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Abstract

This thesis examined a constant problem in Esports in which players do not perform to
their expected potential when under stress (also known as choking). The Esports scene is
growing exponentially, with teams valued at hundreds of millions of US dollars and average
salaries for professional Esports players around $62,500 annually. League of Legends (LOL)
is the most popular, viewed game in Esports, peaking at 4.1 million concurrent viewers and
664,100,000 hours watched in 2021. Additionally, the average LOL professional player’s
salary is $350,000, which is significantly higher than the average salary in Esports. The LOL
salaries and team’s values are still growing, and thus sustaining and improving LOL players’
performance are essential to protecting investments and minimizing risks. This work,
therefore, aims to investigate the existing literature on Esports performance indicators, the
causes and potential interventions for choking in Esports, and to understand the literature gap
that may prevent this study from solving the related problems that exist in Esports, using LOL
as an example.

In the literature, training under stress is a well-known choking intervention that has
worked in other domains (e.g., traditional sports and the military). When applied to Esports,
this technique is used to attempt to familiarize a person with the stressful conditions they will
encounter during a big-stage competition by training them under conditions that have physical
and social stressors similar to those present in the stage environment. This is done in the belief
that the more significant the differences between the stage and training environments, the
higher the chances a person may choke. However, designing such a training solution requires

knowledge of the stressors affecting Esports players, and additionally, a game activity (an



activity that, if improved, will influence a game’s result) and its performance indicator are
required to assess the effectiveness of the intervention. The existing literature does not provide
enough information to determine the stressors (physical and social) causing choking in Esports,
nor does it provide a suitable activity and performance indicator for this study to test an
intervention. To this end, three studies were conducted to bridge the literature gap and tailor a
solution to choking in LOL Esports

Study 1 analyzed over 150 in-game variables, of which 14 were statistically significant
between the winning and losing teams. However, while most variables seemed to be associated
with wins, they were not seen as being causes of the wins. Creep scores per minute (CSPM)
was identified as a suitable task and performance indicator for the experiment in Study 3.
Finally, Study 1 produced and tested two new performance indexes that may have potential:
spending efficiency and champions’ damage utilization.

Study 2 allowed this thesis to, first, determine the stressors (physical and social)
affecting Esports players in order to tailor a suitable intervention, and second, understand in
great detail the current coaching methods and the challenges coaches face. Furthermore, Study
2 identified nine future research directions that LOL Esports coaches might benefit from.

The coaches In Study 2 expressed that Esports players are more sensitive to stress
training than players of traditional sports. For example, when they experimented with stress
training, it failed and led to burnout. However, this research argues that their interventions
failed because the training was not designed properly, as most of their interventions lacked one
or more of the intervention’s main elements, i.e., a social stressor, a physical stressor, and a

relative game activity, time to adapt, and performance measure. The coaches also added,

Vi



however, that focusing on training a player’s mechanical skills without stress improved their
performance under stress.

In Study 3, an experiment was designed to test a tailored intervention on an experiment
group (who trained under stress) and compare its effectiveness with the method the coaches
suggested for the control group (who trained without stress) over a period of five days. The
findings from Study 3 imply that training Esports players’ mechanical skills without stress may
improve their performance under stress by a small amount, but also, and in comparison,
training under stress improved the experiment group’s performance under actual game stress
by more than five times relative to the control group. Moreover, the participants in the
experiment group initially showed signs of burnout as their performance declined on Day 2,
but then they recovered on Day 3 onwards; this pattern suggests that such training requires
time to show its benefits.

Finally, this thesis provides some of the missing details in the literature, enabling future
researchers to identify the current state and the pain points to generate solutions suitable for
Esports players, coaches, and teams. This study explains choking interventions in such a way
that can guide a coach to tailor a solution suitable for their choking triggers (a physical and

social stressor).

Keywords: Esports, professional Esports, League of Legends, choking, performance

measures, coaching, stress, training under stress.
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Chapter 1: Human Factors in Esports

1.1 Introduction

Competitive and organized video games, also known as Esports, have been rapidly
growing for several years and are projected to become a $1.5 billion market by 2023 (Christina,
2020). The majority of games in the Esports genre are fighting games, real-time strategy (RTS),
first-person shooters (FPS), and Multiplayer Online Battle Arena (MOBA) games, with
MOBA being the largest Esports scene (Amin, 2020; Gabriel, 2020). League of Legends
(LOL), a MOBA game, is one of the most popular games in the latter genre (Newzoo, 2019).
According to Statista, the 2018 League of Legends Championship Finals had 99.6 million
viewers (Statista, 2018a), which was significantly higher than the NBA Finals that year, which
averaged 17.7 million viewers (Statista, 2018b), and very close to the 2018 Super Bowl game,
which had an estimated 103 million viewers (CBS NEWS, 2018). Esports tournaments are
played in traditional sports arena/stadiums that can host tens of thousands of fans, in which the
players’ setup is in the center of the arena with large screens overhead for the fans to watch, as
seen in Figure 1.1. This photo was taken by Bader Sabtan, the author of this thesis, in 2019 in
Detroit, Michigan, at Little Caesars Arena (22,000-person capacity), which hosted the North
American summer LOL playoff semi-finals and finals that year. However, LOL tournaments
had been taking place in large stadiums long before that. In 2013, tickets for the LOL finals,

hosted at Los Angeles’s Staples Center that year, sold out in an hour (Tassi, 2013).



Figure 1.1: North America League of Legends Semi-finals 2019, Little Caesars Arena, Detroit,
Michigan (Taken by the Author)

In 2020, during the COVID-19 pandemic, LOL Esports tournaments were not canceled
because unlike traditional sports, there is no need for players to be in close proximity to each
other (Emily, 2020a). In fact, the number of Esports leagues has increased during the
pandemic. For example, Ontario Post-Secondary Esports, which is a new Esports league
located in Ontario, Canada, launched in fall 2020 (Matthew, 2020).

An increasing number of universities are also starting to accept Esports gaming as a
sport, and some are now offering scholarships for Esports players (K. McGrath, 2019). Robert
Morris University (RMU) was the first university to recognize Esports as a varsity sport in its
Athletics Department, offering scholarships to Esports players in 2014 (RMU, 2014), and there

are many other universities now offering Esports scholarships to students, such as the



University of California-Berkeley (matthew, 2018), University of Utah (Chang, 2018;
Utah.edu, 2017), and Western Kentucky University (WKU, 2016). Some Ilvy League
universities have fielded their own teams to intercollegiate and intramural gaming
competitions, such as the Harvard College Esports Association (Harvard, 2020), University of
Pennsylvania eSports Association (Penn Clubs, 2011), and Columbia University eSports
(Columbia Esports, 2020).

This growth in popularity has attracted investors, that include billionaires and
celebrities, such as Mark Cuban (Lingle, 2015), Michael Jordan (NBA Staff, 2018), Shaquille
O’Neal (Bob, 2016), Ashton Kutcher (Jr, 2018), and Jennifer Lopez (Mike, 2017). Moreover,
traditional sports fans have an average of over 40, while the average age of an Esports fan
averages around 29 years old. As a result, hundreds of traditional sports clubs began to partner
with Esports teams to attract younger audiences, such as golden state warriors, FC Barcelona,
and Paris Saint-Germain Football Club (Scholz et al., 2021).

The growing popularity and increased numbers of investors caused the value of
Esports teams to boom. For example, Cloud9, an Esports team participating in LOL and other
games, was valued at $400 million USD in 2019 (Settimi, 2019). Additionally, the average
salary of professional players in North America was $410,000 in 2020 (Kai, 2020). With such
growth and accompanying huge investments, the need to protect such investments and ensure
the quality and performance of players is becoming increasingly important. The dollar values
of teams and players are extremely volatile, as the Esports scene is in its early stage. In addition,

there have been many cases in which players and teams have not performed to their expected
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potentials under stress, which is known in traditional and Esports as “choking”. Such a
phenomenon is usually triggered by a social stressor and a physical stressor, which will be
explained within two choking theories in the literature section.

The author of this Thesis is a League of Legends player who was rated in the top 1%
of players in solo queue games in 2019 and 2017, and has a total of 8 years of experience
playing the game. Additionally, he has a close relationship with several of the coaches and
players in professional LOL Esports, which puts him in a unique position to understand the

game, identify the scene's needs, and to bridge the gap between Esports and the academic field.

1.2 Research Problem

As the Esports industry continues to grow, the need to assess the performance of teams
and individual players is increasing. Teams are constantly in pursuit of the best players in the
world in order to win international tournaments; however, there is no accurate metric or best
practice to quantitively assess and analyze a player’s performance, making it hard for teams to
find new talent. To this end, a statistical analysis was conducted (Study 1) on LOL game data
to find a key performance indicator (KP1) for players. This game data allows analysts to access
a raw match and tournament information through an application programming interface (API),
and the LOL API provides access to over 150 in-game variables. Study 1 focused on finding a
KPI to help teams evaluate players, and also to enable follow-up studies to identify if a

proposed intervention solved an existing problem (e.g., choking).



Due to stress, Esports players sometimes do not perform to their expected potential on

big stages (Ouellette, 2019; ScienceDaily, 2019; Starkey, 2020), and so in order to investigate

this phenomenon, we first looked into the literature. This phenomenon occurs every year and

in almost every LOL Esports region around the world (Beres et al., 2021; Nicole et al., 2021;

John, 2022; josh, 2019). Research on the stressors that causing Esports players to choke is

limited and is not enough for this study to draw conclusions or generate solutions. Additionally,

there is limited existing research showing how players are trained and coached. Most of the

coaching information can be found on Esports news websites and blogs, as well as from

interviews on YouTube and from individual journalists. As a result, an interview study was

conducted (Study 2) in which we contacted all 47 coaches in the major regions, of whom six

accepted to participate in this study to gain a deeper understanding of the current state of

coaching, why players choke under stress, and the main stressors affecting a player’s

performance. , of whom six accepted to participate in this study.

The findings from Study 1 showed
that coaches currently distance their
professional players from public opinions
and social media in order to avoid burnout
and choking. As a result, my hypothesis is
that players do not develop tolerance to
such stressors, leading to them choking on

big stages, and especially in tournament
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Figure 1.2: Yerkes Dodson Curve
(Reconstructed by the author)




final games in which the winner of the tournament cup is decided. Esports coaches believe that
improving a player’s skills will increase their confidence, which would in turn enhance their
tolerance to social stress on stage. However, this study argues that both training a player’s
skills and exposing them to social stress may significantly improve their tolerance. Studies
have shown that training under stress improves performance under stress and might prevent
choking in traditional sports (Alder et al., 2016, 2019; Hadnett, 2015; R. R. D. Oudejans &
Pijpers, 2010). However, coaches expressed that Esports players might be different from
players of traditional sports because they are used to playing from the comfort of their rooms
and do not socialize as often as traditional sports players.

Additionally, there are no existing studies showing whether practicing under pressure
will help Esports players actually perform better when under stress. We will use the Yerkes-
Dodson human stress curve, shown in Figure 1.2, to illustrate this study’s perspective and that
of the coaches. The Yerkes-Dodson curve shows that if stress is either too low (green area) or
too high (red area), performance will be low (Dobson, 1982; Mellifont et al., 2016); however,
there is an optimal level of stress at which a person will perform at their best. The coaches
believe that their current practice routines generate enough stress (yellow area) and that adding
social stress may push them over the limit, leading to burnout (orange and red areas), but during
the interview study, most coaches complained that players lacked the motivation to practice
and were not taking practice seriously enough.

In 1959, Broadhurst found an association between task difficulty and motivation, and

he used the Yerkes Dodson law to establish this connection (Broadhurst, 1959). Parallel to this,
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| believe that the reason players are lacking in motivation and not taking practice seriously is
because they are in a “laid back zone” and are not challenged enough, a hypothesis which is
supported by Broadhurt’s 1959 findings. Proving and quantifying this hypothesis may enable
a coach to make informed decisions based on the risks and rewards. For example, if training
the player under stress will only increase their performance under pressure by around 3%, a

coach can make the informed decision to not take that risk because it might not be worth it.

1.3 Research Questions:

RQ1- Is it possible to assess performance by analyzing the game data?

RQ2- Is it possible to predict a match’s outcome by analyzing the game data?

RQ3- Is it possible to find a Key Performance Indicator (KPI) using game data?
RQ4- Why do Esports player's choke on big stages?

RQ5- What are the stressors affecting Esports player's performance?

RQ6- Does improving a player's mechanical skill help them perform under stress?
RQ7- Does training under stress improve their performance under stress or burnout?

RQ8- What is the performance gap between training with and without stress?

1.4 League of Legends Gameplay

In LOL, two teams of five players compete against each other to destroy each other’s

Nexus, which is a structure located inside a team’s base (Riot, 2020b). There are three lanes in
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the arena (Top, Middle [Mid for short], and Bottom [Bot for short]) with a jungle area
separating the lanes, as seen in Figure 1.3. The Top and Mid lanes almost always see one player
fielded in each, whereas the Bot lane see two players fielded: a damage-dealer and a support
player (usually a utility champion to enable or protect the damage-dealer) (Mobalytics, 2019).

The jungle is where the 5th player goes, and this player is referred to as a “jungler”.

