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This theoretical paper develops the social dimension of the constraints model
in relation to skill acquisition and sports performance. First, it presents the evolu-
tion of the constraints model since the original proposal by Newell (1986), later
developed and applied to physical activities and sport by ecological dynamics. The
underrepresentation and misplacement of the social dimension within the con-
straints model so far, leads to the proposal of a novel analysis, taking into account
both the constitutive (S) and interactive (s) facets of the social. Such an analysis
not only detects the social dimension of performer, task, environmental and infor-
mational constraints, but also helps to suggest two new kinds of constraints: voli-
tional and semiotic. The paper then suggests a new enhanced model of constraints
that helps to gain new insights into the question of agency in relation to the pro-
cess of decision-making during the dynamic interactions of subject-environment.

Key Worps: Social, Ecological dynamics, Affordances, Constraints, Deci-
sion-making, Agency.

1. Introduction

On 30" June 2006 at the Olympiad stadium in Berlin, Germany met
Argentina for the quarterfinals of the football World Cup. After 120 minutes,
the 1-1 score led to a penalty shootout between the two teams. Jens Leh-
man, the German goalie, would become legendary after playing a key role in
his team’s victory: he saved two penalties (leading to a German win by 4-2)
and he almost saved the other two. Nonetheless, what was remarkable about
Lehman’s performance was his use of what was dubbed as the ‘cheat sheet”:
a piece of paper with supposed information about the penalty kick prefer-
ences of the Argentinian players that Lehman had stuck between the shinpad
and the sock of his right leg. Before each shoot by the Argentinian squad,

Correspondence to: Rail Sdnchez-Garcia, Polytechnic University of Madrid (UPM), INEE
C/Martin Fierro 7, 28040 Madrid (Spain). (E-mail: raul.sanchezg@upm.es)



234 R. Sanchez-Garcia

the German goalie would repeat the same ritual: he would take the piece of
paper from the sock, study it thoroughly and conspicuously, and put it back
in the sock before taking his position under the crossbar. The versions of the
facts are controversial: did Lehman really have accurate information about
the Argentinian players? Was it all nothing but a display of public pretended
actions to confound the adversaries'?

This case is truly informative about how decision-making occurs in
sport. Using a rational choice theory (based on choice axioms and subjective
expected utility maximisation), Lehman’s public display of the sheet was not
really smart. Why tell your opponents that you have accurate information
about their behaviour? From this detached, mere mental calculation of in-
formation, the best option for the goalie would be to hide this information to
the shooter so the latter repeats the habitual pattern. Nonetheless, Lehman
did precisely the opposite: he conspicuously showed to everyone that he was
studying a note on the specific shooter. He even did that in the turn of Es-
teban Cambiasso, an Argentinian player that was not on Lehman’s list. If the
goalie did not have any information on the player, why follow the pretended
play of conspicuously looking at the note?

Well, if we take into account an ecological standpoint on decision-mak-
ing, there are many factors (constraints, see below), apart from mental calcu-
lation, that affect decisions. In the specific case at hand, there was something
about the social interaction between goalie and shooter that was affecting the
whole process of making decisions. The main aim of this paper is to develop
further the social dimension of the constraints model in ecological dynamics
to understand the dynamic relationship between subject-environment, espe-
cially in connection with the topic of decision-making and agency in sports
activities.

The structure of the paper is as follows: the first section introduces the
evolution of the constraints model as used in ecological dynamics and crit-
icises the underdevelopment and misplacement of the social dimension in
the model; the second section remedies the pitfalls of the social dimension
and proposes an enhanced constraints model, adding semiotic and volitional
constraints. It also discusses the topic of agency in decision-making, pro-
viding implications that surpass the ambit of sport performance and skill
acquisition; the last section presents some conclusions and further steps for
future investigations.

! Thanks to Gerd Gigerenzer for bringing this case to my attention. See a presenta-
tion of the case and a discussion on the controversy at: https://www.fifa.com/tournaments/
mens/worldcup/2006germany/news/the-piece-of-paper-that-helped-germany-turn-the-pa-
ge-2811265
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2. Ecological Dynamics and the Evolution of the Constraints-Model

In the field of skill acquisition, the research programme known as eco-
logical dynamics (Vilar, Aradjo, Davids, & Renshaw, 2012; Button, Seifert,
Chow, Aradjo & Davids, 2021) aims to blend Gibson’s ecological psychol-
ogy and dynamic systems, taking the individual-environment as the unit of
analysis to study cognition of human subjects during sports and physical ac-
tivities. The unit of study for ecological dynamics is the nonlinearly coupled
animal-environment system (Aratjo, Hristovski, Seifert, Carvalho & Davids,
2019, p. 5).

The dynamic relationship between an environment and human agents
(e.g., players) engaged in the intending-perceiving-acting cycle (Kugler,
Shaw, Vincente, & Kinsella-Shaw, 1990) of a goal-oriented activity is always
affected or “channelled” (Aratjo & Davids, 2004, p. 50) by different types of
constraints, acting as boundary conditions (Newell, 1986). For instance, an
action of a striker in football when a teammate has made a pass from the cor-
ner depends on the speed and height of the ball; on the light conditions in the
environment; on the position and posture of the teammates and adversaries;
on the jump power and fatigue of the striker; and on the pressure from the
crowd when playing abroad, etc. All these constraints affect the dynamics of
the system formed by striker and environment.

