners swung the blade in the hole
then tried to pull it downward (e.g., beginner 3: ‘‘I pull on the
stick once the blade is anchored to test it’’).
Beginners attempted to put their crampons horizontally on the
steps (e.g., beginner 2: ‘‘I put my foot like duck, horizontally on the step
and I don’t especially take care of the two frontal peaks of the crampons’’).
When they were not able to find steps, they engaged in repetitive
kicking with their crampons until creating a big hole in the icefall
to design a deep step (e.g., beginner 1: ‘‘when there is no step or
platform, I dig the icefall’’).

Focus on safety found only in:
Deep ice tool anchorage (e.g., beginner 4: ‘‘I’m scared
when the ice tool is only put on the blade extremity. I looked
for a deep anchorage with my ice tool because I feel it is
better when the blade does not move’’),
Natural step with a large surface on which to put their
crampons,
Stabilised blade and ice tool that did not move (e.g.,
beginner 3: ‘‘When the ice tool is well anchored and touched
the icefall, I keep going’’),
Short time where they needed to use the frontal peaks
of the crampons because they felt insecure and in an
unsafe situation (e.g., beginner 3: ‘‘When the icefall was
vertical, only the frontal peaks of the crampons were
anchored, it was like nothing, no support’’).

doi:10.1371/journal.pone.0089865.t002

Degeneracy and Affordances Support Variability
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Typically during the whole climb, both groups tended to keep
their two ice tools horizontally located (12.6621.3u for beginners
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(e.g., expert 3: ‘‘it must be a vertical hole’’…
‘‘I try to find a deep hole, deeper is the hole,
better it is’’).
Good hole when the ice is dense and
homogeneous around this hole. Perception
focussed on the sound of the tools against
the icefall to detect information about the
property of ice thickness (e.g., expert 3:
‘‘it’s not only the hole, it’s also the ice
quality… the manner of which the ice
responses to us, the sound is very important,
especially when the blade penetrates in the
ice…a good sound is a short thud sound,
not too loud…when there is no vibrations,
the ice tool will anchor uniformly in the ice’’).

Good hole is a hole that could be hooked and
not swung into (e.g., expert 2: ‘‘There is a hole,
I know I can put the ice tool, just put the ice tool
like this’’).
Instead of automatically swinging their ice tools,
experts put the blade horizontally into the hole
and apply a downward force or they smoothly
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of the hooking like a whipping’’).
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tools were also exploited for the crampons (e.g.,
expert 5: ‘‘I tried to re-use the hole done by my
ice tools for my crampons’’).

Focus on safety, since one of their goals was to save the icefall
structure (e.g., expert 4: ‘‘My goal is to swing with the weakest
force to minimize damage of the icefall, because it remains a fragile
structure’’).
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hook; so when I can, I just put my blade in a hole that is more
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expert 2: ‘‘If I move too far from my ice tool, when I take of my
other ice tool, my body will turn like a door, so I try to regulate my
posture by moving my foot through small and numerous kicking’’),
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Abstract
The incorporation of external tools during a sports activity can be analyzed through the dynamics of appropriation. In this 
study, we assumed that appropriation could be documented at both the phenomenological and behavioral scales and aimed 
to characterize trail runners’ interactions with five carrying systems (i.e., backpacks proposing different ways of carrying 
water) in an ecological setting. The runners ran a 3-km trail running loop, equipped with inertial sensors to quantify both 
their vertical oscillations and those of the carrying systems. After the trials, phenomenological data were collected in enac-
tive interviews. Results showed that (1) the runners encountered issues related to the carrying system, whose emergence 
in their experiences while running revealed the interplay between the tool’s transparency (i.e., when runners provided no 
account of the carrying system) and opacity (i.e., when runners mentioned perceptions of disturbing system elements), and 
(2) when the runners carried the water bottles on the pectoral straps, they felt the system bouncing in an uncomfortable way, 
especially in the less technical parts of the route. We therefore investigated the low- and high-order parameters of coordina-
tion by computing the vertical accelerations and the acceleration couplings between the carrying system and the runners in 
order to identify coordination modes. The congruence between the runners’ experiences and the behavioral data was noted 
in terms of (1) the system’s vertical oscillations (i.e., low-order parameters) and (2) the couplings between the accelerations 
of the runners and the backpacks (i.e., high-order parameters). Our results demonstrated that the appropriation process was 
shaped by the interactions between the runners’ activity, the environment and the physical properties of the tool. These 
interactions occurred in fluctuating phases where the runners perceived the carrying systems as more or less incorporated. 
Our results highlighted how tool incorporation is revealed through changes in its transparency/opacity in the actor’s activity.

