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Abstract

The objective of this research is to comprehend the opinions and emotions expressed by
football fans regarding Video Assistant Referee (VAR) technology through a Twitter dataset
collected using the snscrape Python library, consisting of 28,286 distinct English language
tweets from January 2018 to December 2022. Natural language processing techniques were
employed to preprocess the data, and two studies were conducted on the dataset. The first
study used TextBlob library for sentiment analysis and categorized the tweets into positive,
negative, or neutral to assess football fans' sentiment towards VAR over time. The second
study used LDA to identify the key topics related to VAR in football. The study found a shift
in sentiment from negative to neutral over time and identified various significant topics,
including VAR decision-making, implementation, and impact on the game. These findings
provide valuable insights into the perceptions and opinions of football fans towards VAR
technology, which can be useful for future research and decision-making concerning VAR in
football. The research highlights the importance of understanding the impact of technology
on decision-making and the potential consequences of over-reliance on technology in
football.

Keywords: Video assistant referee (var), sentiment analysis, latent Dirichlet allocation (Ida),
natural language processing (nlp), football fans
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Introduction

The Video Assistant Referee (VAR) technology was introduced in football (soccer) in 2018
4 with the primary objective of reducing errors made by referees during matches. VAR is a
sophisticated technology that helps referees make accurate decisions during a football match
by analysing video footage of critical incidents. The system uses high-definition cameras,
microphones, and software that can detect and flag any potential infringements, such as fouls,
offsides, and handballs. The technology has been designed to enhance the accuracy and
fairness of decision-making in football.”" Despite the implementation of VAR, debates and
controversies persist regarding its impact on the game and its effectiveness in reducing errors
and enhancing fairness in decision-making.?

To address these issues and gain a deeper understanding of the impact of VAR on
football, this study investigates people's opinions and emotions towards the use of Video
Assistant Referee technology in football matches.? Natural language processing and machine
learning techniques are employed to analyse a large corpus of football-related tweets from the
period between 2018 and 2022. The research aims to uncover how the introduction of VAR
has affected the sport, including changes in gameplay, fan reactions, and media coverage.

The study also aims to address the following two inquiries: First, how have the
dominant sentiments expressed by football fans towards Video Assistant Referee (VAR)
technology evolved over time? Second, what are the key themes and topics that emerge in
discussions related to Video Assistant Referee (VAR) technology in football?

Through the analysis of the data, the study sheds light on the impact of VAR on
football and provides insights into the perceptions of fans towards this technology. The
findings of this research will contribute to the ongoing debate about the use of VAR
technology in football games and inform future discussions about the implementation of
technological innovations in sports.

Methods
Data collection and pre-processing

In this study, we utilized the snscrape Python library,'® which is designed to extract
tweets from Twitter. Our data collection process specifically focused on Twitter, a widely
used social media platform with approximately 450 million active users in 2023. We
customized our code to extract tweets that included the terms "video assistant referee” or
"WVAR", resulting in a total of 28,286 distinct English language tweets. The data was collected
from January 2018 to December 2022, and we filtered out non-English tweets during the data
cleaning process.

The data was then subjected to pre-processing, which encompassed the application of
various natural language processing techniques. To achieve this, we removed various
elements from the data, including stop words, punctuation, numbers, and URLSs that were not
relevant to our research. Among these, stop words were given special attention because they
are words that appear frequently in language but do not contribute much to the meaning of a
sentence. These words, such as "a,” "an," and "the," are typically removed in data cleaning
because they do not carry much significance in the analysis.
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After removing extraneous elements from the data, we utilized two text pre-
processing methods, namely stemming and lemmatization, to normalize and standardize the
text for further analysis. The primary objective of employing these techniques was to ensure
consistency in our analysis and enhance the quality of our results by simplifying the data.
Stemming involves removing word suffixes to identify the base form of a word, while
lemmatization groups different word forms into their corresponding root words. By utilizing
these approaches, we succeeded in reducing the complexity of our data, leading to more
convenient analysis and meaningful insights. Ultimately, our application of stemming and
lemmatization facilitated the production of more precise and trustworthy outcomes, thereby
contributing to the overall credibility and validity of our research.

Research methodology
Study 1 Sentiment analysis

Sentiment analysis is the process of analysing data to reveal its sentiment score, which
can be applied to a specific phrase, sentence, or entire document. It is an automated method
that extracts and explores subjective judgments related to different aspects of an item or
entity.