The model of constraints currently used by ecological dynamics (But-
ton et al., 2021) was originally developed by Karl Newell (1986). Follow-
ing the theory of action proposed by Kugler, Kelso and Turvey (1980,1982),
Newell (1986) considered that coordination did not depend on prescribed
instructions of a motor programme (as intended by information-processing
approaches) but occurred as a consequence of the constraints imposed on
action. The problem of coordination and control of action had been cru-
cial to Bernstein (1967), an author that Newell brought to the discussion
at that time. Newell considered constraints as boundary conditions that af-
fected the optimal coordination pattern and control: “Constraints may be
viewed as boundaries or features that limit motion of the entity under con-
sideration.” (Newell, 1986, p.347). Newell differentiated between internal
(organismic) and external (task and environmental) constraints. Organismic
constraints were divided into structural (body weight, height, shape) and
functional (development of synaptic connections). Task and environmental
constraints were both external and differed only in their specificity, with en-
vironmental being more global and general boundary conditions than task.
Task constraints included: 1) goals; 2) rules; and 3) implements or machines;
and environmental (not manipulated by the experimenter, acting as ambient
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conditions for the task) included: gravity, natural temperature, and natural
light (see Fig. 1).

At that time, Newell did not pay attention to perception, just the mo-
tor control and coordination aspect of action. Newell and McDonald (1992)
introduced the topic of perception in the model in the form of a “percep-
tual-motor landscape as an interface between the kinematics of information
and the kinetics of action.” (p.56). (See Fig. 2).

Organism

Environment Task

Coordination and
Control

Fig. 1 - Newell’s (1986) original constraints model. The model only considered ques-
tions of control and coordination of action.
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Fig. 2 - Constraints model, adapted from Newell and McDonald’s (1992). The model
introduces the importance of perception in the perceptual-motor workspace.
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Newell (1996, p.405) developed this question further by introducing
Gibson’s affordances and invariants within the perceptual motor workspace,
connected to decision-making. Gibson’s affordances? relate to the specifica-
tion of decision-making without the need for internal representation (affor-
dance specifies goals) and Gibson’s invariants provide online information to
initiate and regulate the movement sequence.

The use of Newell’s constraints model in skill acquisition from an eco-
logical dynamics approach (see Table 1 for a synthetic view of constraints as
considered in different relevant studies) blends two crucial theoretical pillars:
Bernstein on motor control and coordination to specify physical constraints
(organismic, task, and environmental); and Gibson on perception-action
couplings to specify informational constraints (energy flows, such as light,
sound, pheromones, etc.) (Davids, Button, & Bennett, 2008; Button et al.,
2021).

Interestingly, the ecological dynamics approach also started to take into
account the social dimension of the constraints model, introducing it within
the environmental constraints, identifying the social with “family support,
peer groups, societal expectations, values and cultural norms.” (Davids, But-
ton, & Bennett, 2008, p.41; Button et al., 2021, p. 37). Button et al. (2021)
considered the existence of sociocultural constraints as part of environmen-
tal constraints (pp.37,107,153) in the constraints model. They considered
socio-cultural factors such as family, coach, peer group influences, rituals,
the prevalence of an evaluative coach or audience pressure, and the culture
of clubs, regions, or countries, etc’.

Socio-cultural constraints have found a current momentum in the eco-
logical dynamics research community. Moy, Renshaw, Davids, and Brymer
(2015) identified a persistent acculturation of current PE teachers into the
past militaristic approach to gymnastics, resulting in the maintenance of the
status quo of a teacher-driven, reproductive paradigm. Moreover, a broad
set of body image expectations in different societies or gender expectations
about certain sports and/or physical activities proved to act as strong so-
cio-cultural constraints (Swami, 2015). Rothwell, Davids, and Stone (2018)
detected historical influences of industrial working practices in professional
coaches of team sports such as rugby. Uehara et al. (2018; 2021) identified

2 Crucial as it is for the understanding of ecological dynamics, this paper does not deal
specifically with the social dimension of affordances (Rietveld & Kiverstein, 2014; Correia et
al., 2012). For a critical account of the concept of social affordances, see Baggs (2021).

> This is something that authors such as Clark (1995) stressed some time ago: “Culture
also acts as environmental constraints that shape movements. Although these constraints may
be more subtle than the physical ones, they are nonetheless ever-present surrounds to the
actor.” (p.175).
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TaBLE I
Constraints Considered In Different Studies.

Studies

Constraints

Newell (1986)

Newell (1996)

Davids, Button, and Bennett (2008)
Button, Seifert, Chow, Aratjo, and Davids (2021)

Brymer and Renshaw (2010).

Chow, Davids, Button, and Renshaw (2016)
Chow, Davids, Button, Shuttleworth, Renshaw, &
Aradjo (2007)

INTERNAL

Organismic: structural (body weight, height,
shape); functional (development of synaptic con-
nections).

EXTERNAL

Task: 1) goal;2) rules;3) implements or machines
Environment (not manipulated by the experi-
menter; ambient conditions for the task): gravity,
natural temperature, natural light.

Organismic: biochemical, neurological, morpho-
logical, biomechanical, etc.

Task: goal and rules.

Environment: ambient or global to action (gravity,
temperature) or local and focal to action (tools).