Red Team Nexus
¢ A

£ -
S D N
\N R )

. & -

g

.'1“‘~

TN gl Blue Team Nexus|

Figure 1.3: League of Legends Arena (Reconstructed by the author)
During a match, first, the players will enter the “champion select” phase, in which each
player is assigned a lane, and a champion (a character to control in-game) is chosen from a
pool of approximately 150 champions that have different strengths and abilities. The players
will then enter the arena and move to their designated lanes. Each player in a lane, sometimes

referred to as “laners”, will kill creeps (i.e., non-player characters constantly generated by the
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game to fight for each side) to obtain gold, an in-game currency that will be used to purchase
items to strengthen their champions, as well as experience that will level up champions for
more stats (ability points). Creep-scoring per minute, referred to as “CSPM?”, is one of the
standard performance measurements in LOL (Lingle, 2014; Mobalytics, 2017b). This phase of
the game is referred to as the “laning” phase. Moreover, during the laning phase, players will
try to attack their opponents, hoping to either kill them or distract them from killing creeps. An
example illustration of laning can be seen in Figure 1.4, in which the larger characters are
champions, i.e., characters controlled by the players, and the smaller ones are the creeps, which

are also referred to as minions.

Red Side Creep

Blue Side Creep

Figure 1.4: League of Legends Lanning Phase
(Captured and constructed by the author)



During the laning phase, the jungler kills monsters in the jungle, also referred to as
jungle camps, to gather gold. Sometimes, a jungler will assist laners by ambushing opponents
in a lane to help their teammates gain an advantage. Killing an opponent’s champion is
rewarded by approximately 10 times more gold compared to Killing a creep.

A laning phase usually ends when a team gathers enough gold and experience and
believes they are strong enough for a team fight, in which they group up to complete objectives
such as destroying towers (Mobalytics, 2017a). Towers are structures that defend a battlefield,
and each team has a total of 10 towers spread across the map. Destroying an opponent’s towers
enables a team to control a battlefield and move closer to the enemy’s Nexus, which is the
main objective. A team usually wants to prevent the enemy team from destroying a tower, and
in some scenarios are forced into a fight in order to defend the tower. The stronger team will
usually win the fight and attack their enemy’s tower until it is destroyed and/or the enemy is
dead. Players’ champions remain dead for a few seconds before spawning again and returning
to the battlefield. A team will have to destroy all the towers in one of the lanes to reach the

Nexus, and the team that destroys the enemy’s Nexus first wins the game (bagelsen314, 2020).

1.5 Terms Used in MOBA Games

Scrim: This term is derived from “scrimmage”, and is used to describe a practice match

between teams in Esports (for both professional and casual players) (Bonnar, Lee, et al., 2019).

The meta: This is a term used to describe the best way to play the game by utilizing characters,

items, or other variables within a game. LOL undergoes small changes every two weeks, which
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result in a “shift in the meta” or a change in the optimal way to play the game (C.-S. Lee &

Ramler, 2017).

“Int”, “run it down”: This means intentionally dying in the game. This is also referred to as
“intentional feeding”, because a player intentionally dying will reward (“feed”) an enemy with
gold and empower them. Such behavior is punished by the game client if players report it. In
contrast, in professional Esports, an “int” or a player “running it down” is considered to have
died in a foolish way, sometimes due to lack of focus or due to being distracted (Tirkay et al.,

2020).

Trolling: is any toxic behavior with the intention of negatively impacting another players
experience such as trash talk or intentionally feeding (Kniffin & Palacio, 2018). However,
professional players use this term in official match as a code for “this player made a mistake
and we should do an immediate action to punish it”. This is their effort to speed up
communication because opportunities such as this has a few microseconds window of

execution.

Tilt: This is a mental state in which a player becomes frustrated and then loses focus.

Sometimes a tilt result in players giving up or make desperate plays (Wu et al., 2021).

MMR (Match Making Rating): is an index used by the game developer which represents a
casual player’s skill level. In a 5vs5 game, MMR is used to match teams of similar skill and

compete.
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Ranked Solo queue: is a feature in games in which players (professional or casual players) is

joined with other random players to compete against other teams with similar skill levels
This means going into a game and competing with other random players.

“Buffs” and “nerfs”: In the context of the in-game balance patches, buffing or nerfing
relates to an increase or decrease in specific attributes. For example, if a champion is “buffed”,
this means that the champion has gained more power or influence in the game, while in
contrast, if a champion is “nerfed”, this means that the champion has lost some power or

influence. The terms buffs and nerfs applies to champions and in-game items.

Finally, the next chapter will examine the existing literature to understand the stressors
in Esports, performance measures, the current coaching methods in Esports, choking models,
and choking interventions. This review may allow us to tailor solutions to the existing problems

in LOL Esports.
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Chapter 2: Literature Review

A literature review was conducted to find some answers to our research questions
(RQs) or at least guide this research to answer the RQs. The existing literature does not
examine the reasons for choking in LOL Esports. However, choking have been examined in
other domains such as traditional sport and the military. In this section, we will identify the

research gap to generate solutions based on what is known and what is missing in the literature.

2.1 Stress and Anxiety

In the literature, stress has several different definitions under different conditions. The
American Psychological Association (APA), defines stress as: “a normal reaction to everyday
pressure, but can become unhealthy when it upsets your day-to-day functioning (American
Psychological Association, 2019).”

McGrath (1976) broadly defined stress to incorporate most of the different definitions.
McGrath defined stress as the interaction between three main elements: perceived demand,
perceived ability to adapt to the demand, and the perception of the consequences of adapting
or not adapting to the demand. This definition suggests that stress is not just a discrepancy
between the demand and someone’s ability, but rather their perception of the demand, the
ability to deliver, and their inclination to adapt.

G. Fink (2016) had several definitions to stress based on the circumstances. However, they

argued that stress can generally be defined as: “an individual is aroused and made anxious by an

uncontrollable aversive challenge—for example, stuck in heavy traffic on a motorway, a hostile
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employer, unpaid bills, or a predator.” They also added: "The magnitude of the stress and its
physiological consequences are influenced by the individual’s perception of their ability to cope with
the stressor.”

G. Fink also defined stress as: “Perception of threat, with resulting anxiety discomfort,
emotional tension, and difficulty in adjustment” and “Stress occurs when environmental demands
exceed one’s perception of the ability to cope.”

McGrath’s definition of stress seems to encapsulate most of the definitions mentioned
in the literature. It is the most related definition to this study due to its conceptualization of the
three elements which factored in the task’s complexity (perceived demand), the skill or
performance of a person (perceived ability), and their engagement (perceived ability to cope).

Stress is usually stimulated by a social stressor (i.e., fear of evaluation), or a physical
stressor (i.e., noises) (Mary, 2020). On the other hand, anxiety is usually triggered by worrying
thoughts that do not fade away when the stressor is absent. The APA defines anxiety as: “an
emotion characterized by feelings of tension, worried thoughts and physical changes like
increased blood pressure (American Psychological Association, 2020).” Both stress and
anxiety involve mental and physiological responses to the triggers and have almost identical
symptoms such as irritation, fatigue, digestion problems, sleeping disorder, concentration
iSsues.

Stress and anxiety have similar interventions such as physical activity, meditation, and
diet, but they are different when it comes to their effect while the stressor is present or absent.

In our studies, we will use acute stress instead of anxiety to avoid inducing a long-term effect,
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and because it is the least harmful type of stress (CSHS, 2020). An acute stress does not need
to be life threatening. It can be a mild acute stress like an alarm clock or a loud phone ring

while relaxed in a quiet room. Moreover, a threat to ego can be a form of acute stress.

2.2 Stress Assessment

Stress is usually assessed by measuring physiological changes, biochemical markers,

or self-reporting.

2.2.1 Self-reporting

Self-reporting is commonly used because it is difficult to objectively measure stress. It
is a convenient, low cost, and non-invasive method that generally does not require
sophisticated equipment (Masood et al., 2012). However, some of the self-reported
methods are lengthy and require the participant to answer a lot of questions ( sometimes
90 to 200 questions) (Helton & Naswall, 2015). The Dundee Stress State Questionnaire
(DSSQ) is one of the commonly used stress measures that has been shown to be reliable
and valid by a number of recent studies (Green & Helton, 2011; Helton & Naswall,
2015; Matthews, 2020; Matthews et al., 2013a). The DSSQ contains 90 questions given
in a pre-post task experiment. In 2014, in his paper, Helton argued that there are
evidence showing that such a long questionnaire increased the possibility of the
participant being exhausted, which may jeopardize the useful information obtained
from the DSSQ. As a result, Helton developed the Short Stress State Questionnaire

(SSSQ), which contains a maximum of 24 items, which enables a user to target fewer
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than 24 questions based on their importance and their weight. The SSSQ measures three
primary states, Engagement, Distress, and Worry. The SSSQ also shows which of the
questions are needed to obtain a measure a specific state (Helton & Naswall,

2015)(Matthews et al., 2013a).

2.2.2 Performance

Individual performance is significantly affected by stress. A 2015 study examined
performance as a stress assessment method. According to its author, “tests that evaluate
performance in given tasks, for which standard performance measurements are known,

can be a good indicator of the effects of stress on the individual (Carneiro et al., 2019)”.

For example, assessing the performance of a player over time can give an estimation

of the expected performance on a given day, and if the performance significantly shifts

away from the mean, it can indicate that stress had an effect. However, this method is
an indicator with significant noises associated with it.

Initially, the plan was to use multiple stress measurements methods such as HRV, GSR,
and self-reporting, as the literature recommended this approach to increase the accuracy of our
reading (Carneiro et al., 2019). However, due to COVID-19, any measure that involves
physical contact or being near the participants is exceptionally challenging and is not
recommended at the current time (University of Waterloo, 2020). As a result, we used self-

reporting to assess stress and performance to assess the effect of stress. Our goal from stress

16



assessment measures is to confirm the existence of stress during an experiment in Study 3, and

not necessarily to accurately quantify it.

2.2.3 Physiological changes:

1-

Galvanic skin response (GSR), also known as Electrodermal activity EDA, is a method
that measures the changes in sweat glands caused by stress. This is usually done by
placing sensors on the palm, fingers, toes, or foot (Villarejo et al., 2012).

Heart Rate Variability (HRV). The heart does not beat in an even interval. We have
natural variability in the spacing between our heartbeats. HRV is used as a health
marker to measure both the body’s readiness to training and the body’s stress and
fatigue levels. High variabilities indicates that a person is less stressed and ready to
perform, while low HRV is linked to stress, depression, pain, inflammation, and low
emotional flexibility. This measure is done using an electrocardiogram (ECG) placed
on the chest, wrist, or fingers (Acharya et al., 2007a). In fact, one Esports team was
experimenting with HRV to direct their training methods, and during a 6 week period,
their feedback was positive (Sabtan et al., 2022).

Pupil size. The change in the pupil diameter is an indicator that the body is under stress.
Sophisticated equipment and sensors are used to measure the changes in pupil diameter
that can be wearable equipment on the head or remote equipments placed in front of

the participant (Yamanaka & Kawakami, 2009).
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2.2.4 Biochemical markers

Biochemical markers usually involve measuring the cortisol (stress hormone) levels
in the blood, saliva, or urine. This kind of testing usually is time-consuming but is

relatively more accurate than other measures (Hellhammer et al., 2009).

2.3 Choking

In sports, choking occurs when a player fails to perform in high-stakes games, such as
the final game in a tournament. Baumeister, in 1984, defined choking as: “performance
decrements under circumstances that increase the importance of good or improved
performance (Baumeister, 1984)”. This definition suggests that a suboptimal performance is
labeled a choke if the performer could perform better but could not due to the circumstances'
stressors.

Despite months or even years of practice, a player may fail when it matters the most.
This phenomenon is widespread in sports (D. M. Hill et al., 2010; Leith, 1988; Masaki et al.,
2017, 2017; Murayama et al., 2010; Murayama & Sekiya, 2015; R. R. Oudejans et al., 2013;
Wallace et al., 2005). The literature on choking shows that there are two theories as to why
choking can occur: the distraction theory and the self-focus theory (Beilock et al., 2004;

Beilock & Carr, 2001; Christensen et al., 2015; DeCaro et al., 2011).

2.3.1 Distraction theory

The distraction theory suggests that a person under stress will experience cognitive

stress (i.e., worrying), which requires a diversion of attention (working memory resources). As
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a result, irrelevant thoughts (i.e., relating to fears and doubts) will compete for attention with

relevant thoughts (such as focusing on the main task). Since the working memory has limited

capacity, the amount of attention directed to the main task will be reduced, which in turn

reduces the person's performance and leads to choking (Engle, 2002; Wilson, 2008). Most

athletes practice their skills until they become automatic, but in stressful situations such as a

high-stakes match, these automatic tasks, which are normally performed subconsciously, are

forced to be processed by the working memory, causing a players’ attention to be split between

their automatic skills and their doubts, making them vulnerable to choking (D. Hill et al., 2011).

2.3.2 Self-focus theory

The self-focus theory suggests that when stress increases, athletes focus their attention

on movement execution, meaning that instead of
allowing their actions to be executed automatically,
they over-analyze and process their actions step-
by-step, leading to a drop in performance or a
choke (Masaki et al., 2017). One study published in
2009 found that elite golf players who monitored
and controlled their strokes instead of allowing
them to go automatically had lower performance

(Bell & Hardy, 2009).
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Both theories boil down to a shift in attention. The distraction theory suggests that
worrying competes for attention with the task at hand, while in contrast, the self-focus theory
suggests that attention is shifted from automatic control to over analysis. These theories are
illustrated in Figure 2.1, where choking may be triggered due to social stressors (e.g., worrying
or self-doubt) or physical stressors (e.g., noises and fan distraction) (Grépel & Mesagno, 2019).