The primary objective of the initial study is to gain an understanding of supporters'
emotional and opinionated responses toward VAR. This was accomplished through the
implementation of sentiment analysis, a methodology utilized to assess the sentiment score of
data after analysis, to comprehend the attitudes of fans towards VAR.

Sentiment analysis was performed using the TextBlob library, which assigned a
sentiment score to each tweet based on the polarity of its content.* It is a natural language
processing technique used to determine the overall sentiment of a piece of text. 3

The sentiment scores were then used to classify the tweets into three categories:
positive, negative, or neutral.’® By analysing the changes in the frequencies of these
categories over time, the study aimed to gain insights into how the sentiments of football fans
towards VAR technology have evolved since its introduction in 2018.

Study 2 Latent Dirichlet Allocation

he primary aim of the initial study is to comprehend the perspective of supporters
regarding VAR. However, a sentiment analysis investigation may not reveal the significant
factors or concerns that influence fans' viewpoints. Therefore, to gain insight into the
principal elements that drive fans to adopt a particular attitude, we conducted a second study.

The Latent Dirichlet Allocation (LDA) technique is used for topic modelling.*>*® In

the context of this study, LDA was employed to identify the key topics related to Video
Assistant Referee (VAR) technology in football. The process of topic modelling involves
analysing a large corpus of text data and identifying the main topics or themes that occur
within it.

To conduct LDA, the pre-processed tweets were first converted into a document-term
matrix, which represents the frequency of occurrence of each word in the tweets. The LDA
model was then trained on this matrix to identify the underlying topics within the text. The
number of topics to be identified was determined based on the coherence score of the
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model.’® Eventually, we manually categorize the topics based on the most frequent words that

emerge within them.*

Once the topics were identified, each tweet was assigned a probability score for each
topic. This allowed the researchers to determine which topics were most frequently discussed
in relation to VAR. Overall, LDA is a useful technique for analysing large volumes of text
data and identifying the key topics and themes within it. In the context of this study, it
provided valuable insights into the opinions and sentiments of football fans towards VAR
technology.

Results

Table 1. Sentiment analysis

Year Total Tweets  Neutral (%) Negative (%)  Positive (%0)
2018 8047 3999 (49.69) 1422 (17.67) 2626 (32.63)
2019 9773 4682 (47.90) 2282 (23.35) 2809 (28.74)
2020 4029 2085 (51.74) 856 (21.24) 1088 (27.01)
2021 3021 1465 (48.49) 672 (22.24) 884 (29.26)
2022 3416 1694 (49.59) 717 (20.98) 1005 (29.42)

Grand Total 28286 13925 5949 8412

Note: The sum indicated in the initial column represents the aggregate count of tweets for a given year.
Each value represents the proportion of positive, negative, and neutral tweets and also a percentage of the
overall count of positive, negative, and neutral tweets in the data frame across all the years. For instance,
in the year 2018, there were 3999 neutral tweets, which accounts for 49.69% of the entire number of
neutral tweets (n = 13925) collected throughout all the years in the data frame.

Study 1: Sentiment Analysis

his study investigated the changing sentiments of football fans towards the use of
Video Assistant Referee (VAR) technology in football matches. The study analysed a total of
28,286 tweets posted by football fans between 2018 and 2022, which provided a rich dataset
for exploring how the dominant attitudes of football fans towards VAR technology have
evolved over time.

The results of the study indicate that the overall sentiment towards VAR technology
has shifted towards the positive over time. In 2018, almost half of the tweets evaluated
(49.69%) were neutral towards VAR technology, with 17.67% expressing negative sentiment
and 32.63% expressing positive sentiment. However, as time progressed, the percentage of
neutral tweets decreased, while the percentage of positive tweets increased. By 2022, the
percentage of neutral tweets had reduced to 49.59%, while the percentage of positive tweets
had increased to 29.42%. These results suggest that more football fans have become
accepting of VAR technology over time.

Interestingly, the percentage of negative tweets remained relatively stable over the
years, with a slight decrease from 23.35% in 2019 to 20.98% in 2022. This finding indicates
that while some football fans are still sceptical about the use of VAR technology in football
matches, the overall sentiment towards the technology is gradually becoming more positive.
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Overall, the findings of the study suggest that the dominant attitudes of football fans
toward VAR technology have changed over time, with an increasing number of fans
expressing positive sentiments toward its use. The results have implications for football
organizations as they can help to inform decision-making about the continued use of VAR
technology in football matches. Additionally, the findings highlight the need for improved
communication strategies to increase public understanding of the technology. Table 1
provides the results of the sentiment analysis, while Figure 1 and Figure 2 present visual

representations of the analysis findings.