PHYSICAL (structural and functional)
Organismic: genes, height, weight, connective
strength of synapses, cognitions, motivations and
emotions, customary thought patterns, levels of
practice.

Task: goals, rules, implements or tools, surfaces,
ground areas, boundary markings (nets, line mark-
ings, posts).

Environmental: (1) global physical variables in na-
ture (ambient light, temperature, altitude, gravity.
(2) Social variables: family support, peer groups,
societal expectations, values, and cultural norms.
INFORMATIONAL

Energy flows (light, sound, pheromones, etc.).

Individual: factors related to the physical, psycho-
logical, cognitive, and emotional make-up, e.g.,
body-shape and size, fitness level, technical abil-
ities, anxiety, motivation.

Task: goals, conventions, equipment or imple-
ments

Environment: physical (gravity, altitude, weather
conditions, cold, light or terrain) and sociocultural
(peer groups and cultural expectations).

Performer: physical (height, weight, muscle-fat
ratio, connective strength of synapses in the brain,
genetic make-up, anthropometric and neuroana-
tomical characteristics); functional (cognitions,
motivations and emotions).

Task: rules of the game, equipment, boundary
playing areas and markings, nets and goals, num-
ber of players, information sources in specific per-
formance context.

Environmental: physical (ambient light, humidity,
altitude, temperature); sociocultural (family sup-
port networks, peer groups, societal expectations,
values, and cultural norms).
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certain traits of Brazilian street culture (capoeira, samba, street soccer) as
beneficial influential factors in the development of highly skilful soccer play-
ers. Vaughan et al. (2021) considered that current players’ intentions might
privilege interpersonal competition instead of collaboration as they have
been socialised in “sporting environments subject to neoliberal ideology and
rampant commodification.” (p.8). Taking into account that similar sociocul-
tural constraints can shape vastly different sociocultural practices depending
on the context, Sullivan et al. (2021) proposed the Learning in Development
Research Framework (LDRF). This framework serves: first to detect specific
sociocultural constraints that affect the sociocultural practices that emerge
and persist within a specific sports organisation; and second to propose in-
terventions to amplify or dampen specific sociocultural constraints that will
enhance the quality of athletes” development within the sports organisation.

As a way to study the far-reaching sociocultural and historical con-
straints, Button et al. (2021) advocated for the use of the bioecological model
of Bronfenbrenner (1995). The model conceptualises environment in terms
of four nested subsystems (microsystem: family; mesosystem: training facil-
ity; exosystem: demography; and macrosystem: national historical context)
occurring along a time scale with micro, meso and macro levels. Nonetheless,
as Button et al., (2021, p.108-109) claim, the bioecological model approach
is useful to investigate socio-cultural constraints on expertise development,
but not that much on skill acquisition. In fact, the bioecological model makes
sociocultural constraint something loose and vague, detached from the per-
formance, distantly related to the behaviour one can observe in athletes and
players in action. It fails to provide an adequate account of the multi-level
and nested organisation of constraints (Balagué, Pol, Torrents, Ric, & Hris-
tovski, 2019).

It is my claim that, until now, ecological dynamics have not addressed
the sociocultural dimension of the constraints model in an adequate manner.
The sociocultural dimension still lacks a coherent integration in the rationale
of the model. I suggest that a better conceptualisation of the socio-cultur-
al dimension is needed to generate a more coherent, cohesive model* that
would help to understand performance and skill acquisition and produce a
more insightful way to conduct empirical research. The following section dis-
cusses this and brings back the topic of decision-making within the enhanced
constraints model.

4 Surprisingly, the comprehensive constraints model advocated by Glazier (2017) to de-
velop a Grand Unified Theory for sports science lacks almost any reference to the social
dimension (sociocultural constraints are mentioned once in passing). The author does not
even consider the social sciences as a relevant subdiscipline for the theory (see Fig.3 in p.146).
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3. The Social Dimension Of The Constraints model

Consider yourself as a modern version of Robinson Crusoe. After the
wreckage, you have been cast onto an island, and you only have a cell phone
(no connection though) and a lighter. Apart from these sociotechnical devic-
es that you bring with you (some of them useless (the phone), and some of
them useful (the lighter) for the new situation), you seem to be out of your
social world and thrown into the unknown. All the expectations connected
to your social role (due to gender, age, class, colour of skin...) do not apply
here, even though you bring them with you. You have also certain skills that
may be useful (e.g., gardening, masonry) or not (e.g., programming, using
internet). The objects, your language, your skills, in a nutshell, what anthro-
pologist consider as culture, are part of the Social (with capital S) as a con-
stitutive order of the human world in which you lived and have brought with
you to the island.

After a while, you find some people on the island and start to interact
with them. Here, something new happens. It is what George Simmel (1977)
considered as society, consisting of “reciprocal actions” (actions that are mu-
tually influenced) between elements such as — but not only — human beings.
Basically, the kind of social (s) that dwells in the interaction order (Goffman,
1983). Thus, in this latter case we talk about the social (with lower case s) as
the interactive feature of the situation under analysis.

Most of the times, sports activities imply social (with lower case s) ac-
tions, but they always imply the Social (with capital S) in the constitutive
sense. In fact, the social (s) dimension of interaction orders (playing football,
basketball, distance running, etc.) always imply the Social (S) dimension of
constitutive expectations on how to interact in such social situations (Rawls,
2022).