Choking theories provides a model that may enable this study to answer RQ4 (Why do
Esports player's choke on big stages?), however, the stressors causing Esports professional
players to choke need to be identified. Choking is a phenomena occurring in many different
scenes, such as: athletes (basketball (Fryer et al., 2018), baseball (Rob, 2004), golf (D. Hill et
al., 2011), dart (Klein Teeselink et al., 2020), and soccer (Jordet & Hartman, 2008)), musicians
(Pell, 2020), academic exams (Beilock et al., 2004), police officers (R. R. D. Oudejans, 2008),
and military personnel (Tenenbaum et al., 2008). Choking in Esports has been widely reported
in Esports news outlets (EMOTAI, 2020; theScore esports, 2019; Wolf, 2015), but limited
academic peer-reviewed studies have examined it. A few papers, however, discussed stress in
Esports in general (Ouellette, 2019; Poulus et al., 2020). To answer RQ4 and RQ5 (What are
the stressors affecting Esports players’ performance?), we need to, first, verify our findings by
asking the Esports coaches (Study 2), and second, conduct an empirical study to validate if
underperformance linked to stressors which stem from worries about their performance (Study
2). Our Study 2 will not aim to verify a specific theory but will be used to familiarize players
with stress which may improve their performance under stress according to both choking

theories.
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2.4 Choking Intervention

In 2019, Peter Gropel conducted a systematic review on the existing choking
interventions in which they examined 47 empirical studies. The most reported effective
interventions were training under stress, pre-performance routine (PPR), and quiet eye training

(Gropel & Mesagno, 2019).

2.4.1 Training under stress

One of the most commonly used interventions to prevent choking is training under
stress (R. R. D. Oudejans & Pijpers, 2009b, 2010). Oudejans, in a 2010 study on dart players,
examined whether training under mild stress would help maintain performance under higher
stress levels. Oudejan triggered stress by telling participants they would be video recorded and
that the recordings would be used on a popular TV program in which experts would analyze
the video. The experiment comprises a pre-test, a post-test, and two training days. The results
showed that practicing under mild stress had reduced perceived stress slightly but did help the
participants maintain their performance under higher stress than the control group's
performance, which deteriorated under high stress (R. R. D. Oudejans & Pijpers, 2010).

A study published in 2008 examined whether practicing under stress may prevent the
degradation of handgun shooting performance for police officers. The study had a pre-post-
test design, in which they fired 30 shots against cardboard targets, and another 30 shots against
an opponent that fired back using marking cartridges (colored soap), which added stress to the
police officer. The police officers had three training days in which the control group practiced
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their shooting on a standard cardboard target, while the experiment group practiced against an
opponent. The results showed that both groups performed equally worse in the pre-test against
an opponent firing back compared to the cardboard targets. However, in the post-test, the
experimental group's performance no longer deteriorated against an opponent firing back and
the control group showed no improvement from pre-test to post-test (Nieuwenhuys &
Oudejans, 2011; R. R. D. Oudejans, 2008).

Oudejans also examined if training under stress will improve the basketball player’s
performance under stress in 2009 (R. R. D. Oudejans & Pijpers, 2009a). 17 expert basketball
players practiced free throws for five weeks with stress (experiment group) and without stress
(control group). Stress was elevated using ego-stressor methods. A total of five stressors were
used:

1- The group that has the best score wins an amount of money, which introduced an

element of competition.

2- The participants were told that they will be video recorded

3- The participants were informed that experts will watch the recordings to evaluate

their technique

4- Participants were asked to imagine that they are performing in a decisive game

situation

5- Their coach and other players watched the shooter to further increase stress.
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The results showed that the experiment group’s performance no longer deteriorated under
stress in the post-test compared to the pre-test, while the control group was negatively impacted
by the stress in both pre-test and post-test, confirming the hypothesis that training under stress
has a positive effect on performing under stress. Some of the current studies in sports and on
training with stress indicate that training without stress may not improve a player's performance

under stress.

2.4.2 Pre-Performance Routine (PPR)

Moran, in 1996, defined PPR as “a sequence of task-relevant thoughts and actions
which an athlete engages in systematically prior to his or her performance of a specific sports
skill ”(Moran, 1996). The Objective of PPR is to focus attention on thoughts relevant to the
task while ignoring irrelative thoughts. PPR is generally described as a suitable intervention
for the distraction theory (Cohn et al., 1990).

A study in 2008 examined whether PPR would alleviate or diminish choking on
bowling players (Mesagno et al., 2008). Participants performed a 10-shot warm-up before
starting the test. The test consisted of 60 shots with one minute break separating every 10 shots.
Stress was induced by videotaping all shots, 8 audience watching, and a performance
contingent financial incentive. The PPR involved a series of physiological, psychological, and
behavioral steps. The author used cue words for “optimal arousal levels” and what they called

“shadow shots” (shots without a ball). The results suggest that using PPR improved
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performance under stress by an average of 29% compared to their performance before using
PPR.

Another form of PPR is deep breathing and cue words to improve concentration and
improve performance under stress. A 2010 study by Mesagno examined the effect of deep
breathing and cue words on the performance of football players under stress. The participants
were asked to shoot a ball to a target and assess their accuracy. Stress was induced by having
other participants watch the experiment, and they were told that the results will be reviewed
by respectable known players. The participants in the intervention group understood a group
specific PPR education for the deep breath and cue words, in which the research explained and
demonstrated the interventions to each participant. The results of this study further confirmed
that PPR improved performance under stress compared to the control group. They also found
that combining (mixing) different PPR (deep breath and cue words) resulted in better

performance than using only one of them.

2.4.3 The Quiet Eye

In 1992, Joan Vickers examined expert golfers and found that experts have consistent
pattern of eye fixation between the hall and the golf ball. Experts also have a steady “quiet
eye” fixation in the moment during and after the putt (Vickers, 1992).

A 2011 study by Samuel Vine examined the effectiveness of a brief quiet eye (QE)
training intervention on the performance of elite golfers under pressure (Vine et al., 2011).

They examined 22 elite male golfers (mean age = 20.95, SD = 2.66).
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The eye gaze was tracked using an Applied Science Laboratories (ASL) Mobile Eye
Tracker. Stress was applied by compensating the participants based on performance, and
comparing their results to other participants, in which they showed that their performance is in
the bottom 30% and that they need to improve or their data would be of no use for the study.
The results suggest that the QE trained group improve their performance by 5% under stress
compared to the control group.

Some of these interventions are currently used in Esports and can be seen on the public
tournament channels, specifically, PPR (deep breath, cue words) (Sabtan et al., 2022). The
players are seen repeating words, practicing deep breathing and huddling before matches, and
in some cases, the coaches give them speeches. Additionally, a paper published in 2021
illustrated a few other PPRs that has potential in Esports (Iwatsuki et al., 2021). These

interventions were investigated and discussed with the coaches we interviewed (Study 2).

2.5 Esports Existing literature

Although studies on Esports research are rapidly growing, researchers acknowledge
that such studies are still in their early stages, with LOL being the most researched MOBA

game (Mora-Cantallops & Sicilia, 2018b) (Béanyai et al., 2019).

2.5.1 Stress in Esports

In a qualitative study, Nilsson and Lee, looked at the factors affecting the mental health
of Esports players by interviewing five professional and ex-professional Esports players

(Nilsson & Lee, 2019). They found that stress from parents, fans, social media, and toxic
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behaviors is a common factor affecting mental health of MOBA players. Another study
explored the correlation and influence stress, and coping on mental toughness, and suggested
that Esports players may benefit from using psychology interventions (i.e., mental toughness
training) designed for traditional sports athletes (Poulus et al., 2020). A 2021 study found that
expert gamers had higher cortisol response than non-expert gamers when a game is perceived
as an important match. However, the experts in this study were armature players who are
ranked above average in the ranking ladder (Mendoza et al., 2021). Minerva Wu, in 2021,
studied the frustration in LOL games in which they surveyed 95 amateur Esports players in
high school and found that players are mostly frustrated by their teammates rather than
opponents in solo que games (a solo que game is a non-official game in which an individual is
grouped with another 4 random players) (Wu et al., 2021). This frustration (also known as
“tilt”) is a common challenge for most players playing MOBA games. A paper published 2022
looked at the basic psychological needs of Brazilian professional players and studied the
importance of empowering coaches to create a motivational climate. They found that a
motivational climate predicts needs satisfactions while the existing environment (focuses
mainly on performance, goals, and peer comparison) increased needs-thwarting (Vilas Boas
Junior et al., 2022). A 2020 qualitative study looked at emotion regulation in Esports, and
found that some factors triggering emotional response are similar to traditional sports while
others were unique to Esports players such as game design and social identity. They also
explore the importance of emotion regulation skills through the use of technology such as

digital platforms to share their emotions (Kou & Gui, 2020).
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2.5.2 Performance analysis in Esports

Research of performance analysis is very limited. A recent study analyzed the variables
associated with performance in MOBA esports, such as the numbers of Towers and Inhibitors
destroyed in the match; Towers and Inhibitors are structures in game, and destroying them is
a core objective to win a match. (Novak et al. 2020). However, further research is required to
determine the effectiveness and relevance of these variables because the results showed
association that may not be causation. Another study in 2021 analyzed the variables of LOL
2019 world tournament and found that team structure (champions used), number of deaths,
earned gold, and natural objectives were significant predictors of a wining match (Castellanos
& Corps, 2021). However, because the game is constantly changing (minor changes every two
weeks), the best team structure continues to change over time, making it challenging for teams
and coaches to determine the best team structure (also known as the “meta”). An additional
limitation to this study is that number of deaths, gold earned, and securing natural objectives
are an end result of the team who won the fight, which suggests that these factors might not be
a causation but a correlation to the wining team.

The literature on performance analysis, although limited, suggests that the data
provided by the game are rudimentary statistics, and there is a need to combine these variables
to find create performance index. Most of the variables are associated to the winning team and

not causing it.
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2.5.3 Esports vs. Sports

Although there is still a debate over whether Esports are actually sports, more people
have begun to welcome this type of sport (Jonasson & Thiborg, 2010; D. Lee & Schoenstedt,
2011; Pizzo et al., 2018; Thiel & John, 2018). This debate was reviewed and discussed in a
2018 paper by Hallmann and Giel (Hallmann & Giel, 2018). The argument stems from the
definition of “sport”. According to the Council of Europe’s Sport Charter, a sport “means all
forms of physical activity which, through casual or organised participation, aim at expressing
or improving physical fitness and mental well-being, forming social relationships or obtaining
results in competition at all levels” (Council of Europe, 2001). Physical activity is a key factor
that should be present in a sport, but Esports lacks this aspect. However, others have argued
that Esports overlaps with five out of six characteristics of sports: 1) they include the aspect of
play; 2) they are organized (i.e., governed by rules); 3) they involve competition; 4) they
involve skill (not chance); and 5) they have a broad following (Jenny et al., 2017). The main
conflict is over the physicality part. According to Jenny et al. (2017), the physicality part can
be interpreted as either physical power and physical skill, and physical skill is present in
Esports. Moreover, governments, and universities are treating Esports players as athletes; for
example, foreign Esports players have been issued athlete visas when competing in the US and

Europe (Graham, 2019; Happonen & Minashkina, 2019a).

2.5.4 Esports player’s personality

Esports players are facing problems that mainstream domains like traditional sports

have long-since solved. Naturally, esports teams would just replicate what has worked for these
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successful domains in the past, but there remains one problem. decision makers within Esports
believe that their players are more sensitive to social stressors such as performing in front of
crowds, being “booed” at while performing, or being criticized in social media, because they
are used to play from the comfort of their rooms and don’t socialize as often as traditional
sports players. In fact, a 2020 study found that a streamer performing in their bedroom to a
remote-viewer crowd is enough stress to have a negative effect on esports player’s performance

(Matsui et al., 2020).

2.5.5 Other Esports topics

Researchers also found that video game players’ reaction time starts dropping by the
age of 24, leading to a relatively young retirement age of 25 (Nikkei Asia 2018; Happonen &
Minashkina 2019). A 2022 paper explored rule enforcement to prevent match fixing in Esports.
According to Renkai, match fixing might emerge as a new challenge for Esports due to the
increasing number of betting websites on matches outcome (MA et al., 2022). Another
emerging challenge in “ranked” video games is the increasing number of boosting services (in
which a player shares their account with a skilled player to increase their rank). Consequently,
when the original player plays at a higher rank, they will negatively impact other players'
experience and increase the frustration because they may lose due to the “boosted” player is
not skilled enough (Conroy et al., 2021).