Graphical Visualization of Table 1(a)
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Figure 1. The data from Table 1 is presented graphically in figure 1, which shows the total number
of tweets with positive, negative, and neutral sentiments for each year over the course of five
years. For instance, the yellow line in the graph indicates the number of tweets with negative
sentiments and how it changes over the five-year period. As shown in the graph, the year 2018 had
a total of 1422 tweets with negative sentiments.

Graphical Visualization of Table 1 (b)

60
51.74 o =
49.69 47.9 ® 48.49 19.59
50
© o o ®
40
o 32.63
Eﬂ @) 28.74 27.01 29.26 29.42
§30 ol . P o @=— Neutral %
o 2559 9 22.24
a ®- 2124 ‘ 20.98 =@ Negative %
17.67 O —— e
20 ® © @== Positive %
@
10
0
2018 2019 2020 2021 2022
Years

Eur. Chem. Bull. 2023, 12(Special Issue 4), 5352 -5362

5356



Unveiling the Sentiments and Opinions of Football Fans towards Video Assistant Referee (VAR) Technology: A
Natural Language Processing Analysis

Section A-Research paper

Figure 2 The data from Table 1 is presented graphically in figure 2, which shows the percentage
of tweets with positive, negative, and neutral sentiments for each year over the course of five
years. The graph shows that in the year 2021, there were 51.74% of all tweets recorded, and these
tweets had neutral sentiments throughout the five-year period covered by the data frame.

Study 2: Topic modelling

Latent Dirichlet Allocation Topic Modelling

Although sentiment analysis provides valuable information about how fans perceive
the Video Assistant Referee (VAR) and its impact, it is not enough to fully explain the factors
that shape their attitudes. To gain a deeper understanding of the concerns expressed by
spectators about VAR and its effects, we conducted the additional analysis using a technique
called Latent Dirichlet Allocation (LDA) topic modelling. This allowed us to explore
negative sentiment tweets related to VAR and identify underlying themes that contribute to
fans' negative attitudes toward the technology. By using LDA, we were able to gain a more
comprehensive understanding of the factors that shape fans' opinions about VAR. The
findings of this study are presented in Table 2.

Table 2. Latent Dirichlet Allocation Topic Modelling

Topic Top Words
Video assistant referee (VAR) in sports Assistant, video, referee, var, league
Role of referee, assistant, and video
technology in a game Referee, assistant, video, var, game

Importance of video technology and referee
decisions in sports Assistant, referee, video, var, official

VAR and the use of video technology in

premier football leagues League, premiere, football, var, video
Impact of referee decisions on a match Match, Dean, penalty, Mike, united
Discussions

Study 1. How have the dominant sentiments expressed by football fans towards Video
Assistant Referee (VAR) technology evolved over time?

The introduction of Video Assistant Referee (VAR) technology in football has been a
topic of discussion and debate since its inception. The use of VAR has been introduced to
improve decision-making and reduce errors in refereeing decisions. However, the question
remains as to whether fans have embraced the technology or rejected it. To investigate this, a
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research article analysed the evolution of dominant sentiments expressed by football fans
towards VAR technology over time.

The research analysed a total of 28,286 tweets from 2018 to 2022 to determine the
changes in fan sentiments toward VAR. The study found that the overall sentiment toward
VAR has remained relatively consistent since its introduction in 2018. However, there have
been some changes in the specific sentiments expressed by fans over time.

In 2018, the majority of tweets (32.63%) were positive, while negative tweets
accounted for 17.67% of the total. The percentage of negative tweets increased to 23.35% in
2019, while positive tweets decreased slightly to 28.74%. In 2020, positive tweets decreased
further to 27.01%, while negative tweets decreased to 21.24%. In 2021, positive tweets
increased slightly to 29.26%, while negative tweets remained relatively stable at 22.24%.
Finally, in 2022, positive tweets remained the same, while negative tweets decreased to
20.98%.

