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Research Identification

Objectives

To evaluate the effectiveness of three geoprocessing tools (Nearest Distance calculation, Voronoi
diagram, and Convex Hull) for visualizing football tracking data.

To generate three geovisualizations based on open football tracking data using the geoprocessing
tools considered.

To design a user experiment to evaluate the effectiveness of the geovisualizations within football and
non-football knowledge users.

To find football data analysis parameters to link previous research with the effectiveness evaluation.

Research Questions

RQ1. How effective are geoprocessing tools on football understanding in users with football knowledge
and non-football knowledge?

RQ%. Which parameters of football data analysis can be considered to evaluate the three geoprocessing
tools?
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Overview

Visualizations enhanced with geoprocessing tools or Geovisualizations offer a powerful way to capture the dynamic nature of football games
through spatiotemporal analysis and visualization (Andrienko et al., 2021; Kotzbek & Kainz, 2014).

Post-match football analysts try to understand spatial point patterns during a game with the help of geoprocessing tools.
Researchers use tools such as Nearest Distance calculation, Voronoi diagram, and Convex Hull for data analysis rather than visualization.
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Nearest Distance Voronoi diagram Convex Hull
calculation
The tool considers the nearest distance The Voronoi diagram generates cells that The polygons are constructed based on
from each of the defending team players are considered dominant regions for each the outer players of each team; the
to the attacking team players and displays player. position of the ball is avoided for this
a dotted line from the defending team animation.

player to the nearest attacking player
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Methodology

Method Online Survey
Participants (n=109)
Materials 2x3 factorial design

e Factor #1: raw animation versus geoprocessing tool animation
e Factor #2: type of geovisualization: Nearest Distance, Voronoi, Convex Hull.

Task Evaluation questionnaire (close-end questions) based on football knowledge parameters to
evaluate the understanding football fundamentals.

Analysis Football knowledge parameters: Usability measures:
e Playing formation o Effectiveness: correct answers
o Attacker-defender distance
e Relative distance to intercept a shot
 Dominant region
e Distance between teammates
e Playing space
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Stimuli - Animations evaluated
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The football tracking dataset used for the animations is from Metrica Sports (https://github.com/metrica-sports/sample-data.git)
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Survey structure

Football Geovisualizations

Information and Informed Consent

Information
Hello! Thanks for opening the link 1o this survey.

| am Joel and currently doing my master's thesis research about football geovisuslizations. |
am parn af the International MSc. an C@ﬂogfsonr af TUMunich, TUWien, TUDresdan and the
University of Twerze.

On this first page, you can have an overview of what is this survey about. Flease, take your time
1o read it and | will be thankful o you if you accept 1o mowve farward, If you have any guestions
do not hesitete 1o contact me ot joel salazer@rum.de

About the research

Geovisuslizations or GIS enhanced visuslizations, offer 8 powerful way to capture the dynamic
nature of football* games through spatiotemporal analysis and visualization, enhancing the
perception and understanding of football, also known 8s soccer,

Informed Consent”™

Statement by the participant:

| have been invited 10 panticipste in this study about footoell snimations. | have read the
previous information. | agree that the data gethered might be published in a research paper.
| congent valuntarily 1o be a participant in this study.

“ O Page 1 of 1

Informed
consent

Demagraphic information

What gender do you identify as?*

Famale
Mals
Man.minary

Prafer net o say

Which category below includes your age?*

21.2%5

31.3%

£4.50

FE80

& eralaer

information

Demographic

Faga Zof 10

Football knowledge

How long does a foothall match taka?™

Which team won tha last FIFA World Cup?™

Frones

From the imaga abowva, what iz the linaup of the taams?™

Teem yellow &3-1.2 ond Teem =2l 4-2-3.1

Football
knowledge

Information
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rec b=am has possesion of the ball
direction af altack

Participant
Training

Evaluation: Animation 6

S~

What is the formation of the red team?*
4432 1342
| don't kniow
When does a team cover a larger area of the pitch?*
When the team is Attacking
‘When the team iz Defending

| don't kniowr

SUI::mi—-

Evaluation




Evaluation Questions

Evaluation section O

Q uestionnaire Football Parameters
‘ © What is the lineup or formation of the red team?

| | When the blue team has possession of the ball, how
Playing formation & © would you describe the positioning of the defenders
from the red team?