Other notable papers: what motivates an Esports player to player LOL (Y. Sun, 2017)

(Q. Sun, 2019). Exploring toxic behavior within ranked (in which random casual players
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compete) LOL games (Kou, 2020) (Mora-Cantallops & Sicilia, 2018a). Studying players

retention in LOL (Demediuk et al., 2018)

2.6 Summary:

The literature review confirmed the existence of choking in many other domains (i.e.
traditional sports and the military). Training under stress is a choking intervention that is well
understood within the literature; This method does not appear to change the perceived stress
dramatically but rather familiarizes the performer with an environment. Most stress training
methods use both physical and social stressors similar to the ones present on the main
performance stage (For example, the military trains their army with sounds of explosives and

an enemy firing back at them (using paintballs)).

This chapter also explored the methods used to measure stress, each of which has its
own trade-offs, mainly based on time, cost, invasiveness, and accuracy. For example, self-
reporting methods are relatively cheaper but may not be as accurate as physiological measures
such as EDA or HRV. The literature on Esports chokings and the stressors affecting a player
is limited. Additionally, the existing literature does not allow this study to understand the
current choking prevention methods used. A few studies explore performance indicators by
analyzing the game database but do not provide a performance indicator at the individual’s
skill level. The existing performance indicators appear to be correlated to the winning team but
not causing it, and in some cases, are not factors that can be controlled or improved (such as

side selection on the game map). The existing studies also analyzed around 50 in-game
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variables, while the game provides access to over 150 variables. The game client is constantly
updating, and the number of accessible variables is increasing yearly; this may explain why

the current studies looked at some of the existing variables.

Since Esports literature is in its early stages, this Thesis aims to bridge the current
literature gaps and provide a suitable choking intervention for Esports players. As a result,

three studies were proposed in order to answer the research questions:

Study 1 (Chapter 3: Investigating Performance Measures): The literature on
performance indicators in esports helped guide Study 1 by informing this study on what was
done and which areas are still under-explored. Study 1 analyzed the available 150 variables
from the game client, and also analyzed the 2021 global official LOL tournaments and world

championship data. This study aims to answere the following RQs:
RQ1- Is it possible to assess performance by analyzing the game data?
RQ2- Is it possible to predict a match’s outcome by analyzing the game data?
RQ3- Is it possible to find a Key Performance Indicator (KPI) using game data?

Study 2 (Chapter 4: Coaching Practices): professional LOL coaches were interviewed
to understand the challenges and stressors affecting Esports players. Additionally, the findings
helped establish a baseline of knowledge in coaching practices which may help future

researchers understand the current state of training and coaching. Finally, choking
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interventions were discussed with the coaches to know if they use any of them and to tailor a

solution based on their feedback. This study is designed to answer the following RQs:
RQ4- Why do Esports player's choke on big stages?
RQ5- What are the stressors affecting Esports player's performance?

Study 3 (Chapter 5: Stress training): In this chapter, an experiment was conducted in which
we tested the effectiveness of two choking interventions. The first intervention is training under
stress which is proven to be effective in other domains. However, both the literature and the
coaches expressed that Esports players are relatively more sensitive to social stressors than
traditional sports athletes, and the coaches added that such intervention would lead to burnout
based on their experience. As a result, the coaches suggested a second method in which they
focus on improving a player's skill and strategy to increase their confidence, which they believe

improves a player’s performance under stress. Finally, this study will answer the remaining

RQs:
RQ6- Does improving a player's mechanical skill help them perform under stress?
RQ7- Does training under stress improve their performance under stress or burnout?

RQ8- What is the performance gap between training with and without stress?
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Chapter 3: Investigating Performance Measures — Study 1

3.1 Introduction

As Esports industry continues to grow, the need to assess a team’s and player’s
performance is increasing. Teams are constantly in pursuit of acquiring the best players in the
world to win international tournaments. But there is a lack of analytical indexes or diagnostic
tests to measure different factors that contribute to the overall ability to win. If a team needs to
select a new player, they cannot distinguish between two applicants who have relatively similar
qualities. The current work aims to investigate the possibility of creating a quantitative measure
(key performance indicator (KP1)) to distinguish between good and great players LOL players.
Additionally, finding a KP1 is needed to evaluate the effectiveness of training methods in the

chapter 5 (Study 3).

3.2 Study 1 - Research questions:

RQ1- Is it possible to assess performance by analyzing the game data?
RQ2- Is it possible to predict a match’s outcome by analyzing the game data?

RQ3- Is it possible to find a Key Performance Indicator (KPI) using game data?

3.3 Methods

Riot Games, the developers of League of Legends, provides an application
programming interface (API), a software that allows users to export and analyze the game data.

The API provides information for each individual game played on the public server, such as:
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1- Participant information (i.e., player name, rank, historical record)
2- Match information (i.e., the overall amount of gold gathered, and kills, assists, and
deaths for each player)

3- Player stats (i.e.., damage done or taken by each player during a match)

There are approximately 150 different variables (i.e.., player stats, champion picked ...
etc.) for each match. The API allows the user to access all historical records of matches played
on the public server for the last few years. Additionally, this study was given access to the
2021 official tournaments, regional and world championship tournaments to search for a KPI.
These databases were statistically studied to find a reliable performance indicator that would
predict a match’s outcome (by comparing winning teams to losing teams) and another that
would enable this study to assess individual players. To extract the data from LOL API, we

built a python application (MatchGrabber).

3.4 MatchGrabber

Our MatchGrabber is a user interface we built from the ground up with the help of Eng.
Haoze “Gary” Zhou, a University Research Assistant (URA), using Python and PyCharm. The
Match grabber exports the user’s required amount of match information after applying the
filters of their choice, such as, grabbing all the matches played between a specific date that
includes a specific champion, on a specific range of ranks, and on a specific role (TOP,

MID,..Etc)
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3.5 Game Data Results and Analysis

We conducted an independent sample t-test and paired t-test to test the significance of
differences between winning and losing teams. A total of 170 games were examined using the
SPSS Paired t-test. We examined the winning team's variables versus the losing team in each
match. 13 variables had a significant difference between the winning team and the losing team.

The variables are defined in Table 3.1, and the SPSS results can be seen in Figure 3.1.

K Champions Killed

d Number of times a player died

a Assisted kills, the number of times a player was involved in a fight that resulted in a kill
fb First Blood: the first kill in a match

dmgtochamp Damage to champions: the amount of damage a player deals to a champion during a match

dmgtochampperminute | Damage to champions per minute: the amount of damage a player deals per minute in a match

wards The number of wards used in a match. Wards are used to grant temporary vision to the team
wpm Wards per minute: the number of wards placed in a minute

Goldspent Gold Spent: the total amount of gold a player has spent to purchase items

GSPD Gold Spent Percentage Difference

CSPM Creeps Scored Per Minute: how many minions are killed every minute

Goldat10 Gold difference between both teams at the 10" minute of the game

Goldat15 Gold difference between both teams at the 15" minute of the game

Table 3.1: LOL variables code names and definition
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Paired Samples Test
Paired Differences
95% Confidence Interval of the
Std. Error Difference
lMean Std. Deviation Mean Lower Upper 1 df Sig. (2-tailed)

Pair 1 k- kL 8.398 4.750 .363 7.681 9115 23121 170 .0oo
Pair 2 d-dL -6.392 4756 364 -g.110 -T.674 -23.075 170 .0oo
Pair 3 a-aL 20.427 12.868 984 18.484 22.369 20.758 170 .0oo
Pair 4 flo - fhl 146 942 078 -.004 296 1.827 170 056
Fair 5 dmgtochamps - 13610807 14295.844 1093460 11452.2499 15769.315 12.447 170 .ooo

dmatochampsL
Pair & dmgtochampsperminute 4213275440  424.6150841 3247112704 3572289967 4854260913 12,975 170 .0oo

dmgtochampsperminute

L
Pair 7 wards - wardsL 3574 20.661 1.580 AB0 G698 2,265 170 025
Fair 8 wWpm - wpmL 1159317996 A764337020 0440809869 02891519489 2029484043 2630 170 .o0g
Pair 8 goldspent - goldspentL 5702.529 4198.584 322.017 5066.836 6338.223 17.709 169 .0oo
Pair10  gspd- gspdL 2240596347 756100404 0134686753 1874711168 2506481525 16.636 169 .0oo
Pair 11 cspm- cspmlL 2216869573 2724939890 2089933493  1.8042095708  2.529443437 10.607 169 .0oo
Fair12  goldat!0- goldat1 0L 473.441 1234776 54,703 286.488 G60.394 4999 169 .ooo
Fair13  goldat!5- goldat1 5L 1538.612 2277.351 174.665 1193.806 1883418 8.809 169 .ooo

Figure 3.1: LOL API data analyzed (SPSS software output)
(Conducted by the author)

These variables are statistically significant factors to a winning team, however, most of
them can be factored out because they are associated with a winning team. For example, “gold
spent” happens after a given team wins a fight. A team that won a team fight will have more
gold to spend relative to the losing team. Moreover, Kills, assists, and deaths are the end result
of a team fight, which cannot predict a winning team before they start the fight. On the other
hand, CSPM, happens throughout the game from the beginning to the end of a match. A team
with higher CSPM, especially during the early phases of the game, has better chances to win
the next team fight because they will generally have more gold than the opponent, which means

they could have bought more items (to empower their champions) relative to the enemy.
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This analysis was repeated on the tournament data (149,496 official tournament
samples in 2021), and the results showed that 14 variables were significant. 13 out of the 14
variables were the same as the public games. The additional variable was “Champion”,
indicating that some champions impacted the chances of winning or losing a game.
Unfortunately, a champion that can influence a game (referred to as OP “over-powered”), is a
hindsight information. Teams are constantly searching for such OP champion on a daily bases,
because the game by design, buffs (increase the effectiveness) or nerfs (decrease the
effectiveness) champions every two weeks. The developers of LOL make changes to
champions to keep the game balanced by looking at champions win-rate; Their goal is to keep
the champion’s win-rate at 50% and the tolerable range is usually between 45% and 55% (Kica
etal., 2016).

The game data in its raw form is not enough to generate an index that would predict a
winning team or distinguish between players. As a result, this study combined some of the

variables in an effort to find a KPI. A few potential indexes were explored:

3.6 Spending efficiency

The previous analysis showed that damage done to champion and gold spent were
statistically significant. However, these values are associated to a winning team. As a result,
in an effort to find a performance indicator to distinguish between players, we hypothesized
that better players would, on average, have higher gold efficiency. A good player may do more

damage than another player while having the same amount of gold, this is due to the players
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being able to utilize their champion better given the amount of gold they spent (players spend
gold on item to improve their stats including damage) This was done simply by calculating
“damage done to champion” and divide it by “gold spent”. This index illustrates, for each gold
spent, how much damage can a player do. This was referred to as spending efficiency in this
study. Official tournament matches were and analyzed by comparing the spending efficiency
of the winning team against the losing team. First, we determined which role (a team has five
roles) had the highest damage in a game. The results showed that the role “Mid” and “Bot”
had the highest damage share within a team. As a result, we analyzed the remaining sample
(N= 49,792) after removing the other roles (Top, Jungle, and Support). The independent
sample t-test, seen in Figure 3.2, showed that spending efficiency is a statistically significant

factor with a p-value < 0.000, indicating that this factor may predict a winning or a losing team.

One-Sample Test
TestValue=0
95% Confidence Interval of the
Mean Difference
result t df Sig. (2-tailed) Diffarence Lower Upper
0 spending_Efficiency 425110 24903 .0oo 1.27254 1.2667 1.2784
1 spending_Efficiency  485.861 24887 .0oo 1.43421 1.4284 1.4400

Figure 3.2: Spending efficiency independent t-test (SPSS software output)

3.7 Damage Utilization

A major aspect of a player’s performance in LOL is dealing damage to opponent
players. The LOL game client software provides the total damage done throughout a game.
However, this value provides only the absolute damage without putting it into context. There

are more than 160 characters (Champions) (Riot Games, 2022) that a player can choose from,
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and each one varies in the damage-dealing potential. Therefore, there is a need to have a
reference point for the potential of each champion.

This study hypothesis that a better player will utilize their champion to its full potential,
given the opponent they are facing. For this metric to be calculated, we need to determine the
factors influencing the damage done. After that, we can determine how much damage could a
player output given their current situation. This metric will be named “Champion Damage
Utilization” (DU).

Maximum Damage (MD) is the potential optimum damage that a specific champion
can produce during the fight. The calculation must consider many factors in LOL. Calculating
the MD is challenging because a champion’s damage scales with champions level and
champions items. Additionally, each champion has a unique set of spells, and each ability has
a “cooldown,” which limits the number of times a player can use the ability over a duration of
time. For example, the champion “Syndra” has a damage dealing spell named “Dark Sphere”.
This ability deals 70 to 210 hit points based on the champion’s level. The damage is further
increased by 65% of Syndra’s “ability power” (a stat obtained from items and levels).

Furthermore, the damage done is mitigated based on the opponent's “magic resist” (a
stat obtained from items and levels). To sum up, a champion's Maximum Damage depends on
its and its opponent current level, the champion’s basic stats, the current items. The equations
for these variables are available publicly. However, an application was needed to automate the
process. Fortunately, Felix “Crixaliz” Biicher, a graduate student from the University of

Lubeck built a tool that calculates the damage done for all champions given their and their
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opponent’s level and items, which greatly assisted the research to calculate the MD (Felix,
2018). This tool was built using Microsoft Excel, Felix did a great job designing this tool.
Figure 3.3 illustrates the maximum damage tool. The tool takes a few minutes to fill and
automatically illustrates the maximum possible damage a champion can inflict on an enemy
by factoring-in all the variables enhancing an attacker’s damage, and the variables of the enemy
that can mitigate the damage.

