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ABSTRACT

With the widespread adoption of Internet media broadcasting, sports events are no
longer confined to live venues. Football, the world’s largest sports event, attracts more
and more fans watching through digital platforms. The penalty shootout, a crucial and
intense moment in football, raises the question of how the presentation of informa-
tion in broadcast interfaces affects viewer experience. This study contrasts groups
with and without added visualization information in simulated videos, evaluating
viewers’ perception quality, satisfaction, and re-viewing intentions. It was found that
most participants believed that additional visualization information helps in immers-
ing themselves into the match, increasing interest and viewership. Despite differences
in comprehension levels between high and low-experience individuals for the five
visualizations, both groups ranked player information as their top preference, followed
by penalty shootout data for both sides, shot ball speed, tactical board, and score
visualization. This study offers insights into the future design of football broadcast
interfaces.
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INTRODUCTION

Sporting events have become ubiquitous and ever-growing in modern society
(Trail and James, 2001). Internet television broadcasting has allowed sports
enthusiasts and general audiences around the globe to cheer for their favorite
events collectively. According to a FIFA report (FIFA. 2018), the viewership
of 3.572 billion has surpassed half of the global population over four. In
2022, at least 3.262 billion people globally watched at least one minute of the
World Cup at home. Approximately 309.7 million viewers tuned in via digital
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platforms, and there was a 9.5% increase in the total audience watching in
public places like bars and restaurants.

The emergence of new sensing and image processing technologies
(Lin et al., 2023) has enabled the addition of visualization features, making
results more intuitive (Jin et al., 2023). In contemporary football broadcasts,
an increasing amount of statistical data, including scores and time, is dis-
played, facilitating quick access to real-time progress for sports and general
audiences, enhancing their understanding of the game and increasing their
engagement. According to Bilalić et al. (2011), viewers with higher experi-
ence have more background knowledge of the event, enabling them to grasp
information content in less viewing time and focus on more comprehensive
content, while low-experienced viewers tend to focus more directly on con-
tent of interest. However, current televised broadcasts have limited visual
data presentation, often not meeting audience experience needs (Lin et al.,
2023). Thus, enhancing augmented reality (AR) will change this dilemma,
and diverse visual presentations will help audiences understand data infor-
mation. The Second Spectrum technology is innovative in updating game
data in real-time through AR and visual effects used for game data display
(Goebert et al., 2022).

Sports visualization offers a novel approach to exploring, comprehend-
ing, and communicating sports data (Perin et al., 2018). Current broadcast
interfaces utilize various visualization enhancement elements. These include
match backgrounds featuring teams and leagues such as Arsenal against
Manchester United, UEFA Women’s Champions League, and the FIFA World
Cup. An investigation and analysis of the visualization interface content
reveals the inclusion of enhanced elements like Box-score, Tracking data, and
Enhanced graphics.

(1) Box-score-refers to data collected and presented in real time during a
game or event. This data can include match statistics such as the number
of shots, possession percentages, and foul counts. Typically gathered by
data analysis firms or broadcasting companies, these statistics are made
available to viewers and analysts as the game progresses. This real-time
data provision helps audiences better understand the game’s current state
and the teams’ performance (Lo et al., 2022).

(2) Tracking data-involves real-time analysis using Hawk-Eye cameras and
panoramic video systems, providing detailed player information (Deepa
et al., 2021). This data includes insights into players’ movement paths,
running speeds, and passing behaviors, among other metrics (Perin et al.,
2018). Such data is valuable for analyzing player performance, assessing
technical skills, and evaluating tactical applications.

(3) Enhanced graphics-involve the addition of graphic elements, text, and
icons to enhance visual effects and provide additional information (Goe-
bert et al., 2022). This includes special visual effects such as slow-motion
replays, angle views, and full-field panoramas, offering more detailed
and engaging visual presentations (Xue et al., 2017). Predictive paths,
created by adding special effects to athletes’ images to illustrate projected
movement trajectories, offer viewers enhanced visual information and
understanding.
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The study focuses on the Penalty shootout in football matches, a crucial
moment that is often decisive for the outcome. Unlike the dynamic nature
of regular gameplay, penalty shootouts have a clear and consistent struc-
ture each time they occur (Avugos et al., 2020). This study analyzes football
broadcast interfaces, examining viewers’ engagement when watching penalty
shootouts through broadcasting platforms. By utilizing experimental videos
and post-viewing questionnaires, it investigates the impact of information
on viewers and validates their preferences and understanding of visualiza-
tion information. This research provides insights for future design in sports
broadcasting media, aiming to enhance audience immersion in the sports
experience.

METHODS

Participants for the experiment were randomly recruited online, and they
completed a questionnaire providing basic information and their football
viewing experience. A total of 224 questionnaires were collected, with 217
being valid. The study aimed to investigate variations in the perceptions
of viewers with different levels of football experience when watching sim-
ulated videos. Therefore, participants were selected based on the top and
bottom 27% of football experience, leading to 36 participants aged 18 to 65
for the experiment. This included 18 high-experience viewers (M = 24.40,
SD = 5.11) and 18 low-experience viewers (M = 66.62, SD = 8.37). An
independent sample t-test revealed significant differences between high and
low-experience viewers (p = 0.000).