Keywords Enaction · Phenomenology · Appropriation · Trail running

Introduction

Most of our daily activities entail the appropriation of 
external tools to extend the range of our actions and/or 
perceptions, thus opening up new perspectives for novel 
relations with the environment. Sports activities rely exten-
sively on materiality to empower athletes to achieve high 
performances. An interesting example is trail running: The 
task is very simple in terms of motor skills (i.e., running 
on marked hiking trails), but this sport requires practition-
ers to be instrumented with several tools (e.g., trail running 
shoes, GPS watches, poles, backpacks, hydration systems) 
to sustain the long-lasting effort and logistical autonomy 
between refreshment points. This has prompted several ques-
tions, such as: How exactly do athletes integrate tools into 
their activity? How do these tools impact their perceptions, 
actions and cognitions? In what ways do tools modify how 
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Problématique: Comment interpréter les 
changements de préoccupations typiques au 
cours du temps ? 
Primat donné au Cours d’action

Ex1: Choix des variables dépendantes pour 
analyser le comportement grâce aux données 
d’expérience: 
Les coureurs rapportent des pb de ballotements 
du système d’hydratation.
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Phenomenological data collection and analysis

Enactive interviews

The enactive interviews were conducted immediately after 
the run. Participants were asked to describe their experience 
during the run by respecting the chronology of the events 
from the run start to its end (and respecting the order of the 
carrying conditions). We focused the analysis of experience 
at the pre-reflective level in order to identify the structur-
ing elements of experience in situation (Theureau 2010). 
This level reveals how the runners handled it online, unveil-
ing embodied, situated and meaningful elements emerging 
from their interactions with the environment and the carry-
ing systems. The aim of these interviews was to characterize 
how they had subjectively assessed the carrying conditions 
while running by identifying the salient elements that were 
meaningfully marking their experience. Participants were 
confronted with the traces of past activity (i.e., pictures and 
maps of the route, and pictures of them during the transi-
tions between each trial). The confrontation was designed 
for the collection of their experience as they re-enacted their 
activity (Rochat et al. 2017; Hauw 2018): We asked the run-
ners to describe and comment on their re-enacted activity 
by expressing what they were doing, thinking and perceiv-
ing at every instant. By doing so, we expected that their 
re-enactments would in great part present similarities with 
the activity they had actually developed. We also ensured 
that the backpacks were available during the interviews 
to help elicit further information during the re-enactment 
regarding feelings associated with the carrying systems. 
When the participants mentioned elements associated with 
the carrying systems, the researcher systematically asked 
them in which part(s) of the route these elements emerged 
in their experience (e.g., When did you start feeling this? 
Did it last the whole run or just in some parts? Can you tell 
me where?). By doing so, we were able to track the emer-
gence of the meaningful elements associated with the car-
rying system during the unfolding activity. While we gave 
particular attention to their interactions with the systems, we 
did not exclude the other dimensions of their activity, which 
ensured that all significant elements marking their experi-
ence were documented. In order to help them to express 

their experience, the researchers asked questions about their 
actions (i.e., What are you doing?), perceptions, called “rep-
resentamens” (e.g., What is drawing your attention? What 
are you seeing? What are you feeling?), and involvements 
(e.g., What are you concerned about? What are you trying 
to do? What are you thinking about?). Requests for interpre-
tations and generalizations were avoided (Theureau 2010). 
All self-confrontation interviews were video-recorded and 
transcribed for further analysis.

Portraying phenomenological dynamics

The study of Rochat et al. (2018) reported on the represen-
tamens associated with each carrying system, without, how-
ever, situating them in relation to the dynamics of the run. 
For the present study, we attempted to go one step further, 
by restoring and then characterizing the dynamics of these 
emerging representamens in relation to (1) the environmen-
tal setting (e.g., topography of the route) and (2) the behav-
ioral dynamics (i.e., the vertical accelerations of both the 
runners and carrying system, see “Behavioral data collec-
tion and analysis” section). To do so, we conducted in-depth 
analyses of the enactive interviews and identified the typical 
representamens (i.e., the meaningful elements reported by 
the participants) associated with each carrying condition. 
The representamens thus revealed modalities in which each 
carrying system emerged in a given runner’s awareness; they 
were negative (i.e., runners were disturbed by the meaning-
ful elements of the carrying system), positive (i.e., runners 
characterized these meaningful elements as suitable and/
comfortable) or neutral (i.e., runners perceived some of the 
features of the carrying system but did not describe them as 
positive or negative). The same representamen could there-
fore be described as positive by one participant and negative 
by another. For each participant and each carrying condition, 
we then situated the temporal emergence of all the repre-
sentamens and their appearance frequency during the trials 
using the route profile. We did so by creating one entry cor-
responding to one representamen (e.g., “noise” or “weight”) 
and aggregated its occurrence in the runners’ experience 
(e.g., in the first flat section of the route or in the last steep 
uphill, etc.) The compilation of all the representamens gave 