Actual Damage (AcD) is the amount of damage a given player does using a specific
champion over the fight duration. This is required to determine the utilization (DU). Due to
the lack of automated algorithms to measure the actual damage during a fight, this measure is
currently calculated by watching the video of the fight, frame by frame, and manually recording
and totaling the damage output by the player. In future work, algorithms will be developed to
do the calculation. However, for now, this manual work is to prove if the concept works or no.
Figure 3.4 illustrates the manual process of calculating the actual damage done, the numbers
inside the circle are manually counted and the duration of the fight is recorded (a fight usually

last a few seconds).
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Champion Damage Utilization (DU) represents how much a player utilized a given
champion’s maximum damage-dealing potential over a period of time by comparing the AcD
to the MD.

DU = AcD/MD * 100%

When a player starts a fight, AcD will be recorded throughout the fight and then
compared to the MD to identify the gap. Example: Player A, using Champion X, started a fight,
which ended in 3 seconds. The total damage done during the 3 seconds was 900 = AcD.
However, Champion X could have done 1600 damage (MD) (which will be obtained from the
Excel sheet app) over the same duration (3 seconds). Therefore, DU = 900/1600 = 0.5625 or
56.25%. We hypothesize that the winning player or team should have a higher DU than the
losing player or team.

One of the benefits of DU is that it shows how much damage a player can deal on a
specific champion compared to the ideal case or (MD). The DU can be used as an indicator to
measure other factors such as “zoning”. Zoning is when a player is threatened by another
(stronger) player, forcing him to move backward and away from the threat and also from the
range of the team fight. This usually happen when a team has an “assassin,” type champion
which can kill a damage dealing targets quickly. The assassin simply needs to stay relatively
close to the enemy damage dealer to threaten him, and that would deny the enemy from being
close to the team fight and deal damage. In DU, the zoned player will have significantly lower

damage, and a coach can guide his “eye test” towards that moment to investigate what
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happened, instead of watching the whole match (the average match duration is around 25

minutes).

3.8 Results

The DU performance metric was tested on two scenarios, a one vs one fight, and a five
vs five fight.

One vs. one scenario: the sample tested was a fight between two professionals in an
official match in 2019. Player A used a champion named “Skarner” and Player B used a
champion named “Reksai”. The fight duration was 12 seconds, which ended with Player B
killing the champion of Player A. The AcD, MD, and DU can be seen in Table 3.2. The MD
of both players is relatively close, indicating that both champions did not have a significant
edge over the other. However, Player B (Winner) was able to get the most out of his champion,
resulting in a DU of 93.58% compared to 73.46% DU for Player A (Lost the fight). Notice that
in Figure 3.5, the utilization of the champion can easily be identified, the blue colored bar
indicates the MD, and the gray bar indicates the AcD. Using such a KPI and illustrating it using
numbers and figures allows a coach to quickly assess what went wrong and also assess the
room of improvement by looking at the gap between the MD and AcD. In contrast, without
this illustration, the viewer will only see the total damage done without knowing how well a
player performed relative to their champion’s maximum potential, and will need to relay on

the eye-test (visually inspecting the fight in slow motion).
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Case two - Five versus Five: During the LoL Champion Series in North America in
2019, Team Liquid played against Fly Quest. At minute 20 of the match, there was a five
versus five fight, and Fly Quest won that fight. The DU values for Team Liquid and Fly Quest
can be seen in Table 3.3 and Table 3.4, respectively. The total AcD of both teams are relatively
close. However, the gap between the AcD and MD is large, meaning that there is a lot of room
for improvement for both teams, specifically for Team Liquid on that fight having 32.4% DU.
A coach using this method is efficiently guided by looking for the fights in which their player’s

had lower than expected champion damage utilization and improve it.

781
Player A
[T
Player B A 1o
Plaver® L —
AcD 1041 781
MD 1112 1063 0 200 400 600 800 1000 1200
CDhU 93.58% 73.46% AcD ®MD

Table 3.2: the damage metrics for the one vs Figure 3.5: the gap between AcD and MD of both players
one fight

Figure 3.6 and Figure 3.7 show the gap between the AcD and MD for Team Liquid and
Fly Quest. Notice that, overall, Fly Quest utilized its champions more effectively compared to
Team Liquid. Moreover, the deficiencies can easily be spotted on the DU graph, and therefore,

speed up the process of pinpointing the opportunities of improvements.
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Player 1
Player 2
Player 3
Player 4
Player 5

Total

DU AcD

Team Liquid - Lost the fight
MD

50%  2,012.00
38% 302.00

0%

11% 299.00
73% 1,053.00
32.40% 3,666.00

4,041.40

789.40
2,348.10
2,681.80
1,448.50

11,309.20

TEAM LIQUID - LOST THE FIGHT

Player 5
Player 4
Player 3
Player 2
Player 1

0 1000 2000 3000 4000 5000

EMD mAcD

Table 3.3: illustrating Team Liquid’s
damage metrics for the five vs five Fight

Figure 3.6: Team Liquid's gap between AcD and MD

of both players

Player 1
Player 2
Player 3
Player 4
Player 5
Total

Fly Quest Won the fight

DU AcD
69%
40%
65%
41%
58%
55.60%

1298
465
1506
868
565
4702

MD
1883.3
1148.8
2314.7
2137.3

972.7
8456.8

Player 5
Player 4
Player 3
Player 2
Player 1

FLY QUEST - WON THE FIGHT

o

500 1000 1500 2000 2500

EMD mAcD

Table 3.4: illustrating Team Fly quest’s
damage metrics for the five vs five Fight

Figure 3.7: Team Fly Quest's gap between AcD and MD

of both players

Coaches usually review the footage of a match from each player’s point of view (total

of five players in the team), the game screen-record the game for each player, also known as

Pro-view”, which allows the coach to see minor but impactful mechanical details, such as
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mouse clicking, and mouse location. Notice that player 3 in Team Liquid had zero AcD
damage, and his MD is the second highest in his team, player 3 could have had a significant
impact if they utilized their champion better; this information can guide the coach to go and

watch a specific player to figure out what went wrong.

3.9 Conclusions

Both the public game data (data of casual players) through APl and the official
tournament data were examined. The analysis found 14 statistically significant variables
similar to the ones in the literature; this finding suggests that the new accessible variables do
not add additional value to a user searching for a performance indicator. This study explored
the significant variables and found that they (excluding CSPM) are likely to be correlated to
wins, while CSPM can be a possible performance indicator. Furthermore, Study 1 proposed
two potential KPIs, spending efficiency and champion damage utilization. However, both
methods must be automated and updated with each LOL patch to remain reliable.

The DU performance indicator has been tested on only two samples because the data collection
is done manually. It takes about four hours to obtain the data to calculate the AcD and MD for
a one-on-one fight (two players). As the number of players increases, the time required to
obtain the information will increase exponentially due to the interaction between multiple
champions. The initial test on two samples suggests that this metric has the potential to predict

a winning team by measuring a player’s champion damage utilization (DU).
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The findings from this study showed that it is possible to assess and predict a player’s
performance using CSPM; this KPI was later used (Chapter 5: Study 3) to evaluate the
effectiveness of the proposed training methods. Additionally, at least 13 variables are
associated with the winning team; this suggests that game data can predict a match outcome.
However, the challenge was to determine whether they are causation or a correlation; these
findings may answer the following RQs:

RQ1- Is it possible to assess performance by analyzing the game data?

RQ2- Is it possible to predict a match’s outcome by analyzing the game data?
RQ3- Is it possible to find a Key Performance Indicator (KPI) using game data?

Finally, a KPI and a task (CSPM) is one of the major requirements to design a choking
intervention. Next, the physical and social stressors need to be identified to finalize the design
of the intervention. In the next chapter, the coaches will be interviewed to understand the
current states of coaching, the training methods used, and if they experimented with stress

training.
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Chapter 4: Coaching Practices- Study 2

4.1 Introduction

Although Esports are becoming increasingly popular, there is almost no existing
literature on Esports coaching methods and the challenges coaches face. Most of the
information available on Esports coaching can be found in blogs and Esports interviews. As a
result, further investigation was required to understand the current state of coaching, and this
was done by interviewing professional LOL team coaches to provide the knowledge
foundation for future research. The coaches were asked for their opinions on our RQs as well
as about our findings from the literature (choking interventions) and from Study 1 (KPIs).

League of Legends has four major competitive regions and a total of 47 major teams:
10 teams in North America (NA), 10 teams in Europe (EU), 10 teams in Korea (KR), and 17
teams in China (CN). With its rapid growth and the huge investments going into Esports, the
need to protect such investments and ensure the quality and performance of players is
becoming increasingly important. In the first two years of LOL’s 11-year history, most teams
had no coaches, but starting from the third year, teams started to hire coaches after realizing
their importance. Currently, all professional teams have coaching staff, typically including a
head coach, an analyst, and sometimes an assistant coach (Hasan, 2021). In the current study,
we interviewed LOL coaches to understand the challenges they face and to find research

opportunities that would address and aid in solving these challenges.
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4.2 Interview Setup

As noted above, in professional LOL there are four major regions of play (North
America, Europe, China, and Korea). We contacted all 47 teams using their public contact
information, and six teams agreed to participate in this interview study. Among the six
representatives interviewed, there were five males and one female, with ages ranging from 26
to 33 years old (average 28.8 years). Two of them were from North America, and four were
from Europe. Their roles included head coach (four), analyst (one), and general manager (one).

The interviews were conducted to gather data and to allow each coach to express their
thoughts and concerns. The participants were given a list of questions in advance in order to
shape the overall theme, and then individual meetings were scheduled using an online platform
of each participant’s choice, such as Skype, Discord, or Hangouts. The general theme of the
questions revolved around performance assessment methods, training in Esports, general game
knowledge, and challenges a coach faces in Esports. The participants were asked for their
consent at the start of the interviews. During each interview, they were asked to talk about the
current state of the league in general, without the need to reveal specific information about
their respective teams.

The average time for each interview was one hour. The participants volunteered their
time and were not paid or compensated. This study was reviewed and approved by a research
ethics committee at the University of Waterloo. The interviews were audio-recorded using
Open Broadcaster Software (OBS), and the recordings were then transcribed to text manually

because transcription software failed to recognize game-specific terminologies such as
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“scrim”, “meta”, and “int”. Two researchers independently performed thematic analysis using
a combination of deductive and inductive approaches, and since comparison of the coded data
from the two researchers showed high similarity and consistency, the results were merged and
grouped into a hierarchical structure of themes and keywords. The following section presents

the details of the results.

4.3 Data from the Interviews

The information obtained from the interviews was categorized and grouped into
different sections. The major findings were then grouped into two categories with

accompanying subcategories, as follows.

4.4 Esports coach general information
4.4.1 Role of a coach

Each coach had their own philosophy, perhaps because the challenges facing each team
were different. For example, Coach #2 said, “The role of a coach depends completely on the
roster. Each team will need a varying level of skill based on their needs.” Although there was
no consensus on a best practice for coaching, there was a unanimous consensus over five key
objectives of a LOL coach: identifying players’ potential and creating winning conditions for
the team; developing synergy and trust within the team; developing the micro and macro play
of the team; setting goals in order for players to continuously improve; and motivating players

to improve and maintain their peak performance.
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Players’ potential. Each player has their own strengths and weaknesses, and a team
usually aims to pick a roster in which each player’s strengths are complemented and their
weaknesses are covered. However, the number of variables that account for the strengths and
weaknesses of players are unidentified and differ between roles. In LOL, there are five core
roles: top, jungle, mid, Attack Damage Carry (ADC), and support. Each of these roles has its
own sub-role, which basically involves the style a given player uses to execute an objective.
For example, a support role can generally be a utility player, a “play-maker” player, or a
damage-dealing player (there can be more sub-roles, but this is a simplification to illustrate the
potential amount of variables), and these sub-roles can be executed with many different
champions. There were over 150 LOL champions as of 2020 (Riot, 2020a), and this number is
increasing by approximately six champions per year (Reav3, 2020). These variables
collectively shape the strengths and weaknesses of players and teams, and head coaches are
expected to utilize these variables for success. The reason for adding new champions is to add
new gameplay opportunities for players to engage with, which is viewed as “mini-expansions”
according to the game’s developers (Dev, 2020).

Synergy and trust. According to the coaches, synergy and trust go hand in hand. For
example, Coach #3 coach stated:

“If you want to have a good team, then you need to obviously have a bond of trust

between players so that players feel they are able to make mistakes in order to take

opportunities. If you are constantly afraid of making mistakes, you won'’t take
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opportunities that you have. The same goes for if the player is not trusted, the team will

not follow up with his calls, which leads to bad synergy.”

In LOL, players are constantly making decisions, and since in many cases there is not
enough time for a player to communicate their thoughts with their team-mates, therefore as
soon as an opportunity presents itself, individual players are expected to react swiftly. These
reactions collectively determine whether an objective is achieved. Players need to know what
their team needs from them at any given time and act on it with minimum communication,
because the window of opportunity might only be measured in seconds (sometime milliseconds
(MS)). As soon as a player sees an opportunity, they should react and trust that their teammates
will follow up with whatever actions necessary to win in that situation. This trust takes time to
develop, and head coaches try to ensure that the trust and bonds between players are as strong
as possible. There is no standard approach to developing such bonds; however, some coaches
try to arrange for the players to do activities together outside of practice and competition, such
as watching TV shows or going for short trips on vacation days.