In the constraints model so far, the social dimension has been included
in the environmental constraints without taking into account the difference
between social as constitutive (S) and social as the interactional feature of a
situation (s). For instance, peer pressure or pressure from the audience could
be considered as (s) but historical tradition of the country or culture of the
club could be considered as (S). I argue that social factors pertaining to (S)
should be considered as part of task and performer constraints and those
pertaining to (s) should be considered as part of environmental constraints.
But that is not all: the social dimension is also present in informational (S and
s), semiotic (S and s) and volitional constraints (S). The following sections
develop the social dimension of each of these constraints and propose an
enhanced, comprehensive model (Fig. 4).
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3.1 THE SociaL DIMENSION OF TaAsk CONSTRAINTS

As seen in Newell’s model, task constraints refer first and foremost to
rules and goals, explicit or/and implicit. In sport, three different sets of rules
can be identified: Rules of the game, ethics (fair-play) and praxical rules (San-
chez-Garcia & Fele, 2015), all of them affecting the goal directed activity
of the players, acting as boundary conditions of a social constitutive type
(S)°. Of the three, maybe praxical rules need to be explained a bit further.
Praxical rules can be identified with the principles of the game in the vein
expressed by Button et al. (2021, p.174):

Principles of play [praxical rules] represent a set of essential intentions that can contin-
uously guide player interaction during competitive performance and then find tactical
solutions for immediate events, transitions, and challenges that emerge (p. 174, square
brackets are mine)

Praxical rules represent an idealised set of reasonable actions in a con-
text of application. They do not state right or wrong from a logical stance or
some rational deduction (see Aratjo, Dicks & Davids 2019 on the critique
of such unbound normativity). Thus, praxical rules are not based on rational
models of optimisation, but on the accumulated knowledge about functional
solutions for the intended goals of the game.

Praxical rules can act as more or less explicit boundary conditions for
the intention-perception-action cycles affecting the behaviour of the player.
They are prescriptive, but they are not enforced by the referee. In this case,
they are informally enforced by other agents: the coach or/and team mem-
bers and/or the audience and/or mass media that will consider the actions
reasonable/not reasonable according to praxical rules and praise or criticise
the player for acting in a certain way in a certain situation. For instance, in
football it is not very reasonable to dribble in your defensive area, instead of
passing or clearing the ball. Thus, players feel deterred to act like this unless
the situation is desperate and demands it as an unconventional solution.

Nonetheless, apart from some kind of general principles of the game,
praxical rules can also include specificities due to a national/ethnic style of
play, plan/strategy of the game, playing system, etc.

The social dimension of task constraints also applies to: (1) tools and
equipment (rackets, bats, balls, etc...), and (2) settings: spatial configura-
tion referred to lines, nets, baskets, goals of different sorts, etc. These are
not just physical lines, surfaces or objects made of metal, plastic, wood that

> These boundary conditions offer constitutive expectations of a certain “form of life”
(Wittgenstein, 1953), being it playing handball, surfing, road cycling, etc.
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have some materiality. They are culturally laden, carrying social (S) meaning
bound to uses in the context of sports situations.

3.2 THE SociAL DIMENSION OF ENVIRONMENTAL CONSTRAINTS

The study of social (s) as the interactional feature of the situation should
be considered primarily within environmental constraints. Here I am not
only referring to the general emotional tone provoked for instance from a
loud crowd at home or abroad matches, which is clearly related to the phe-
nomenon of home advantage (Sanchez- Garcia & Garcia-de-Alcaraz, 2021).
Nor am I only referring to the kind of collective effervescence (Durkheim,
[1912] 2008) that people express with terms such as stoke (in skateboarding,
Wheaton, 2010) and kibadachi (in karate, Bar-On Cohen, 2009).

What I am referring to is the fact that people constitute true environ-
ments for each other (McDermott, 1976). The presence of others with whom
we interact during a situation has been investigated in ecological dynamics
applying the HKB model (Haken, Kelso, & Bunz, 1985). The HKB model
captures the dynamic stabilities of rhythmic intrapersonal, environmental,
and interpersonal coordination. Synchronicity of rhythmic movements acts
as an interactional (social) baseline for the performance behaviour. This is
true between partners (cooperative actions), as occurring between the rhyth-
mic limb movements of two interacting individuals (Schmidt, Carello &
Turvey, 1990), either intentionally or unintentionally (Schmidt & O’Brien,
1997; Richardson, Marsh, Isenhower, Goodman & Schmidt, 2007). But
it also holds between opponents (competitive actions): Shimizu & Okada
(2021) investigated the coordination of expert break dancers in battle scenes,
measuring their rthythmic movements. The results showed that the dancers’
rhythmic movements tended to synchronise in an anti-phase fashion.

