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and its potential practical application in examining team dynamics' coordination patterns collective sports.
AIM: Throughout their critique piece, we highlighted that game analysis, including the hyper network concept,
may help overcome the limitations of previous tools such as social network measures.

FINDINGS AND CONCLUSIONS: While the social network analysis generally considers only dyadic interactions
(e.g., between two players), the hyper networks also take into account a multidimensional perspective, including
both player level and team level communication and coordination. We also evidenced that new studies using
hyper network metrics are required in a range of team sports, mainly using data gathered from official

competition matches.

A central tenet of sports science research, and, more specifically, in performance
analysis, is to understand how players in team sports communicate among themselves in
order to attain shared performance goals (e.g., scoring a goal). Coordination and
communication represent two key processes that underpin successful performance
interactions of collaborating individuals during competitive team games.

Despite a clear differentiation of roles and functions within a sports team satisfying
task demands during competition requires from players the ability to undertake coordinated
and functional behaviours, through communicating and interacting dynamically,
interdependently, and adaptively to achieve common performance goals.! Conceptually,
like any collaborating groups, sports teams can be regarded as adaptive, co-evolutionary
networks,2 with bi-directional relations between system components, expressed at higher
complexity levels (micro-meso-macro relations) that are key for system functioning.®
Coordination of actions among team players during competition is determined by
information communicated effectively and efficiently to support networks of interactions
established between individual players or sub-groups.

Networks facilitate interactions which are key for system self-regulation and
organization as they enable effective and efficient coordination and communication
processes among the elements composing the system under varying circumstances (e.g.,
players rotating positions on field, emergence of team passing networks, covering space
together). To perform these collaborative tasks, players develop local interpersonal
synergies (often self-organising themselves (adjusting positions)) based on local rules
predicated on perception of information about interpersonal distances, approaching
velocities of teammates and opponents, ball location, and angles between teammates and
opponents, etc. To exemplify, players need this information to interact with their nearest
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teammates and/or opponents at a lower system level (micro-meso level - e.g., recovering
ball-possession through a tackle in the centre corridor of the field), to generate more global,
complex tactical and strategical patterns of team behaviour at a higher level (macro-level —
e.g., increasing interpersonal distances both in length and width to get the ball out of the
pressure zone).

Of fundamental importance is that the multilevel structure and dynamics
expressed at a lower level (e.g., individual player's dynamics) constrains and are
constrained by the dynamics of higher-levels (e.g., the dynamics of whole team behaviour).
Such interplay between dynamics of the individual players or sub-groups and the dynamics
of whole team behaviour (i.e., network topology or structure) comprise a paramount
feature of evolving networks inherently associated with successful performance. Evolving
networks signify that the network topology (e.g., the number and shape of players’ tactical
configurations — e.g., players arranged in a triangular formation on-field) changes as a
function of time, whilst dynamics of players also change in time. Thus, revealing the
patterns and nature of the properties underlying the dynamics and structure of networks is
fundamental for understanding player interactions, and understanding how tactical
formations and strategies can emerge during competitive performance.

Typically, these collaborative, dynamical processes have been analysed through
social network analytics that seek to shed light on system structural properties.
Nonetheless, an important weakness of the application of these tools is that they are
limited to analysis of binary relations (two-element interactions).>6 Recent advances in
technological tools have allowed the introduction of multilevel hypernetworks, a powerful
and sophisticated methodology capable of overcoming major limitations found in traditional
analyses.”

Hypernetworks extend the concept of hypergraphs to model interactions of a set of
elements (e.g., the players) that compose a given system (e.g., a football team). A
hypergraph consists of a generalisation of a graph (a structure composed by a set of
elements sharing some type of relation) in which an edge can connect any number of
nodes (e.g., n players linked through spatial proximity)."® Hypernetworks comprise a
natural multidimensional generalisation of networks and support representation of
simultaneous n-ary relations by simplices with n vertices (sub-groups of players in sports
teams).10

A simplex consists of a generalisation of the notion of a triangle to arbitrary
dimensions (e.g., 2-simplex (triangle); 3-simplex (tetrahedron)). In other words, a simplex
consists of specific game structures (e.g., 2vs.1). Moreover, a simplex can be represented
through a convex hull computation (the minimum convex area encompassing all players in
the simplex) and encloses the velocity of each player (vector velocity regarding the instant
t-1 and t), as well as the velocity of the geometric centre of the simplices’ (see Figure 1).

The hyperedges of simplices are calculated using a proximity criterion, applied to
each time frame of the match (i.e., by ascertaining the time evolution of simplices, that is:
transformations of simplices through movements of players within and between simplices).
Such a proximity criterion implicates that interactions between players, as well as sets of
these interactions (i.e., simplices), may be evaluated through calculating and recording
interpersonal distance values, such as spatial proximity and instant directional speed
variables.” These relational variables capture whether an interaction between players
occurs or not, and if a simplice can maintain its structure or not (i.e., disaggregated), when
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a player’s velocity is moving away from the other players. Examples of previous studies
using hypernetworks assessed interactions within and between simplices® and examined
the synchronisation tendencies emerging during competitive performance.?

Figure 1. Schematic representation of players’ simplices. Players composing the red team play from left to right,
while players from the blue team play from right to left. Simplices formation is based on geographical proximity
between players, with the arrows depicting players’ direction of displacement. The goalkeepers (29 - red team and
14 - blue team) are attached to their goals. There are four types of simplices, namely: 3 times 1vs.1 composed of
players 17 and 5, 18 and 6, 16 and 13 from the red and blue team, respectively. 2vs.0 composed of players 26 and
22 from the red team. 2vs.3 composed of players 28 and 24 from the red team, and players 12, 11 and 2 from the
blue team. 3vs.3 composed of players 23, 27 and 19 from the red team, and players 8, 9 and 15 from the blue team.

Overall, the assembly of vertices to make simplices are key for understanding
dynamical interactions between agents coordinating performance in multilevel systems
that underpin effective communication and coordination in sports teams. Regardless,
hypernetworks consist of a brand-new topic for sports sciences and more research is still
needed to reveal complex properties of teams during competition.
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