Micro play. Generally, micro play skills involve a player’s ability to control his
individual champion and press advantages in a game (Team Dignitas, 2017). They depend on
many factors, such as knowledge about different champions’ abilities, optimal ways to use
those abilities, positioning their character in a game, and landing skill shots. Individual players
may be lacking in some of the micro aspects of the game, and coaches are expected to either
train them through “positional coaches” or avoid putting them in positions where the enemy

can capitalize on their weaknesses. A positional coach usually has enough game knowledge to
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train a player’s micro skill during practice days. This aspect of LOL relies heavily on what is
referred to as “mechanics”, which refers to the player’s hand-eye coordination and response
speed.

Macro play. Macro play involves the bigger picture and relates to the strategic side of
the game, which involves how the team moves around the map and executes its overall strategy
to achieve objectives (Team Dignitas, 2017). This aspect of the game relies on game
knowledge and awareness. The head coach and an analyst, along with the players, will develop
the macro play of the team. One way of developing a team’s macro play is by analyzing its
opponents and creating a countermeasure strategy.

Goal setting. Coaches are expected to set weekly goals to improve the players and the
team overall. The goals depend on the current strengths and weaknesses of teams and players,
and the players aim to achieve these goals by practicing in scrims and solo queue games. The
goals may be related to macro play, micro play, or communication. For example, a team might
be underperforming because their leader is not decisively communicating their thoughts, so
their teammates will hesitate to follow up, and a head coach usually identifies this through
discussions after the game and then sets a goal on practice days for the leader to be more
decisive in the hope that the practice strategy will be reflected in success on actual game days.

Motivating players. Because the game is constantly changing, players need to
routinely practice to maintain their skills, as optimal tactics and best game character choices
keep changing with game updates and balance patches. Keeping the players motivated to

practice long hours is difficult, and the coaching staff are expected to help the players with this
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aspect. This is a constant issue, and coaches are always looking for the best ways to motivate

players.

4.4.2 Coaching positions

There are four main coaching positions in LOL teams, as follows.

Head coach. The head coach is responsible for the team’s overall performance. A head
coach’s role in a team is to determine “whatever the team needs in order to perform at peak
performance” (Coach #4), from managing the players and their environment to planning
practice routines and strategies. Additionally, they are responsible for developing synergy and
trust within a team.

Assistant coach. The assistant coach is expected to complement and assist the head
coach. Additionally, they schedule and supervise scrims and make sure that goals are being
met.

Analyst. An analyst works together with the head coach and assistant coach to generate
strategies based on information obtained from their team or their opponents. Both the team
members and opponents are analyzed, and their strengths and flaws are pinpointed to develop
a strategy that can utilize the strengths and flaws of a team. The information is usually obtained
by either analyzing game stats or analyzing match replays, both of which are provided by the
game developer.

Positional coach. A positional coach focuses on improving individual players based

on their roles or “positions” in the team. This is done by identifying opportunities for
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improvement and then working together with players to achieve the set goals. Additionally,
they record information related to each player in order to assess and help the players
improve.

Two other notable positions are:

Scouts. Scouts are responsible for identifying players that have potential in order to
recruit them. This is usually done by monitoring solo queue games across regions and also
with academy teams.

Sport Psychologists. Sport psychologists are becoming more popular in Esports;
however, not every team has one. The role of a sport psychologist depends on a team’s needs.
This ranges from managing the stress levels of players performing on big stages to creating a
team atmosphere that supports trust and growth. The reasons not every team has one include
cost and because some coaches believe a sport psychologist cannot understand or connect with

Esports players, perhaps because they are unfamiliar with the situations or the gameplay.

4.4.3 Coach skill requirements

The coaches surveyed unanimously agreed that coaches needed four essential skills:
leadership, communication, ability to set goals, and game knowledge. When it comes to game
knowledge, a team with established, veteran players will need a coach that can work on the
environment and control the team’s discussions, because veteran players are good enough to
fix their own game-related problems, and the coach’s role in this case is to have enough game

knowledge to identify whether things are getting off-track. In contrast, a team with new talent
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(rookies) will need a coach that has greater game knowledge compared to someone coaching

for a team of veterans.

4.4.4 Stress in LOL Esports

All the coaches agreed that stress has a significant and noticeable impact on a player’s
performance. Coach #6 said,

“We are spending so much time practicing the game, and spending very little time

nurturing the mind and managing stress levels,” and “Mechanical skills is what gets

you there but it does not make a difference if you cannot manage the stress.”
The coaches’ concerns related to players’ stress can be summarized into five categories,
including: translating scrim performance to stage performance; stage nerves; social media;
disappointing the organization and fans; and being evaluated. The factors triggering stress are
overlapping and interconnected.

Translating scrim performance to stage performance. This is the most common
cause of stress for players, according to the coaches we interviewed. Teams usually practice
specific strategies during their scrims; however, most teams seem to struggle to perform the
same way when they play on stage. Some coaches argued that playing in front of crowds might
be affecting the players, while others said that their opponents in scrims play in a more risky
manner than they do on stage. In scrims, players can develop methods to punish such risky
behavior, but on stage, their opponents may play more conservatively, which is a style the

players did not practice against. This issue of players playing in a riskier way in scrims and
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then switching to a conservative style seems to be a recurring issue, and some teams struggle
because during scrims they do not get to practice against teams that play conservatively. As a
result, in some cases, even when the players perform very well in scrims, they lack confidence
going into a stage game out of fear that they may face a different style than they prepared for.
This issue also reduces the efficiency of training before stage games.

Regarding risky behavior, most players prefer to play that way in scrims to “test their
limits”, as it is a quick way to understand what works and what does not work before an
important match; this kind of attitude may help the player who took risks in a scrim, but it
gives a false scenario to the opponent they practice against. Coach #5 partially supported the
risk-taking behavior in scrims, and added,

“They have always developed by being decisive, not by rationally thinking if every

single move is the optimal move. They check if it is the optimal move by going for the

instinct of decision... it’s a massive process of trial and error.” He also pointed out a

downside for this trial-and-error process: “by focusing on their individual development,

they are making it harder for the rest of the team to individually develop, because the
rest of their team isn 't able to play on what you can say stage circumstances.”

Stage nerves. Esports players are not used to playing on a stage in front of thousands
of people. They are young adults who spend most of their time alone in their rooms in front of
a computer, and the transition from their rooms to a stage is a relatively huge step compared
to traditional sports. In 2020, due to the COVID19 pandemic, the League of Legends European

Champion (LEC) tournament was played online and not on stage, and two teams with new
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rookies were able to stay at the top of the league, and qualified for the world championship.
However, the world championship was played on stage in China, and that seemed to affect the
players in these two teams. Their performance was below expectations, and their coaches
expressed on Twitter that their players were nervous and new to such exposure, and asked the
fans to go easy on them on social media. This incident supports the claim that choking is due
to the training environment being different than final stage environment, and an intervention
such as stress training will allow the players to be familiar with such conditions. Regarding the
impact the difference in playing environment has, Coach #3 said:
“I don’t think the fear of stage is due to a social stimulus... I think it is just a very new
environment where things are very different to what they are used to, the lights are
different, the smell is different, the temperature is different, the sound is different, and
all those are distractions.”
Coach#3 is trying to replicate the conditions, but focused on one element, the physical
stressors, while choking interventions requires both, the physical and social stressor to be

present in the training enviroment.
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Coach #3’s approach was to minimize the effects of physical stressors by replicating
the stage physical experience. This included using the same setup (table, chair, screens,
temperature, etc.) as one that could be expected on stage. Figure 4.1illustrates an example of
how some players prepare their gear before a match, as most players want a setup that will feel
similar to the one in their practice rooms (Kristine, 2021), such as the mouse speed, mouse
pad, chair height, arm rest height, size of the monitor, distance from the monitor, and location

and angle of the keyboard (some players prefer to tilt their keyboards).

Figure 4.1: Players preparing their gear setup and measurements (Kristine, 2021)

These elements are more important to some players than others, but generally, any change in
a given setting will be reflected in a noticeable impact on their performance, as they are
operating on autopilot or what they called “the feel”, and this feel is disrupted by such changes.
Additionally, players on stage play with “white noise” in the background so that they do not
hear the fans (as required by the game rules to ensure competitive integrity); however, players
are not used to having white noise at home or during practice, and sometimes the verbal

communication quality is reduced. Verbal communication on stage is done through headsets,
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and the players can only communicate with each other. Even though the coaches cannot
communicate with the players during the match, however, they can listen to the players’
communications for evaluation purposes. As a result, most teams have started to use white
noise in the background during scrims in order to reduce this physical stressor when they go
on stage (Eric, 2016).

Social media. In Esports, a professional player is more connected to their fans
compared to traditional sports, because the player can randomly meet fans during solo queue
games (the public server) or during streaming. This is because the fans of Esports players can
watch their favorite players stream their solo queue games on streaming platforms like Twitch,
which enables them to watch and communicate live with a player. Moreover, professional
players are active on Twitter, where they communicate with and respond to fans. Another
platform used extensively by the community is Reddit, in which fans can post any topic related
to the game and in some cases express their opinions on players. Players have grown used to
regularly checking Twitch, Twitter, and Reddit, and with the huge amount of information,
especially when related to their performance, it becomes hard for the player to stay focused on
the game. This sometimes leaves the players so stressed out that they play very passively
because they do not want to make mistakes. According to the coaches, this type of issue seems
to be common among new players, but not so much veteran players, and therefore coaches ask
new players to distance themselves from social media to reduce such distractions.

Disappointing the organization and fans. Fears of disappointing the organization or

of losing their jobs are apparent in many players. Coach #1 said,
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“A lot of the pressure comes internally from the organizations themselves . . .

disappointing the organization and risk of losing your job.... a lot of organizations base

their opinions of social media”.
These players are mostly young adults, usually between the age of 18 and 27 and with an
average age of 21 (Smith, 2018), who are often not used to doing much on their own, and so
the transition from their quiet home environments to a gaming house where a team trains is
often a significant shock. Also, given the amount of time they spend playing and practicing,
they have little time to develop skills that would help them transfer to another job outside of
the Esports industry, and so the stakes involved with losing their game-playing job are
relatively high.

Being evaluated. Social media shapes the public opinion on a given player, which may
impact their job. New players are more affected by this than established players. Most of the
coaches agreed that players are stressed about public perception as they enter the stage. Players
are being judged by the fans, teammates, opponents, and the casters (shout casters
commentating on the game). Additionally, spectators (fans watching the game) can watch the
game from the players’ points of view, which allows the spectators to easily detect mistakes
and post them on social media. Fans of an opposing team will usually do this as a form of
social media harassment.

All of these stressors can lead to players choking on stage. As a result, during the
interview, stress training was proposed as an intervention to choking by exposing the players

to social stressors during practice, but the coaches believed that the players were currently
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challenged enough and that more stress might lead to burnout. The coaches have tried what
they called “fan meets”, in which a professional player meets a few fans and discusses the
game they just played. However, they noticed that fan meets after a losing game had a negative
impact on the player’s mentality. Additionally, the coaches believe that Esports players are
relatively more introverted, and that choking interventions (training under stress) worked on
traditional sports players better due to them being more extroverted relative to Esports players.
The coaches expressed that Esports players don’t socialize as often as traditional sports players,

which makes them more sensitive to social stressors.

4.4.5 Evaluating the performance of coaches and players

The coaches unanimously agreed that there is no single best practice to evaluate
coaches and players; however, the current evaluation approaches are as follows.

Evaluation of coaches. This depends on the role of a coach and the goals they are
expected to achieve within the team. Currently, teams evaluate coaches based on results (e.g.,
win/lose ratio), pre-defined goals, and in some cases, through feedback from the players.
Coaches are relatively hard to evaluate, as their roles involve more qualitative factors.

Evaluation of players. Players are evaluated by coaches based on their growth,
progress in week-to-week goals, and overall results (e.g., in-lane wins or losses). For example,
a player in the Mid lane can “lose the lane” by being killed by their opponent. However, there

are no standard quantitative key performance indicators for teams to assess their players.
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The coaches mentioned that fan feedback on social media platforms can influence a
team’s decisions and shape fans’ opinions on players and coaches, and as a result, there have
been cases where teams have either removed or recruited players due to community (fan)
pressure. Increasing the number of fans will make the players feel more support on stage, which
will in turn increase their confidence. Additionally, more fans mean more revenues from
advertisements and sponsorships. Currently, teams are sponsored by a wide range of
international companies such as energy drinks, gaming peripherals, multiple gaming PC
brands, insurance companies, and car companies.

Selection of coaches. Most of the coaches agreed that there was no single best practice
for recruiting and evaluating a coach. Sometimes a team’s top management will ask for
players’ feedback after having a specific coach for a time, but most coaching activities take
place behind the scenes, and it is very difficult to assess a coach’s impact on a team. Currently,
there is no defined career path for someone to become a coach. Ideally, a coach should be a
professional player first, and then transition into coaching. Still, due to Esports being a
relatively new scene, there are not enough professional players who have retired to transition
into coaches. An experienced player transitioning into coaching will have excellent game
knowledge and can therefore earn players’ respect relatively easily, since some coaches
currently suffer from players not respecting their opinions due to the coach not being
mechanically skilled in the game.

