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Abstract:

Football play is a dynamic process within a compact spatio-temporal framework. Such a dynamic process is hard to be
visualized using static maps. Comparing to the raw video recordings, the animations can track the movement of the
players to a bidimensional plane. 2D-plane football pitch map can better present the players’ position. Therefore,
an increasing number of football analysts are opting for animation method to assist the review of the game course
and prepare the tactics for the next game (Fernandez & Bornn, 2018). Several papers exploit the idea of generating
GIS-enhanced approaches in football analysis and visual analytics. The control area of the player can be modelled
using Voronoi diagram, while a larger proportion of the dominant region indicates better chances to win (Kim,
2004 & Fujimura, 2005). Duarte et al. (2013) analysed the performance of football teams based on general statistical
indicators of the team's convex hull. Andrienko et al. (2017) designed a novel interactive visual tool to quantify
defensive pressure in football. Integrating football animation together with the GIS toolset can result in an advanced and
intuitive medium that allows users to quickly perceive and understand the depicted phenomena (Farahani et al., 2020).

Within a compact spatio-temporal framework, football tactics (e.g., Counter-attack, Total Football, Catenaccio) are
hard to observe and analyse by raw animations. With GIS-enhanced animation, the understanding threshold of football
tactics will be decreased. Although GIS-enhanced animation brings more spatio-temporal information to football
analysis, the visual behaviours and its connection to football tactics understanding remains unclear. So far, studying
users' visual behaviour and its relation to cognitive processes utilizing eye-tracking methodology has been the interest of
many research efforts in spatial cognition over the years (Kiefer et al., 2017, Krassanakis et al., 2021). Recent
research on cognitive issues in football was focused on analysing the eye movements of football players in the video
recordings (Aksum et al., 2020 & Aksum et al., 2021 & Wirth et al., 2021). Therefore, how GIS-enhanced football
animations influence human visual cognition and support the different users’ group to understand football players'
group behaviour still need to be explored.

Given the above, in this work-in-progress paper, we explore how different user groups observe and interact several
GIS-enhanced animations, as well as understand the football tactics. First, the preliminary work has already been
completed, as shown in Figure 1 below (Liu, 2022). Several animations (e.g., Voronoi Diagram, Convex Hull) are
created in special tactics, based on Bokeh Plots from Python. Second, user study experiments will be performed to
clarify the relationship between users’ visual behaviours and their understanding. The participant's fixation sequence
and area of interest will be measured to compare by gazepoint eye tracker.

Specifically, the participants are selected from two groups — 1) experienced football players and fans, and 2)
unexperienced users. Before experiments, participants will fill out a questionnaire before to know about their
background and experience in football. And then, participants will observe and interact with the animations. Their eye
movement metrics during observing and interacting with the animations will be recorded and compared. The
software processor is OGAMA and Gazepoint Analysis software. After experiments, another questionnaire will
be filled to test their understanding of football tactics in the animations. The short-term recall of players’
movement will also be examined by conducting specific task. Finally, intergroup differences will be
summarized and concluded based on the eye-tracking metrics and the results of questionnaires.

This paper aims to evaluate the user's visual behaviour and understanding of several GIS-enhanced football animations.
It is hypothesized that experienced group can better capture what’s happening on the pitch and understand the game
withing a shorter time. Thus, their visual behaviour is worthy to record, compare, and anlayze to improve the visual
analysis ability of unexperienced group. The contribution is focused on clarifying the difference of visual behaviours
between user groups and exploring how GIS-enhanced animations improve their understanding.
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Figure 1. (a) Convex hull animation; (b) Voronoi diagram animation (Liu, 2022)
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