Thus, (s) needs to be taken into account to understand in which environ-
ment the behaviour is taking place. Basically, the environment is not always
exclusively physical; it can include agents that cooperate (partners) or/and
compete (opponents) with us. Following Parlebas’s (2013) canonical classifica-
tion on physical activities as PAU (Fig. 3), we can enhance our understanding
of the environmental constraints, including in the same model the physical en-
vironmental constraints and the social (s) environmental constraints. Parlebas
produced a classification of physical activities in terms of motor actions. He
used criteria bound to uncertainty: due to interaction with Partners (P); due to
interaction with Adversaries (A) and due to the environment (U). Psycho-mo-
tor activities lack social interaction (lacking both P and A) and socio-motor
activities (presence of P and/or A) express social interaction (s).
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PAU

Socio-motor

Psycho-motor

Fig. 3 - Parlebas’s classification of physical activities in terms of motor actions. The cri-
teria used refer to uncertainty: due to interaction with Partners (P); due to interaction
with Adversaries (A) and due to the environment (U). The presence of — on top of cap-
ital letters indicates a lack of a given criterium. The bottom part of the figure expresses
psycho-motor activities (lacking both P and A) and the top part of the figure expresses
socio-moto activities (presence of P and/or A). Adapted from Parlebas (1981, 2013).

For instance, the kind of environment that subjects find engaging in out-
door extreme sports provides a high level of uncertainty due to continuous
weather-driven changes (U in Parlebas’s classification). Seifert, Orth, Button,
Brymer, and Davids (2017) provided an ecological dynamics analysis of rock and
ice climbing. In these activities, the unpredictability of the environment implied
that performance may be considered as an ongoing coadaptation of climbers’
behaviours to dynamically changing, interacting constraints. Nonetheless, if we
consider the pedagogical relationship of a coach/leader and learners in outdoor
activities, we would find a PU activity. In fact, this is how we could understand
Brymer and Renshaw’s (2010) statement: “From the constraints-led perspective
a leader is also considered an environmental constraint” (p.35).

3.3 THE SociAL DIMENSION OF PERFORMER® CONSTRAINTS

Task and environmental constraints are not the only places in the model
that the social dimension should be taken into account. Following Pierre Bour-

¢TI rather use performer (as in Chow et al., 2007, 2016) instead of organismic constraints
to remark the fact that the relationship of the subject is not only with a physical/biological
environment but with a social human-made world.
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dieu’s (1986) discussion on the three types of cultural capital’, we can find a
social dimension not only in its objectified state (tools, implements, lines, nets)
and its institutionalised state (rules, normativity) but in its embodied state: in
the performer’s habitus (Bourdieu, 1990), a dispositional structure that links
a performer’s unique capabilities to the ethnomethods (practical methods of a
particular community of members) in which she/he has been socialised®. The
performer’s habitus expresses the constitutive order of society within each of
us; the social (S) dimension of performer constraints.

Garfinkel’s (1967) notion of ethnomethods implies habitual patterns that
express an embodied and embedded understanding of the normativity of the
task at hand (Camus, 2009, p. 103) and constitute a truly embodied intention-
ality’. Ethnomethods in sports are the methods of competent players, so to say,
players that are familiar and fluent with the constitutive expectations of the
game. Of course, the reasonability and adequacy of their play depend on the
level of expertise and personal ability. The study of ethnomethods offers an
alternative empirical (ethnographic) research programme to the skilled inten-
tionality framework (van Dijk & Rietveld, 2017). In fact, the learning of certain
ethnomethods implies something similar to what Vaughan et al. (2021) express
within the Skilled Intentionality Framework: that during the process of athlete
development, certain aspects of culture and context become embodied as val-
ue-directness, constraining the player-environment intentionality.

The embodied and embedded sense of the game (as and of the ethno-
methods) refers to the knowledge of the game (instead of the knowledge
about the game, Vaughan et al., 2021, p.11). Such a sense of the game helps
to contextually discern not only what is possible and/or ethical from what is

7 “Cultural capital can exist in three forms: in the embodied state, i.e., in the form of
long-lasting dispositions of the mind and body; in the objectified state, in the form of cultural
goods (pictures, books, dictionaries, instruments, machines, etc.), which are the trace or reali-
sation of theories or critiques of these theories, problematics, etc.; and in the institutionalised
state, a form of objectification which must be set apart because, as will be seen in the case of
educational qualifications, it confers entirely original properties on the cultural capital which
it is presumed to guarantee.” (Bourdieu, 1986, p.17)

8 T refer to socialisation as the process of learning the ethnomethods in a context of
practice to become a competent member of a community. This praxeological understanding
of socialisation developed by Garfinkel was a reaction against Talcott Parsons’s view of socia-
lisation as a process on internalisation of social norms, values, and ideas, in which the subject
remained a passive agent. Garfinkel’s approach provides a much more active agency to the
learning of an embedded and embodied subject. A similar approach can be found in Tim
Ingold’s proposal of “enskilment” as opposed to passive enculturation (for an application of
enskilment to skill learning in sport see Woods et al., 2021).

°In this sense, ethnomethods express something similar to Merleau-Ponty’s [1945] (1963)
motor intentionality but placing special interest in the social dimension. See Heft (1989) for an
intentional analysis of Gibson’s affordances in relation to socio-cultural practices.
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not during the game (within the rules of the game and fair play). It also allows
the performer to contextually discern what is reasonable and not reasonable
during the game (within the praxical rules). To talk about ethnomethods
instead of other terms such as national or club culture helps us to bring back
the materiality, embeddedness and embodiedness of culture, and avoid con-
sidering the latter from a cognitivist assumption (culture as symbolic produc-
tions (science, arts, etc...) that is passed from mind to mind (inside the head).
The same way we tend to think about cognition and matter in psychological
terms (cognition as something ethereal inside the brain) we tend to think
about culture and social practices (culture as a kind of cognitive programme
that can be passed to following generations). Ethnomethods can include eth-
nic, national, or local habitual ways of doing things (so called national or
team’s styles of playing) respecting an embodied, embedded perspective.