Selection of players. There is also no single best practice for assessing and acquiring

a player, but it is a relatively simple task compared to acquiring a coach. Teams and coaches
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rely on the “eye test”, in which they will observe and evaluate a player’s public games. LOL
has a “Pro-view” feature which enables spectators to watch tournament games from a player’s
point of view; this feature aids the spectator in understanding and evaluating a player’s
movements, responses, awareness, and other macro and micro skills. What is lacking, however,
is a method to evaluate new players (rookies). Even though the solo queue game records of
rookie players are publicly available, this is not enough to evaluate a player, as they are playing
both with and against random players, so skills such as teamwork and performing under stress
in high-stakes games are hard to assess. LOL has an application programming interface (API)
in which in-game data are recorded to be used for analysis; however, coaches have expressed
that the data available are not sufficient and seem to be associated with wins and losses rather
than the causes.

Teams and coaches value the following aspects of a player: their growth potential,
communication skills, attitude, and sometimes language in the case that a certain player is from

another region.

4.5 Challenges in LOL Esports

4.5.1 Practice routines in LOL Esports

Coaches and players set weekly goals that they aim to achieve through scrims and solo queuing.
Scrims usually last 6 hours, which includes 6 games against another team and discussions
between games. On top of that, they practice in solo queues for an average of 6 hours at a time.

Total daily practice times are 12 hours on average, with minimums of 8 hours and maximums
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of 15 hours. There are 4 break days during a month (i.e., once a week), but even on those days,
some players choose to play in solo queue games in order to stay ahead of the competition.

During scrims, teams practice their strategies against other professional teams;
however, the level of cooperation between teams is limited. For example, if a team wants to
practice against a team with a specific composition, they do not ask their opponent to adopt
that composition. One reason for this is because a team that cooperates will deviate from their
own objectives, and then the practice time from their point of view will not be sufficient.
Additionally, teams are afraid of revealing information during practice, which disincentives
teams to cooperate. As a result, most cooperation happens between a team and an academy
team, which is a sub-team within the main team’s organization. Every major team has an
academy team, and these teams have their own small tournaments for the purpose of
developing new talent. Sometimes a team practices against its academy team when they do not
want to reveal strategic information to potential opponents.

The coaching staff struggle to keep the players motivated, which leads to players
sometimes not taking scrims seriously. This is common among most teams, perhaps because
of the long working hours, as it is difficult for a player to stay focused when they practice for
12 hours a day, six days a week. Additionally, the game does not have any practice tools for
teams to train on a specific phase in the game or under specific scenarios. As a result, if a team
wants to practice a team fight where all player characters are at their maximum levels, they
will have to play through all the previous phases of the game to level up to that maximum level

before practicing the real deal. This not only wastes time but also makes players feel less
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motivated during practice because they have to play through the “boring” part of the game
first. The reason players need to practice for long hours is because the meta, the best way to
play the game, is constantly changing due to the high frequency of game patches.
Approximately every two weeks, a new “balance” patch is applied to the live servers, in which
some champions and items are “buffed” and “nerfed”. These constant and frequent changes
cause the meta to shift rapidly, and players are therefore continually searching for the best way

to play the game as a result.

4.5.2 Attitude of players

A player with a negative attitude and non-cooperative personality can be damaging to
a team’s environment. There have been many incidences in which players do not cooperate
with their coaches; this seems to stem from the fact that professional players are not used to
playing in a team environment because their initial experiences before becoming a professional
player were in solo queue games with random players, and they gained their skills without the
need to listen to others. One coach said in a public interview:

“I think it is hard for them to respect a coach, I think, part of it is because their success

is derived from them disobeying their parents pretty much, so like, they have had

success by not listening to the big authority figure in their life.”

He further added:

“Putting them in a situation where now they have to go listen to someone, well I mean

they got to where they were not listening to people and now they are being forced to
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listen to, like that’s a weird kind of transition to what they have been used to.” (Travis

Gafford, 2020)

This is a struggle that coaches face when they recruit so-called “ego players”; these players are
usually very skilled but are “hot-headed”, and it takes a great deal of effort to transform them
into team players. Coaches in general avoid recruiting such players, since even though they are
very skilled, they can be very damaging to a team’s environment, and there are no known ways
to deal with them. Coach #1 stated,

“Toxic behavior of Esports players are an issue. In traditional sports they are usually

weeded out through middle school, high school and collegiate programs, where you

learn that such a mentality is not beneficial. But in Esports you don’t have that growing
up into it.”

Stress Management. There is no single best or common approach to stress
management in Esports. Some teams have started using meditation, sport psychology, and/or
going to the gym, which may reduce players’ stress levels. However, there is no empirical
evidence as to whether these methods result in a positive impact on a team.

After evaluating their players’ readiness to practice, one team began using wearable
fitness-trackers to track their heart rate variability (HRV) and sleep to help plan their training
sessions. HRV can be used to assess one’s readiness to tolerate stress on a given day, which
can help a user to determine if they should train or rest that day (Acharya et al., 2007b).
However, at the time of the interview with the coach, that team had only been using HRV

training for 6 weeks, which was not enough to confirm whether it was having an impact or not.
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However, the coach was optimistic and felt that this approach seemed to have potential in

Esports training.

4.5.3 Health issues in LOL Esports

The coaches expressed concerns for both the physical and mental health of the players.

Physical health. The most common physical health issues facing teams are wrist and
back injuries, which are believed to be due to the extreme number of hours players practice
with bad posture. Even though it sounds easy to fix, it is hard to change the players; while they
do fix their form initially, they quickly revert back to bad posture as they start focusing on
matches. Even with good posture, though, long hours of playing and training can still cause
repetitive strain injuries, and teams usually resort to a physical therapist to treat such
conditions. However, players prefer not to rest or take time off because they feel they may lose
their competitive edge and be replaced, and as a result, there have been cases where players
have had to retire at a relatively young age due to the severity of their health issues. For
example, a 22-year-old player known as “UZI”, previously one of the most valued Chinese
LOL players, had to retire in June 2020 due to chronic shoulder and wrist injuries (Emily,
2020b). UZI added, in a public record, “One time | went to the hospital for a checkup and the
doctor said my arms are similar to that of a 40 to 50 year old. ”

Coach #5 and one of his players had wrist issues, and they solved them by lowering the
DPI settings on their gaming mice. DPI stands for dots per linear inch, which controls the

mouse’s sensitivity and speed. When the DPI increases, the mouse’s sensitivity and pointer
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speed will increase. Coach #5 argued that reducing the DPI helped him and his player fix their
wrist issues by gradually adapting to playing with a lower DPI, which is worth exploration in
future research.

Mental health. Players are under a lot of mental stress due to the competitive nature
of the game, and it is very easy for a player to burn out and collapse from the extremely long
practice hours. Also, Esports players take a big gamble by not continuing their studies, because
if they fail at Esports, they have very few skill sets that can be transferred to other professions.

An additional problem noted by one of the coaches was the issue of substance abuse.
This coach expressed his concerns over the growing habit of using Adderall, a stimulant drug
that is used to help increase players’ ability to focus in order to maintain their performance and
stay competitive. We looked into the literature and found a few papers supporting the coach’s
claims that some Esports and casual players in general, not just specific to LOL, are using
performance-enhancing drugs such as Adderall and Ritalin (Bonnar, Castine, et al., 2019;

Holden et al., 2018).

4.6 Need for Future Research

Esports coaching is a nascent research field, and the data in this domain have thus far
been very limited. In the current study, we provided a broad overview of coaching practice by
gathering opinions and comments from professional League of Legends team coaches. A
limitation of the current work is its qualitative approach, but the findings from this study could

support future work to focus on specific issues using quantitative methods, such as training
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under stress which was tested in the next chapter (Chapter 6 — Study 3). The coaches in this
study were asked what answers they hoped to find from the research community and to suggest
what types of research they hoped to see that would help Esports teams, and their requests are
presented as follows:

Identify players’ fatigue levels. Because of the long practice periods, many players
burn out during the season, or at best have a reduced efficiency during practice, and there is a
need to find methods to identify whether a player needs more practice or more rest.

Identify the conditions for peak performance. Each team or player has what the
coaches called a “pop-off” moment, in which a player performs at their peak, and the coaches
expressed the desire to explore whether there is a scientific method that would help them
identify what the conditions were leading up to a particular pop-off moment. Additionally, they
mentioned that they struggled to get their players “in the zone” (i.e., extremely focused), and
did not know whether this was related to a game situation, a mental state, or some other factor.

Coaching best practice. Currently, coaches try their best to help their teams win, with
the methods used depending completely on what the team needs, and they try their best to
educate themselves through looking at other sports. They all agreed that there was no best
practice for coaching, and that they were continuously trying to learn and improve without any
source of guidance. All the coaches expressed the need for a standard for coaching. Also, due
to the lack of performance measures for coaching, it was very difficult to know whether a

coach was doing a good job.
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Identify key performance indicators for coaches and players. Currently, there are
no key performance indicators for coaches or players. Coaches think that it is not currently
possible to evaluate coaches due to their roles being mostly qualitative relative to those of the
players. Additionally, a player’s performance measures will be different for each role, and
currently they rely mostly on the “eye test” (expert subjective evaluation of player game play).

Experimenting with shorter practice time duration. The average daily practice
duration is around 12 hours. Most coaches would like to see if shorter practice times would
yield better results; however, they were not willing to take the risk of the strategy failing,
causing them to fall behind in a tournament. Another solution would be to increase practice
efficiency. Currently, the game client does not allow a player to customize the game, which
means that during practice, both teams will have to join a normal game and play through all
phases of the game, meaning that if a team wants to practice a certain situation in the game,
they cannot skip through the early phases of the game and just practice that situation. As a
result, it would be interesting to study the impact of having such a tool on practice time.

Automation. When coaches and analysts prepare for a match, they need to review
footage of their opponents to identify their strength and weaknesses. Additionally, they also
need to review footage of their own team to identify the same factors in order to generate
strategies and practice routines for that specific match. This process is currently done by
actually watching the games, which is both time-consuming and tedious, and the coaches hope
that with the aid of image-tracking, coding, or other methods, they could review footage more

quickly and reach conclusions faster. Right now, it is not possible for coaches to analyze all
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their opponents, and sometimes they must prioritize which opponents to study and which to
ignore. For example, if a team wants to study only one match for a particular opponent, they
need to review a game, which is on average 30 minutes long, five separate times, because there
are five players on every team and they need to know how each player behaves in certain
situations, thereby identifying the strengths and weaknesses of that team. Of course, to reach a
concrete conclusion, an analyst will need to review more than one match for a particular team.

Supplements. The coaches were concerned about wrist and back injuries, and they
wanted to know whether certain supplements like Omega-3 would reduce or delay such
injuries. According to them, the literature on these subjects was conflicting. They also asked if
there were any natural supplements that would improve cognitive function or at least increase
endurance.

Talent development. This is becoming a trending issue in the North American (NA)
region. Most of the LOL teams in NA rely on imports who are established players from other
regions, and do not cultivate local talent. There is no one clear reason for this lack of talent
development, but it seems to stem from the lack of a method to evaluate a player’s
performance. An additional reason that has been expressed publicly by many experts is the
lack of good scouts. These two problems might be connected in a way, because if there is no
good performance indicator metric, it is hard for a scout to identify good players. The problem
of talent development was discussed heavily on social media platforms after the LOL 2020
world championship, where NA teams were criticized for their performance, which was

perceived as being below expectations. The Cloud9 team owner, Jack Etienne, said on Twitter:
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“I'm incredibly disappointed by the results of our region so far at #Worlds2020. All of
our teams need to reevaluate how we operate as this is not acceptable. Our talent
development, recruitment, and training strategies need to be reviewed and improved

for positive change.” (Oct. 10, 2020, Twitter)

4.7 Conclusions

The results from this interview study allowed us to understand the general information
of coaches such as their roles, their different positions and skill requirements, and evaluation
processes. However, all the coaches expressed a lack of proper performance measures for
coaches and players, with coaches being the hardest to evaluate due to their role having more
qualitative factors.

Esports coaches are facing many challenges, and there are many opportunities to make
their job a little easier. Large portions of their job are done manually and consume a significant
amount of time, such as reviewing match games comprehensively, which takes hours for that
task alone. We were able to understand how coaching is approached in LOL Esports; however,
there does not seem to be a common practice involved because each coach is trying to address
a different problem based on their team’s specific needs. Therefore, there are many research
directions in LOL Esports to explore.

When comparing Esports coaching with traditional sports coaching, three clear
differences are apparent. First, the game rules are constantly changing in Esports. For example,

in LOL, new champions (player-controlled characters) are regularly added to introduce new
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ways of playing, and character strengths are also frequently adjusted to balance the game. As
a result, coaching staff need to explore the new game mechanisms in order to identify the best
strategy, and players need to practice for extremely long hours to maintain their competitive
edge by remaining up to date with the best ways to play after each change. This demanding
workload has caused many players to burn out and be forced to retire at relatively young ages
(e.g., 25 years old), and primarily because of this human toll, better Esports coaching strategies
are needed in order to adapt to the fast pace and rapid evolution of game rules.