Fig. 2  Illustration of the carrying system configurations used for the protocol
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Ex2: Echantillonnage des données comportementales grâce aux 
données d’expérience:
Analyse du couplage des accélérations du bassin et du sac en 
découpant le parcours de 3km en 2 parties reflétant 2 profils 
différents (plat au début, vallonné à la fin).

Cognitive Processing 

1 3

us a global depiction of the dynamics of the emergence of 
the carrying system in the runners’ experiences.

In sum, we analyzed the temporal dynamics of phe-
nomenological experience in order to (1) identify how the 
appropriation process emerges via the identification of a 
macroscopic variable that synthesizes the incorporation of 
a tool in instrumented activity, and (2) characterize the situ-
ations in which the interplay between tool transparency and 
opacity fluctuates in relation to the constraints encountered 
during the unfolding situation. The phenomenological data 
helped us to select the meaningful behavioral parameters 
and sample the meaningful time period in the time series 
within the whole event. Ultimately, we sought to unveil the 
mutual enrichment of two domains of evidence concerning 
a specific phenomenon (i.e., in our case, backpack bouncing 
in trail running) and show how the articulation of first- and 
third-person data can be analyzed in a mutually informing 
way.

Behavioral data collection and analysis

The vertical oscillations of the runners’ hip and the back-
pack were recorded during the entire protocol with four 
wireless inertial sensors (i.e., inertial measurements units: 
IMUs)  (HIKOB®, Hikob Fox, Villeurbanne, France). Each 
IMU was composed of a three-dimensional accelerometer, a 
three-dimensional gyroscope and a three-dimensional mag-
netometer. The accelerometer and gyroscope frequencies 
were set at 100 Hz, and the magnetometer frequency was set 
at 110 Hz. In parallel, the maximal acquisition range of each 
sensor was set to ± 16 G for the accelerometer, ± 2000° s−1 
for the gyroscope and ± 2.5 gauss for the magnetometer.

The IMUs were positioned on the runners’ hip with an 
elastic belt, at the lower part of the backpack (against the 
trailer’s back), and on the two pectoral straps of each carry-
ing system. The three sensors placed on the backpack were 
vertically stabilized with 10 × 5 cm rigid supports to prevent 
them from twisting (Fig. 3).

Each IMU communicated with a synchronizer, which 
enabled us to synchronically launch or stop the recordings 
of all IMUs. From the beginning to the end of the tests, the 
synchronizer was placed in the carrying system to ensure 
the connection between all sensors. In order to isolate the 
relevant signal portions corresponding to each running con-
dition, participants were asked to stand still for 30 s before 
starting a new trial. These IMUs have already been used 
in a swimming study to analyze the inter-segmental upper 
limb coordination in front crawl (Guignard et al. 2017a). The 
authors demonstrated their usefulness to record motion over 
continuous and long ranges of time.

Behavioral data processing

The behavioral data were processed with MATLAB R2014a 
software (The MathWorks, Inc., Natick, MA, USA) to com-
pute the vertical accelerations of the hip and backpack (i.e., 
bottom of the backpack and the left and right straps) and 
analyze the nature of their couplings. Each IMU measured 
data according to its own internal coordinates (i.e., local 
coordinate system). In order to estimate each IMU’s orienta-
tion, the magnetometer had to be calibrated with a common 
external reference—in the present case, the earth reference 
(gravity north, east) (Seel et al. 2014). Each magnetometer is 
by definition sensitive to the magnetic field emanating from 
the place it is recording. This means that the presence of 
magnetic perturbation (generally induced by ferromagnetic 
material) may reduce the precision of the orientation estima-
tion (Bachmann et al. 2007; de Vries et al. 2009). In order to 
eliminate the magnetic distortion, we performed one record-
ing in which each IMU was manipulated in the three spatial 
dimensions, following the method of Merayo et al. (2000).