Thus, performer constraints also include a social dimension within the
habitus, understood as dispositions expressing levels of expertise (level of
socialisation in ethnomethods). In a nutshell, levels of expertise imply levels
of embodied socialisation in ethnomethods carrying an implicit intentional
structure (a sense of the game), not in the cognitivist assumption of an inter-
nal set of rules but on the praxeological assumption of embodied/embedded
know-how (Sanchez-Garcia & Spencer, 2013). Different studies from an eco-
logical dynamics perspective (Chow, Davids, Hristovski, Aradjo, & Passos,
2011; Renshaw, Chow, Davids, & Hammond, 2010) show that specific situ-
ations afford a quite different and more limited array of action possibilities
for novices than experts. A progression in their level of expertise emerges as
a consequence of a history of interactions between learners and the environ-
ment; in a nutshell: a history of socialisation in the game, of learning and ac-
quiring the ethnomethods to play the game (Sdnchez-Garcia, Villaroya-Gil,
& Elrio-Ldpez, 2016).

Such different levels of expertise (novice, intermediate, expert) indicate
not only a different level of technical execution, but foremost a different
set of action capabilities and a different perceptual attunement: the process
of learning which sources of information to attend to in each situation and
when to attend to the relevant information (Jacobs & Michaels, 2007), Both
in the energy flow (variants and invariants) and also in the customary regu-
larities involving situation types (see the following sub-section on the social
dimension of informational constraints). This kind of embodied (direct, per-
ceptual) type of cognition is really different from saying that experts or nov-
ices compute a different set of (praxical) rules in their heads in order to de-
cide how to act. In the clear distinction made by Gibson (1966), experts get a
better knowledge of the environment (direct perception of affordances), not
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a better knowledge about the environment (indirect perception mediated by
symbols). As Button et al, 2021, p.73) express it: “To say that a basketball
player ‘knows’ what needs to be done in a match means that a highly skilled
player is perceptually attuned to events that convey information for achiev-
ing task goals at any instance of the game”.

4. The Social Dimension Of Informational Constraints

Gibson’s ([1979] 1986) theory of direct perception presents some prob-
lems regarding socio-cultural functional meaning. Even though Gibson ac-
knowledged the importance of value, not simply of the stimulus, for conceiv-
ing affordances and value can depend heavily on socio-cultural aspects, he
just provided a brief example of the social meaning in direct perception when
he spoke about a mailbox offering an affordance for posting letters to a let-
ter-writing human in a community with a postal system (Gibson, [1979] (1986,
p. 139). Nonetheless, he did not develop the matter further, leaving us with a
non-satisfactory account of the social dimension of informational constraints.

Chemero (2011) provides a solution for a theory of direct perception that
includes socio-cultural meaning. He uses situation semantics (Barwise & Perry,
1981, 1983) in which constraints play a key role. According to Chemero:

Constraints between situation types can hold in virtue of law-governed, causal connec-

tions, but they can also hold in virtue of customs, conventions, and other regularities.

So, a situation with smoke of a particular type can bear information about the existence

of fire by natural law, but it can also bear information about the decisions of tribal elders
by conventions governing the semantics of smoke signals. (Chemero, 2011, p.116)

Constraints that connect situations are not limited to law-like connec-
tions (e.g., invariants in the energy flow) but can also be cultural or con-
ventional, presenting customary regularities (Chemero, 2011, p.119). Thus,
customary regularities express a socially constituted (S) understanding of
the informationally mediated interactions (s) among players. For instance,
information of a certain action (a movement of the shoulder in boxing; situ-
ation A) can specify a subsequent action (an incoming jab; situation B). This
is something that cannot be specified just by the law-governed information
provided by the optical flow because there is nothing in the optical array
that connects a movement of the shoulder and a jab unless you are boxing,
and have directly identified those as boxing actions, not simple movements.
Barwise (1989) considered a progressive “attunement to constraints”, to the
relevant customary regularities, in the same way that Gibson talked about a
progressive attunement to relevant law-like information of the environment.
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Thus, returning to the previous sub-section of performer constraint, the
expert becomes better attuned not only to constraints in the energy flow (in-
variants) but also to customary constraints (regularities in the game involving
situation types) that help to select suitable affordances/actions. For instance,
an expert defender is better attuned to constraints of a certain movement
(situation A) as a feint or a ruse (situation B) on the attacker’s side, something
that cannot be specified just by the law-governed information provided by
the optical flow (tau invariant).

Talking about the interactive facet (s), the organization of information-
ally mediated concerted actions (both collaborative and competitive) among
players in socio-motor sports presents formal structures that are ordered and
intelligible (Garfinkel & Sacks, 2005). For instance, even though every drib-
bling sequence in football is different, they all display some publicly discern-
ible patterned order that made all of them recognisable as dribbling cases.

So far, the paper has presented the social dimension of the kind of con-
straints presented in the ecological dynamics model (Button et al., 2008;
2021): task, environmental, performer and informational constraints. None-
theless, this paper also proposes an enhanced, comprehensive constraints
model (see Fig. 4 in section 5) in which two more kinds of constraints can be
identified: semiotic and volitional constraints.