The experimental procedure included: (1) Participants watched a con-
text simulation video, initially viewing a traditional non-visualization video
followed by three videos (labeled ABC) in random order; (2) Participants
completed a scale (Lee et al., 2016) assessing perception quality, satisfac-
tion, and re-viewing intention for interfaces with and without visualization
information, to understand their thoughts and feelings about the addition
of visualization elements; (3) Task-based responses were collected for videos
ABC, followed by semi-structured interviews to gauge participants’ views on
the visualization elements; (4) A five-point Likert scale was used to eval-
uate the participants’ comprehension and preference for the visualization
elements.

The background for the experimental simulation videos was extracted
from a quarter-final match between the Netherlands and Argentina during
the 2022 FIFA World Cup. This experiment primarily focused on enhanced
elements. The control group viewed the footage without any added visual-
ization information, whereas the experimental group was presented with five
different types of visualization enhancements in three different scenario simu-
lation videos (ABC). These enhancements included data on penalty shootouts
for both sides, tactical board, shot ball speed, player information, and score
visualization.
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Figure 1: A. Enhanced box-score elements (A1. Penalty shootout data for both sides).

Figure 2: B. Enhanced Tracking data. (B1. Tactical board; B2. Shot ball speed).

Figure 3: C. Enhanced Graphics. (C1. Player information; C2. Score visualization).

RESULTS AND DISCUSSION

The study findings revealed varied perceptions and opinions among view-
ers with different experience levels regarding the existing football broadcast
interfaces and visualization information. These findings can be summarized
as follows:
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Results of the Scale for Perceived Quality, Satisfaction, and
Re-viewing Intentions

This study involved three sets of scales, each comprising 12 items, evalu-
ated using a 7-point Likert-type response (7 = strongly agree, 1 = strongly
disagree). The experimental results indicated that, in the scales measuring
perceived quality, satisfaction, and re-viewing intentions, participants with
more experience in football viewing scored higher than low-experience view-
ers. This difference is attributed to the higher sensitivity and expectations
of more experienced viewers towards football. Independent sample T-test
results showed significant differences in perceived quality between the high
and low-experience groups (p = 0.045). However, no significant differences
were found in satisfaction (p= 0.959) and Re-viewing intentions (p= 0.104).

Table 1. The scale for perceived quality, satisfaction, and re-viewing intentions.

High-experience Low-experience Average t p

Perceived Quality 5.57 4.85 5.21 −2.083 0.045*
Satisfaction 5.59 5.57 5.58 −0.52 0.959
Re-viewing Intentions 5.59 5.54 5.70 −1.669 0104

* p <.05. ** p <.01. *** p <.001.

Task Performance

Our findings revealed that in Task A1, both high-experience and low-
experience had similar impressions of the imagery (accuracy rate = 61%).
However, 44% of the low-experience needed to fully comprehend its mean-
ing, mainly due to their limited understanding of football competitions. In
Task B1, 91% of participants reported that they discerned the movement
direction of players from the video, not from the visualization information,
indicating that the video content alone was sufficient for understanding the
match at this stage. Despite not understanding the visualization information,
task B2 revealed that 22% of participants could still guess it represented a
speed unit. In Task C1, it was observed that participants with high experience
in football had a significantly higher accuracy rate than those with low expe-
rience, owing to their existing knowledge and familiarity with football rather
than the visualization information. However, for low-experience viewers, the
visualization information played a significant role.

According to the responses from participants, 91.7% of experienced-level
viewers believe that visualization information helped them better understand
the progress of the match. Additionally, 75% expressed an increased interest
in continuing to watch football broadcasts due to the presence of visualiza-
tion information. Some participants noted that visualization added to the
tension and immersion, stating that they would not specifically watch a match
for the visualization but would avoid watching if it were absent. After view-
ing the scenario interfaces, 97% preferred interfaces with visualization over
traditional non-visualization interfaces. Experienced viewers mentioned that
visualization helps explain things to low-experienced viewers, making details
more explicit and emphasizing the importance of understanding the data
behind each play in football.
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Table 2. Task correct rate.

Task High-
experience

Low-
experience

A1 Mapping the Placement of Argentina’s Penalty
Kicks

61% 61%

B1 Mapping the Positions of Kickers, Goalkeepers,
and Ball Trajectories

83% 56%

B2 What is the shot ball speed? 56% 56%
Do you understand the unit of shot ball speed? 78% 39%

C1 Who is the goal scorer? 100% 78%
The jersey number of the goal scorer? 89% 44%
Nationality of the goal scorer? 100% 67%

C2 Have you seen the C2 visualization? 94% 94%
Frequency of visualization effects in broadcast? 67% 78%

Evaluation of Five Visualization Information Elements

The 36 participants collectively provided 315 comments on five visualiza-
tion elements during the experiment. These comments were categorized into
positive and negative feedback and individual content syntheses.