The study suggests that fan sentiment towards VAR has been relatively mixed since
its introduction, with a balance between positive, negative, and neutral tweets. However, the
increase in negative tweets in 2019 indicates that fans may have encountered issues with the
technology, leading to dissatisfaction. The decrease in negative tweets in 2020 and 2021
suggests that improvements may have been made to the technology or that fans have become
more accepting of its use. The stability of the percentage of negative tweets in 2021 and 2022
suggests that fan sentiment towards VAR may be stabilizing.

The results also highlight the importance of monitoring fan sentiment towards
technology in football and its impact on the sport. Overall, the research article provides useful
insights into the evolution of dominant sentiments expressed by football fans towards VAR
technology over time.

Study 2: What are the key themes and topics that emerge in discussions related to Video
Assistant Referee (VAR) technology in football?

With the increasing use of technology in football, Video Assistant Referee (VAR) has
become a highly debated topic in recent years.”?®?? This research article aims to provide a
comprehensive understanding of the key themes and topics that emerge in discussions related
to VAR technology in football, using the Latent Dirichlet Allocation (LDA) topic modelling
technique.?%*

The first identified topic centres on the use of VAR technology in sports, with a
particular emphasis on the roles of assistants and referees in implementing and utilizing the
technology.” The second topic recognized by the LDA output revolves around the roles of
referees, assistants, and video technology in football games. This topic highlights the
potential impact of technology on decision-making during games.’

The third determined topic appears to be similar to the first topic, but with a greater
focus on the importance of video technology and the role of referees as officials.?® This topic
suggests that discussions often centre around the effectiveness of VAR technology in
improving decision-making accuracy and the role of referees as key decision-makers. The
fourth revealed topic specifically focuses on the use of VAR technology in premier football
leagues.” This topic suggests that the implementation and use of VAR technology may differ
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across various leagues and that there may be different opinions regarding its effectiveness.
The fifth and final topic pinpointed by the LDA output centres around the impact of referee
decisions on a match. This topic includes specific references to individual referee such as
Mike Dean®’ and highlights the potential influence that these officials may have on the
outcome of a game.

The common thread that emerges across these topics is the impact of VAR technology
on decision-making and its effectiveness in enhancing the accuracy of referee decisions.
While the use of VAR technology has been introduced in multiple leagues, there are differing
opinions on its impact and effectiveness.”® Discussions may centre around the effectiveness
of VAR technology in different leagues and how it affects competition. There are also
concerns about over-reliance on technology and how it affects the flow and nature of the
game.

Another important theme that emerges is the importance of referee decisions and the
potential impact on the outcome of a match. This is especially true when it comes to
controversial penalty decisions, which can greatly affect the course of a game. Discussions
may focus on how technology can aid in decision-making, but also how it affects the flow
and nature of the game itself.

These findings provide valuable insights into the key themes and topics that emerge in
discussions related to VAR technology in football. It highlights the importance of
understanding the impact of technology on decision-making and the potential consequences
of over-reliance on technology in football.

Conclusion

The two studies provide valuable insights regarding the perceptions and discussions
surrounding Video Assistant Referee (VAR) technology in football. Study 1 found that the
overall sentiment towards VAR has remained mixed since its introduction, but there have
been changes in specific sentiments expressed by fans over time. The increase in negative
tweets in 2019 suggests that fans may have encountered issues with the technology, but the
decrease in negative tweets in 2020 and 2021 suggests improvements may have been made,
or fans have become more accepting of its use. The stability of negative tweets in 2021 and
2022 suggests that fan sentiment towards VAR may be stabilizing. Study 2 identified key
themes and topics that emerge in discussions related to VAR technology in football. The
common thread across these topics is the impact of VAR technology on decision-making and
its effectiveness in enhancing the accuracy of referee decisions. The study highlights the
importance of understanding the impact of technology on decision-making and the potential
consequences of over-reliance on technology in football.

Future recommendations

Based on these studies, it is recommended that football authorities and stakeholders
continue to monitor fan sentiment toward VAR technology and use the feedback to improve
the technology and its implementation. It is important to address issues and concerns raised
by fans to improve their overall experience with VAR. Additionally, football authorities
should ensure that the use of VAR technology does not negatively impact the flow and nature
of the game.
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Further research needs to be conducted to understand the impact of VAR technology
on the competitiveness of different leagues and teams. It would also be valuable to explore
the impact of VAR technology on the performance and decision-making of referees and
assistants. Overall, VAR technology is a valuable tool in improving decision-making and
reducing errors in refereeing decisions. However, it is important to ensure that its
implementation and use do not negatively impact the sport or the fan experience.
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