Both semiotic and volitional could be considered special cases of in-
formational constraints. In fact, semiotic refers to what Newell (Newell &
Valvano, 1998; Newell & Rangamathan, 2010) dubbed “augmented infor-
mation”; and volitional refers to (augmented) intention, being considered
by Kelso (1995) a kind of informational constraint. Nonetheless, the three of
them (informational, semiotic, volitional) express very different kinds of con-
straints, so it is more adequate to maintain different terms for each category.

The following sub-sections present semiotic and volitional constraints
and explore their social dimension.

4.1 Tue SociAL DIMENSION OF SEMIOTIC CONSTRAINTS

Humans do not dwell only in a physical-biological environment; they
dwell also in a material-semiotic human-made world. In the relationship be-
tween the environment and the human-made world we find semiotic con-
straints, including the kind of information that is based on human materiality
and signs (icons, indexes, and symbols) but does not imply a computation
between minds to make sense of the situation. Semiotic constraints are al-
ways present within human interaction, so their social dimension expresses
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(s), a feature of the situation. Signs are always embodied and embedded in a
situation. They are actively solicited, selected, and used by specific individu-
als (e.g., coaches) and addressed to other specific individuals (e.g., a particu-
lar athlete in a specific situation). Nonetheless, they do not contain any kind
of random information; they always imply some information about a specific
human activity, using signs bound to such an activity, referring to the consti-
tutive (S) sense of the social.

Semiotic constraints refer precisely to what Newell considered as “aug-
mented information”, an information not directly available for the execution
of the task (Newell & Valvano, 1998; Newell & Rangamathan, 2010). Aug-
mented information is the kind of information about that Gibson (1966)
differentiated from the information of the environment (this one affecting
informational constraints, see above). In a nutshell, semiotic constraints im-
ply indirect (semiotically mediated) information about the situation; a kind
of information that does not prescribe, in the sense of a motor programme,
but channels the use and exploitation of the information in the energy arrays
and customary regularities.

Newell and Rangamathan (2010) considered instructions as augmented
information and Newell and Valvano (1998) differentiated physical manip-
ulation from augmented information, binding the latter to vocal utterances.
From the point of view of semiotic constraints, there is no difference be-
tween physical manipulation and vocal utterances except from the percep-
tual system they are referring to. I consider both as augmented information
featuring different sensory modalities (Muntanyola-Saura & Sdnchez-Garcia,
2018) and both constitute semiotic constraints. Augmented information pro-
vides an intention for channelling perception/action, as in the case of explic-
it attentional and search strategies. It offers perceptual goals, and it entails
the education of attention. As Aratjo, Dicks and Davids (2019) express it:
“Intention plays a role by setting up a perceptual system to be sensitive to
information appropriate for a to-be-perceived property or to-be-undertaken
action. In other words, intention directs attention.” (p. 572).

Nonetheless, semiotic constraints do not only appear during learning in-
teractions. Augmented information also channels the behavioural dynamics
during game time. Instructions from coaches; calls, utterances, interjections,
signals, gestures from partners and/or opponents during a game provide ex-
plicit intentions affecting perceptions in a mediated, indirect way*.

10 The “cheat sheet” case of Lehman’s case presented at the beginning of the paper falls
into the category of augmented information; in this case with the aim of disturbing the inten-
ding-perceiving-acting cycle of the shooter to make him fail.
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4.2 THE SociAL DIMENSION OF VOLITIONAL CONSTRAINTS

In the middle ground between task and performer constraints we find voli-
tional constraints. Akin to augmented information, volitional constraints imply
augmented intention, coming explicitly from a socialised subject in relation to a
task. For instance, Bradshaw and Sparrow (2002) showed the variation of gait
during a run-up depending on target size and participants’ intentions: to make
a hard or a soft impact with the foot. The hard impact was similar to a long
jump approach and the soft impact to a case in which the subject approaches a
target by stopping forward progression and staying close to the boundary. Even
though it may seem that we are talking here only about autonomous subjects’
intentions, in such an experimental setting, the social was present in the re-
quired task-goal (to make a hard or soft landing) proposed by the researchers.

Volitional constraints are also present during a game situation: e.g., a tae-
kwondo athlete with a clear intention of scoring a point because the time is
running out is facing a very different situation than the same tackwondo athlete
at the beginning of the match. The former has the urge to score, his explicit
intention conditioning the whole intending-perceiving-acting for good or for
ill. As Button et al. (2021, p.75) remind us: “Intentions are not causes of action,
but specific constraints on action.” In this case, I talk about augmented inten-
tion because the subject explicitly adds something to the implicit intentional
structure of the ethnomethods that oftentimes allow the subjects to make deci-
sions without noticing (Whitagen, Aradjo & de Poel, 2017, p. 12)!%.

Even though informational and semiotic constraints feature a (s) dimen-
sion, I discarded it in the case of volitional constraints. Despite the fact that
intention is contextually and temporally situated, it is not publicly accountable.
Thus, I consider it lacks a social dimension from the interactive (s) perspective.
What is publicly accountable (interactively relevant) is the actions, the utteranc-
es, etc. (informational and semiotic constraints) that constitutes the interactive
features of the situation. During the game everything happens at the same time,
and we tend to infer a person’s intention from the actions performed. Nonethe-
less, this assumption is problematic, as exemplified in the case when the referee
must decide whether to sanction an action with an unsportsmanlike foul or not.