Computation of accelerations The second step consisted of 
calculating the accelerations of each IMU using the earth 
reference rather than the reference of the IMU’s box. In this 
case, we focused only on IMU vertical accelerations in ref-
erence to the gravity axis. The Madgwick et al. (2011) algo-

Fig. 3  Illustrations of sensor positioning on participants and carrying 
systems. The picture on the left displays the belt runners wore on the 
hips. The picture in the middle shows the placement of the IMU on 

the rigid support in the bottom of the backpack. The picture on the 
right shows the placement of the IMU on the shoulder strap
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third-person data with first-person data (e.g., analyzing 
only a part of the data in the whole dataset) and (3) the 
analysis of the constraints of a given task, which are mean-
ingful to the athletes.

In the continuity of these studies, we assumed that the 
articulation of the phenomenological and behavioral levels 
in a protocol reproducing a training situation in trail running 
(repetition of five runs on a 3-km loop in a natural setting 
at a regular running pace) to test various carrying systems 
would reveal how appropriation is shaped by the coupling 
between the runners’ activity (e.g., adaptation to the terrain, 
effort management) and the physical characteristics of the 
environment (i.e., the topography, the length of the running 
route). We hypothesized that appropriation, which is char-
acterized by a change in the relationship with the tool (i.e., 
the carrying systems) during an unfolding activity, would 
be reflected by phenomenological and behavioral indica-
tors, which when taken separately would not be interpret-
able as accounting for the mechanism of appropriation. We 
expected that documenting appropriation with mutually 
enriching data would provide a more holistic understanding 
of the ongoing and dynamic transformations involved in the 
process. Specifically, we focused on running activity while 
carrying water under the assumption that in cases of a diver-
gence between runners’ perceptions and acceleration cou-
plings, appropriation does not occur. To address this issue, 
we designed an experimental protocol that included the eco-
logical setting for trail running. We deepened the analysis of 
a specific issue, backpack bouncing, by manipulating vari-
ous types of carrying systems. We sought to document the 
salient aspects associated with the carrying systems during 
the unfolding activity at the phenomenological level (i.e., 
first-person data) in order to identify the relevant dependent 
variables to investigate. Then, the phenomenon of bouncing 
was further documented with third-person data that charac-
terized the low- and high-order parameters of behavior; this 
was accomplished by equipping the participants with inertial 
sensors to quantify the vertical oscillations of both runner 
and carrying system.

Participants

Nine male recreational trail runners volunteered to par-
ticipate in the study. Their mean age was 37.8  years 
old (SD = 7), and they ran a mean of 51.1 km per week 
(SD = 21.03). They had between 2 and 15 years of experi-
ence in trail running.

Protocol

Participants were asked to run a 3-km loop at a regu-
lar and comfortable pace in five carrying conditions 
(mean = 10.91 km h−1, SD = 0.48). Between each trial 
(one trial for each condition), the runners had a 4-minute 
rest (time to change equipment and initiate inertial sensor 
recordings with the synchronizer). The route was marked 
and had several terrain conditions typical of trail running: 
forest trails, asphalt road portions, a technical descent and 
a steep ascent (Fig. 1). All in all, each runner had run 
15 km at the end of the run.

The runners changed equipment at the end of each loop. 
The five carrying conditions using the system models were 
as follows (Fig. 2):

C1: a backpack with a water bladder in the dorsal pocket 
(1.2 L)
C2: a waist pack with the bottles (2 × 600 mL) on the hips
C3: a backpack with two front bottles (2 × 600 mL) on 
the shoulder straps
C4: the same system as C3 with half-filled bottles 
(2 × 300 mL)
C5: the same system as C3 with half-filled soft bottles 
(2 × 300 mL)

To avoid the order effect, each runner experienced all 
the conditions in a fully randomized order.

Fig. 1  Altimetric profile of the 
3-km route used for the proto-
col. The loop was split into two 
halves. Section 1, the first half, 
was mainly composed of flat 
and asphalt road. Section 2 was 
hillier and composed of single 
tracks through the forest
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rithm was used to estimate the orientation of the sensors 
in relation to the earth reference. These orientations can be 
represented by quaternions, rotation matrices or Euler angles 
(i.e., mathematic expressions that can be used to represent 
the tri-dimensional rotation of objects) (Seel et  al. 2014). 
For this experiment, we estimated the attitude of each IMU 
as quaternions and rotation matrices. The algorithm is based 
on the trapezoidal integration of data collected by the accel-
erometer, as well as the angular speed data (emanating from 
the gyroscope) (Sabatini 2011). The derivation of the orien-
tation data was next corrected based on the hypothesis that 
accelerations are dominated by a gravitational component 
(Luinge and Veltink 2005). Then, the tri-dimensional unit 
vector of each IMU was estimated with the data extracted 
from the magnetometer and used to estimate the vertical 
acceleration in the gravity axis (as already done in climb-
ing by Seifert et  al. (2014a). Last, the temporal series of 
accelerations in the vertical axis of the four IMUs (bottom 
of the backpack, left and right straps) were used to assess 
(1) high-order parameters of motor behavior (i.e., runner/
backpack acceleration couplings) and (2) low-order param-
eters of motor behavior (i.e., maximal and minimal values 
of acceleration peaks (Haddad et al. 2006; Guignard et al. 
2017b).