(1) A1 Penalty Shootout For Both Sides Visualization
There were 79 evaluations, with 71% being positive reviews. Participants

believed this element significantly enhanced the viewing experience and con-
tributed to a greater sense of anticipation and speculation about the game,
irrespective of their experience level. In the remaining 29% of the evalua-
tions, confusion was mainly attributed to a need for more understanding of
the information.

(2) B1 Tactical Board Visualization
There were 52 relevant evaluations for this element, with 38% being posi-

tive reviews. Participants felt that the visual representation of positions added
a more intuitive sense of movement and enhanced memory. However, 52%
expressed that they could already clearly understand the movement posi-
tions in penalty shootouts without the need for this repeated presentation.
Meanwhile, 10% believed that it did not provide any assistance.

(3) B2 Shot Ball Speed Visualization
There were 60 evaluations in total, with 53% being positive reviews.

Respondents appreciated the numerical quantification as it allowed for a
better understanding of the game information and increased engagement.
However, 47% expressed negative feedback, indicating that they found it
ineffective due to a lack of familiarity with speed units and numerical val-
ues. They wished for corresponding reference information to enhance the
effectiveness of receiving this element’s information.

(4) C1 Player Information Visualization
There were 41 evaluations in total, with 72% being positive reviews. The

majority of respondents considered this information to be essential. They
wanted to know and familiarize themselves with basic player information
on the field, including goalkeeper details. However, 28% gave negative feed-
back, primarily due to their lack of familiarity with the information, such as
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an inability to identify flags and nationalities. From task-related questions, it
was observed that respondents’ correct answers were based on their existing
knowledge of players. Among the player information, jersey number informa-
tion had the highest error rate. Nevertheless, respondents still acknowledged
its importance.

(5) C2 Score Visualization
There were 67 evaluations, with 77% of respondents stating that they

could discern scoring information from the video and did not require this
visualization. They found it disruptive and preferred watching live audience
interactions during the game. The presentation style was also considered
gamified and more suitable for entertainment-focused video platforms.

Ranking of Comprehension and Preference

People with high and low experience rated the five visual elements, con-
sisting of the options “Strongly Understanding/Strongly Like” “Understand-
ing/Like,” “Neutral,” “ Misunderstanding/Dislike,” and “Strongly Misun-
derstanding/ Strongly Dislike” (5 = strongly understanding/strongly like,
1 = strongly misunderstanding/strongly dislike).

As indicated in Tables 3 and 4, it is evident that the level of understanding
differs from the level of preference. Both high and low-experience individuals
share the same preference ranking. In terms of overall preference ranking,
the results were consistent for both high and low-experience participants.
The rankings, in order, were C1 player information (4.61) and A1 penalty
shootout data for both sides (4.22), with participants indicating preferences
between “Strongly Agree” and “Agree.” Next, B2 shot ball speed (3.95), and
B1 tactical board (3.61) fell between “Agree” and “Neutral,” while C2 score
visualization (2.67) was situated between “Neutral” and “Disagree.”

Table 3. Comprehension ranking.

High-experience C2 4.94 B1 4.83 C1 4.83 A1 4.56 B2 4.28

Low-experience C2 4.94 C1 4.83 B1 4.72 B2 3.94 A1 3.83
Average C2 4.94 C1 4.83 B1 4.78 A1 4.20 B2 4.11

Table 4. Preference ranking.

High-experience C1 4.5 A1 4.44 B2 4.11 B1 3.78 C2 2.67

Low-experience C1 4.72 A1 4.00 B2 3.78 B1 3.44 C2 2.56
Average C1 4.61 A1 4.22 B2 3.95 B1 3.61 C2 2.62

CONCLUSION

This study investigated whether information presentation in penalty shootout
soccer broadcasts affects the viewers’ watching experience. The study find-
ings indicate that 97% of the participants expect a visualized information
interface. They believe that visualized information helps understand the state
of the competition and enhances entertainment value and immersion while
watching. However, not all visualized information is suitable for presentation
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in the interface. For example, the C2 score visualization element scored the
lowest in preference ranking, suggesting that participants are not very satis-
fied with the C2 information’s content and presentation format. We observed
the following:

(1) According to the perception scale, there were significant differences in
the perception levels between high and low-experience viewers, with
high-experience viewers perceiving visual information more effectively.

(2) Despite differences in visualizations between high and low-experience
viewers, both groups showed the highest comprehension of score visu-
alization.

(3) Among the five visualizations surveyed, high and low-experience view-
ers displayed same preferences. The preference ranking was as follows:
player information, penalty shootout data for both sides, shot ball speed,
tactical board, and score visualization.

(4) Future interface optimizations should prioritize design improvements
based on preference levels. Perhaps timing or presentation format
enhancements can be made for the penalty shootout data for both sides
and the player information presentation. Experiment evaluations can
serve as a reference for subsequent improvements.
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