The notion of volitional constraints (augmented intention) addresses the topic
of agency as conceived by Whitagen et al. (2012, 2017). For these authors, agency
can be conceived of as the subject’s capacity to modulate the coupling strength

" There is no space to discuss here this kind of activity, sometimes labelled as unreflecti-
ve, unconscious, automatic as understood from a phenomenological perspective (Dreyfus,
2014). For a critical appraisal of such a Dreyfusian approach to skill see Hutto and Sanc-
hez-Garcia, 2015).
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with affordances, which can invite behaviour (Kiverstein, van Dijk & Rietveld,
2021). In this sense, “the agent can influence to what extent each invitation influ-
ences him or her.” (Whitagen et al., 2017, p.14). Nonetheless, the idea of volition-
al constraints restricts such a notion of agency to just another kind of constraint
(avoiding the consideration of the privileged interior of the individual over the
whole system) and it also includes a social dimension because the explicit personal
intentions belong not to an autonomous idealised subject, but to a (more or less)
socialised subject that is always in relation to a task. Thus, the social dimension of
volitional constraints implies (S): the constitutive order of the human world that
lies in the social within us (ethnomethods) and without us (task).

5. The Social Within The Enhanced Constraints Model

After presenting the different kinds of constraints and adding the social
dimension to the whole model, this sub-section includes a graphical repre-
sentation (Fig. 4) of the enhanced constraints model and discusses in more
depth the topic of agency in decision-making.

The model renders visible the myriad of interacting constraints channel-
ling the dynamic interaction between subject and environment, including the
human-made world.
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Fig. 4 - A model of constraints affecting the intending-perceiving-acting cycle within
subject-environment dynamics. The two instances of decision-making (selection of
affordance and selection of action) connected to the intending-perceiving-acting cy-
cle of a subject interacting with an environment affected by interacting constraints.
The social dimension of the different constraints is expressed by S (constitutive or-
der) and s (feature of interaction).
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We should be cautious not to consider agency as some kind of mediator
in the hands of the performer!? between the two instances of decision-mak-
ing: selection of affordances (perception) and selection of action (realisation)
(Aratjo et al., 2019, p.17). By doing so, we would run the risk of reintro-
ducing asymmetry (Davids & Aratjo 2010) in favour of the interior of the
subject, affecting to a greater extent the decision-making process as if an
autonomous subject were confronted with a myriad of possibilities for action
(affordances) to decide among them.

It is true that the selection of affordances occurs as an emergent dy-
namic process and could imply fleeting appearances of affordances that did
not emerge finally as selected (and realised in action), resulting in being
discarded. Nonetheless, this is not the consequence of a detached, auton-
omous deciding subject. Instead, some of the constraints that could affect
discarding such affordance for selection (and realisation in action) may be
a sudden flash of light (environmental constraint), fear (performer con-
straint), a conscious intention by a socialised subject in relation to the task
(volitional constraint) or the information for the next affordance (infor-
mational constraint) of the sequence towards achieving a final goal (task
constraint)®.

Thus, both the selection of affordances and the selection of actions
should be considered as two instances (perception and realisation) of the
emergent decision-process channelled through a whole constellation of in-
teracting constraints (Aratjo et al., 2019, p.16) within the interaction of the
subject-environment system altogether. As this paper has remarked along the
different sections, the social dimension of the different constraints plays a
key role for a subject that is immersed not only in a bio-physical but in a
material-semiotic human-made world.

12 As expressed in sentences such as: “affordances can be used, motivating an organism
to act, but they are not to be viewed as unique causes for behaviour because a person may not
act on a perceived affordance.” (Araujo et al., 2019, p.15)

 For instance, Esteves, de Oliveira and Aratjo (2011) studied 1v1 dribbling situations in
basketball and found that the exploitation of an initial affordance by attackers (body position
of the defender relative to the attacker) was followed by a second affordance (the space near
the basket) in order to achieve the final goal of scoring. Thus, the ongoing decision-making
(selection of affordances and actions) of the players implied three concatenated goals: dribble
past the defender-approach the basket-shoot to score. The sequence of selected affordances in
such a goal-directed activity implies an understanding of the perception of nested affordances
in multi-scale dynamics in which information for the next affordance plays a crucial role in the
selection of each affordance of the sequence (Aratjo et al., 2019, p.567).
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6. Concluding remarks

This paper has tried to implement a truly social dimension that was lack-
ing in the constraints model as used in ecological dynamics. By doing so, it
has offered a way to maintain the unit of analysis on the dynamic interac-
tion between subject and environment, conceiving the latter not only as a
bio-physical but also a human-made world. Moreover, it has done so avoid-
ing falling prey to cognitivist assumptions and respecting the ecological level
of analysis. Instead of taking socio-cultural constraints as some distant and
out-of-the-action factors (expressed in the umbrella term of culture), this
paper has brought the social — both constitutive (S) and interactive (s) — di-
mension of constraints right into the active engagement of a subject with an
(bio-physical-social) environment.

By doing so, the paper has provided an enhanced constraints model,
including two previously ignored kinds of constraints: volitional and semiot-
ic. Moreover, this enhanced model has developed further the understanding
of agency, not bound to the interior of a privileged subject, but distributed
among the whole constellation of interacting constraints affecting the dy-
namic subject-environment interaction.
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