Literature Review

O Attacker-defender distance g ¢ What was the role of player #2 in the red team?
Low etal. 2021 | Relative distance to intercept a shot | Ideally, a defender should be positioned between the
Shay S odetra et al. 2022 o goal and the attacker. Based on your observations, the
aw and Glickman 2019 .
player #2 from the red team is:
Bauer et.al. 2022 o Dominant region Ps
Vilar et.al. 2012 o When does a team cover a larger area of the pitch?
Fonseca etal 2013 Distance between teammates | S Ir; I¥Vh2t situations do a team's players get close to each

other?

Moura 2012 © Playing space ¢, © When does a team cover a larger area of the pitch?
workflow ':) '.') '.'/\ >
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Pilot testing

Pilot test

Supervisor
TUDresden Writing center
Cartographer

Evaluation questionnaire
Training section
Grammar and clearness
Animations aesthetics

Pilot test

7 Cartography and Geomatic
master students

o

GIS enhanced Footba

Pilot Test

Parameters

Lack of context

Animations

When the blue team has possession of the ball, how would you describe
the positioning of the defenders from the red team?

| found all the questions and tasks easy to comprehend.

What was the role of player #2 in the red team?

Feel free to provide feedback to the statement above.

Ideally, a defender should be positioned between the goal and the
attacker. Based on your observations, the player #2 from the red team
is

The statements of the questions and tasks were unambiguous.

Statements

The training information provided sufficient context for me

‘to understand the tasks to solve.

Clearness

~—| found all the questions and tasks easy to comprehend.

The statements of the questions and tasks were unambiguous.

The training section included all the football terms used in

Wording

Animation
design
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‘the questionnaire.

| can clearly differentiate between the teams through the
selected colors for the animation.

| was able to easily identify the ball in the animation.

The animation speed was appropriate, allowing me to answer
the questions and solve the tasks effectively.



Results

Football knowledge participants
64% (n=70)

99%
96% Voronoi
Q3% 93% Relative distance
F---------I
90% 190% Playing space |
80Y% 0/.-8@ 70 Relative distance

~89% Dominant region

-84% Convex Hull
83% ~84% Distance teammates

I Attacker-defender 1|
57% distance |

Convex Hull

Nearest
Distance
calculation

The Nearest Distance calculation shows negative
effectiveness for visualizing a defender's relative
distance to intercept a shot.

The remaining parameters,
such as dominant region,
and the distance between

teammates, show variations in
results, either positive or

51% negative effectiveness, in each
of the groups.
[ |
raw geoprocessing
tool
Percent of correct answers
[___: Remarks parameters with positive effectiveness for both groups
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Non-Football knowledge participants
36% (n=39)

T

|90°/o Playing space I

S/%
85%
82% 82% Relative distance
79% Relative distance
o //% Dominant region
77% Distance teammates
r -----------
0 o, Attacker- defender|
/2% 172% distance I
69% voronoi
67% Convex Hull
62%

56% .’/or56% Nearest Distance I
54% e— TEEmEmEmEEETmEmEE

B Team Formation

L |
raw geoprocessing M Voronoi diagram

tool B Convex Hull

Percent of correct answers

Nearest Distance



Conclusion

RQ2. Which parameters of football data
analysis can be considered to evaluate the
three geoprocessing tools?

RQ1. How effective are geoprocessing tools on
football understanding in users with football
knowledge and non-football knowledge?

From the literature review, | selected six parameters that
researchers use for tactic analysis in football. Based on these
parameters, | evaluated the three geoprocessing tools.

Results show differences between knowledge groups when
viscllalizing football tracking data with different geoprocessing
tools.

Each geoprocessing tool analyzed proved effective for specific
football tactic parameters and a specific knowledge group.

When considering using a geoprocessing tool for visualizing
football data, it is necessary to consider the football tactic
parameter that aims to be shown.

Further implementations can explore a user interface to provide users with more interaction and pseudo-manipulation of

data.

These results close the gap between cartography and football data analysis and serve as a reference for further

cartographic visualization research.
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