Coordination was characterized by the coupling of three 
pairs of IMUs: the coupling between the vertical accelera-
tion of the hip and (1) the vertical acceleration of the bottom 
of the backpack, (2) the vertical acceleration of the left strap 
and (3) the vertical acceleration of the right strap. These 
couplings were assessed with the vector coding method !i 

in accordance with the procedure described by Needham 
et al. (2014). For each i instant of the normalized running 
cycle, the coupling γi was calculated according to the con-
secutive angular acceleration of the hip aH(i+1) − aH(i) and the 
consecutive acceleration of one of the sensors positioned on 
the carrying system aCS(i+1) − aCS(i) (Fig. 4) according to the 
following equation (Chang et al. 2008):

We applied the same conditions described by Needham 
et al. (2014) and recently used in front crawl swimming 
(Guignard et al. 2017a) to complete the computation of par-
ticular values of the coupling angle γi. With these operations, 
the coupling angle values all appeared between 0° and 360° 
(Fig. 4).

Acceleration couplings and coordination modes The accel-
eration couplings between the hip and one of the sensors 
positioned on the carrying system (i.e., the coupling angle; 
Fig. 4 left) at each point of the cycle were categorized in 
one of the four coordination modes (Chang et  al. 2008; 
Hafer et al. 2016): in-phase, anti-phase, hip in advance or 

(1)
!i = arctan

(

aCS(i+1) − aCS(i)∕aH(i+1) − aH(i)

)

⋅ 180 ∕" when aH(i+1) − aH(i) > 0

(2)
!i = arctan

(

aCS(i+1) − aCS(i)∕aH(i+1) − aH(i)

)

⋅ 180 ∕" + 180 when aH(i+1) − aH(i) < 0
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Fig. 4  A typical example of a portrait of the accelerometric relations between the sensor positioned on the hip and the one positioned in the 
backpack (left) and the coupling modes of these accelerations (right). Similar portraits can be obtained using the sensors positioned on the straps
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situated actions impacted the tool appropriation process that 
we detail below.

In line with the findings of Rochat et al. (2018), the car-
rying systems became more transparent in the second half of 
the route, which was more constraining (i.e., more technical 
trails): The runners no longer mentioned elements in rela-
tion to the carrying system but were instead focused on the 
environmental features in order to avoid falling or injuring 
themselves. These observations stemming from the analyses 
of phenomenological data were supported by the statistical 
analyses of the behavioral variables, which showed what 

we called a “section effect” that interacted with the “condi-
tion effect” and revealed the “condition effect” in section 1. 
These results highlight the situated property of appropria-
tion. This perspective does not necessarily mean, however, 
that the carrying system was incorporated into the runners’ 
own bodies, but rather that the runners’ own worlds were 
made up of other situated elements (i.e., terrain, route pro-
file) that were temporally more salient than the carrying sys-
tem, indicating the interaction between different constraints 
(i.e., those stemming from the environment vs. those stem-
ming from the carrying system). In these specific situations, 
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Fig. 9  Hip/backpack couplings (top panels), hip/left strap couplings (middle panels) and hip/right strap couplings (bottom panels) for two typical 
conditions (participant 3, condition 3, panels A; participant 5, condition 2, panels B)



Conclusion

§ Une seule personne peut elle être spécialiste de 2 approches, voire 2 paradigmes 
différents, qui présuppose des ontologies différentes sur l’activité humaine ? Peut on 
s’inscrire dans 2 approches différents au risque d’être assis entre 2 chaises  et n’être 
spécialiste d’aucune de ces 2 approches ?

§ Les MMR ne sont t’elles possibles qu’à travers un travail d’équipe avec des spécialistes qui 
font « un pas de coté » ? 

§ Se questionner sur les contours de son paradigme et de ses présupposés théoriques, et la 
compatibilité avec d’autres approches.

§ Se questionner sur les innovations méthodologiques possibles / aux présupposés 
théoriques, et seulement ensuite sur la mise en œuvre de ces innovations qui peuvent 
passer par les MMR.
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