Finally, coaches are not willing to add social stress to their training methods because
they believe that Esports players are generally sensitive to social stressors. In fact, the coaches
actively shield players from these stressors during practice sessions, which goes against current
choking intervention theories. The literature shows that a performer should train under the
same conditions they will face on stage, and since Esports players face many social stressors
under actual tournament conditions, these stressors should also be present during practice.
The findings from this study answer the first 5 RQs, and provided enough information to design
an experiment in the next chapter (Study 3), and choose stressors that is relevant to Esports

players.

4.8 Limitations

The current study only interviewed LOL coaches from North America and Europe, and
coaches from China and Korea did not participate in this study. LOL Esports experts believe

that Western regions have significantly different practices than Eastern regions (wavee, 2015);
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(Dafaesports, 2017). A 2018 study explored the LOL culture in eastern regions and their

findings suggests that their training methods are tougher than western regions.
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Chapter 5: Training Under Stress - Study 3

5.1 Introduction

Based on our findings from Study 2, we now know that player's performance on stage
is significantly affected by both physical and social stressors. The literature on choking
intervention suggests that a performer should train under conditions similar to the environment
they will eventually face. For example, if an Esports player will perform on stages with large
crowd noises and cheers, they should be familiar with that environment. The literature suggests
that if the performer feels a large shift in the environment (between practice and stage), they
will choke. In contrast, the literature also suggests that Esports players are more sensitive to
social stressors than traditional sports athletes, and the coaches in Study 2 agree with this claim
based on their experience. The coaches have asked their players to meet fans after the games
to chat and discuss their performance. They noticed that negative feedback from the fans
significantly impacted the player’s mental health and performance and stopped conducting
such an activity.

This study aims to verify if training an Esports player under stress will improve their
performance under stress or burn them out, as the coaches suggested. This was done by
conducting an experiment in which Esports players trained under social and physical stressors
. Study 3 targets the remaining three RQs:

RQ6- Does improving a player's mechanical skill help them perform under stress?

RQ7- Does training under stress improve their performance under stress or burnout?
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RQ8- What is the performance gap between the training methods?

5.2 Procedures

To conduct this experiment we need to, first, determine the task in which participants
will execute to evaluate their performance with and without stress. Next, choosing the physical
and social stressors in the experiment, and how they will be induced. After that, the experiment
design, components, and hypothesis will be illustrated. Following, the methods in which
players will participate in this experiment will be defined. Finally, the data will be collected

and analyzed to answer the three remaining RQs.

5.2.1 Choosing a task

In the stress training literature, usually a task or action is chosen that is easily replicated
and controlled, such as basketball free throws. Below is a list of some of the main actions an

LOL player performs in a game:

-
1

Skill shots

N
1

Dodging skill shots

w
1

Creep scoring

4

Skill shot combo timing

There are many other skills in LOL that test the player’s mechanical skills, but they are

harder to replicate.
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5.2.1 Skill shots

A skill shot is an ability that requires a player to aim their attack accurately and then

launch it at a target. It may hit or miss based on three factors (Schmidt, 2018):
1- The player’s accuracy

2- The range, speed, and hit-box of an attack (a hit-box is the width or radius of an attack;
it can be very narrow like a small thin bullet or very wide and circular, like throwing a
huge ball at the target), as seen in Figure 5.1 and Figure 5.2. In Figure 5.1, the indicator
in front of each champion shows the width and range of an attack. The red arrow
indicates the width or hit-box of an attack. Also shown in Figure 5.1, there are four
additional abilities that a champion can use, some of which are skill shots and others
being “point-click™ abilities, meaning that relatively no skill accuracy is required; e.g.,
if you point the ability at a champion, it will land on that champion and hit them. Figure
5.2 shows a comparison between an ability with a small hit-box and one with a large
one. An ability with a smaller hit-box is generally faster than an ability with a relatively

larger hit-box.
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The red arrow indicates
the attack’s width

The abilities that can
be used by a champion

520/520
469 /469

Figure 5.1: a Champion’s abilities indicators and the hit-box indicator

(Taken by the author from a custom game)

Figure 5.2: Illustrating small and large hit-boxes (taken by the author from a custom game)

3- Predicting a moving target’s position. Players try to keep their champions moving in
random directions to make it harder for an enemy to predict the champion’s location.

If a champion is standing still, it is a relatively easier target than a champion that is

moving and constantly changing directions.
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To use this task in our experiment, the target of the skill shot (which would be another
player) should behave in a similar manner with all participants. We can then assess the
participants’ performance by counting how many skills they hit or miss with. However,
since it is challenging to control and assess their target behavior, this may add an element

of human error to the data.

5.2.2 Dodging skill shots

Dodging skill shots is an essential skill that an LOL players need in order to survive or
win a fight. This skill depends on the speed of the skill shot, the reaction speed of the player,
and the range between them and their attacker. Players usually dodge attacks either by reacting
to them, predicting them, or juking. Juking refers to when a player moves their character in an

intentional pattern to trick an opponent that is trying to predict their direction.

Similar to skill shots, this task may add an element of human error because the player
launching the skill shot need to maintain a consistent aim accuracy against all the participants

to assess their dodging skills.

5.2.3 Skill shot combo timing

Timing is the most important element to amplify the impact of a combination of
abilities launched in a sequence, also referred to as “comboing” or a “wombo combo”. A
combo can be a combination of some or all of the four abilities of a player, or it can be a
combination of the player’s and their team-mates’ abilities in order to maximize an effect or to

increase the chances of accurately striking a target. For example, some champions have
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relatively slow abilities, but their damage is greater than an average attack, and so a team-mate
can help by using abilities to slow down or lock the target in place, also referred to as crowd
control abilities (CC for short), which would increase the chances of a slow but strong attack
hitting a target.

Combo timing can be a determining factor in whether a team fight is won or lost.
Players therefore usually choose champions that complement each other’s abilities, and during
the game, they expect that each player in the team knows exactly when to combine their
abilities. When an opportunity presents itself, all the team members are expected to
immediately launch their part of the combo, as the opportunity window is sometimes a fraction
of a second, which is not enough time to communicate or call the shot.

This skill is also challenging to replicate with every participant, as it requires more
players to be involved in one sample. Additionally, there are many iterations for a combo since

it is not binary, making it a hard task to control in an experiment.

5.2.4 Creep scoring (CS)

Creep scoring (CSing for short), is a standard task a player performs during a regular game
in order to gather gold, the in-game currency used to power up a character. This task depends
on the hand-eye coordination of the players.

Figure 5.3 illustrates the task of creep scoring. Players will need to attack a creep (a
computer controlled character, also known as a minion) by right-clicking with the mouse on a

specific creep. As soon as the player clicks the mouse, the champion (a character controlled by
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the player) will swing his weapon, launching a basic attack, referred to as an auto-attack (AA

for short). This AA travels from the champion’s location to the creep’s location, and strikes it.

Creep score (CS)

i s

Lo Creep HP (hit point)

\

Figure 5.3: Creep scoring (Taken by the author from a custom game)

The attack can be seen in Figure 5.3 as a green-colored projectile on the champion'’s right
side. When an AA strikes a creep, it will lose health points, also referred to as hit points or HP,
based on the strength of the champion. The amount of damage depends on an Attacker’s and
the attacked target’s level, items, and basic stats. These factors affect the amount of damage
suffered by the target. Knowing the amount of damage is important because the player must
deliver a killing blow (i.e., their attack must kill the creep) to the creep in order to be rewarded

with gold (game currency).
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While the champion is attacking an enemy creep, that creep is also being attacked by
allied creeps (the blue-colored creeps). As a result, the player needs to track how much damage
he can deliver, how many HP the creep has, and how many allied creeps are attacking it before
he can perform the killing blow. Additionally, since the champion’s AA (projectile) is not
instantaneous, taking a few fractions of a second to travel from the champion to the target
creep.

A player can check a creep’s remaining HP by 0 A0% 40
first mouse clicking on the creep, and then they can | A' '\ 224 /296

read its remaining HP by looking at the top left corner

of the screen as shown in Figure 5.3. Figure 5.4 is an

enlarged image of the top left corner in Figure 5.3  T'9ure 5:4: Creep’s remaining HP, displayed

on the top left side of a player's screen

showing the creep’s remaining HP.

A player also needs to factor in how many enemy creeps are attacking their creep.
Since the amount of damage when CSing changes due to many dynamic variables, players will
frequently attack creeps to read how much damage their AA is inflicting, as a number will
appear over each creep they strike that indicates the damage done. Notice in Figure 5.5, a
number is displayed indicating that the enemy creep has lost 48 HP due to the attack.
Additionally, its HP bar, seen as a red bar over the creep, shows the remaining HP as a bar, but
without numbers; a player can either estimate how much HP the creep has left based on how

much damage they have dealt, or they can check the actual number by looking at the top left

corner of the screen to read the amount of remaining HP. Usually, players prefer to estimate
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the creep’s remaining HP rather than reading it from the top left corner, since in an actual
match, they are doing this task while an opponent is directly in front of them and they cannot
risk being distracted by looking away when the enemy may attack them at any time.

Creep scoring (CS) is a task that can be easily replicated because the behavior of creeps
does not change. CSing is a relatively quick task that a player can repeat around 8 to 10 times
a minute, meaning that each session can provide a decent amount of data points to analyze in
order to distinguish the difference between participants. Additionally, CS is recorded by the

game automatically.

a8}

AA damage delt
to the creep 4

a » b\

/

Enlarged to illustrate |

Figure 5.5: Basic attack (AA) and illustrating the amount of damage done

(Taken by the author from a custom game)
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Finally, it mimics the choices of tasks in the stress training literature, in which a
participant repeats a task multiple times per session, and maintain the same task difficulty

between samples.

5.3 Social and Physical Stressors

Stress training usually includes a social stressor and a physical stressor. The physical
stressors used in in the literature focus mainly on noisy sounds such as sirens, alarm sounds,
and car horns, while the social stress was induced by informing participants that they are being
watched and recorded, and that their performance will be evaluated. Sometimes the researchers
mention to the participant that a famous player will watch and evaluate their performance or

that their performance will be streamed on live TV and evaluated.

We used a pre-recorded siren alarm sound as the physical stressor for the participants.
Moreover, we used two stressors to induce the feeling of being evaluated. For the first stressor,
an application was developed using C# in which a negative sound is prompted when wrong
actions are made (e.g., participants missing a CS) and a positive sound for correct actions (e.g.,
participants killing a creep). Then, the scores were announced every minute so that the
participants felt that we are tracking their creep score per minute (CSPM). Tracking CSPM
adds pressure because most LOL players aim for 10 CSPM (Moss, 2021); however, 10 CSPM
was not achievable in our 7-minute experiment due to a designed game limitation by which
the creeps’ spawn rate was not linear. The total number of creeps that could spawn in a 7-

minute game was 68 creeps. We choose 7 minutes because it provides more than enough
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achievable samples per session, and at the same time, it is the tipping point at which 10 CSPM
becomes achievable after minute 7 (i.e., minute 8 onwards). It also allows enough time to
induce the stressors, and to minimize human error caused by the experimenter. The
experimenter will need to track CSPM and announce it every minute, trigger the application
that prompts correct and incorrect actions from minute 1 to minute 4 (we started from minute
one into the game because that was when the minions spawned), and finally turn on the siren
sound for the remaining 3 minutes (the siren was paused every minute to announce the CSPM,

and then resumed).

Survey for expected score at 7 minutes

We wanted to know if players would feel pressured when their CSPM was lower than
10 during the experiment, and so a survey was conducted in which 59 participants (silver and

gold ranked) chose one of four options:
In a 7-minute game, it is possible to for you!! to:
1. have 10 CS per minute (a total of 70 CS)
2. have 9 CS per minute (total of 63)
3. have 8 CS per minute (total of 56)

4. Lessthan 8 CS per minute

The survey showed that 64% of the participants thought 10 CSPM was achievable in a

7-minute game (70 creeps), and 24% choose 9 CSPM (63 creeps).
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60/0 Less than 8 CS per minute

8 CS per minute

14 - CS at 7 minutes

9 CS per minute

64 %

10 CS per minute

Figure 5.6: Survey response - How many creep scores are
possible at 7:00 (CSPM)

These results suggest that at least 88% of the participants (64%+24%) expected results
close to a perfect score or higher; we assume that this confidence was because they would
focus mainly on CS and not be distracted by an opposing player. However, the game database
showed that the silver and gold players in 2019 and 2020 (the same period as our experiment),
had an average of 5.32 CSPM (SD: 0.54). Figure 5.6 shows the survey responses. This survey
suggested that most players ranked silver or gold (our participants) may feel they had

underperformed after performing the task.

5.4 Experiment Design

League of Legends ranks players according to their skill level, and places them into
nine different tiers: Iron, Bronze, Silver, Gold, Platinum, Diamond, Master, Grand Master, and

Challenger. The majority of players (65%) are in the Silver and Gold tiers and are considered
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as having average skills (Sabrina, 2022). The experiment followed a design paradigm similar
to that used by Oudejans and Pijpers, where they trained dart players under pressure (R. R. D.
Oudejans & Pijpers, 2010).

We chose a task that is considered challenging for League of Legends players ranked
Silver and Gold on the public server in which they could develop their skills over time; a period
of 3 days was considered enough to show noticeable improvements based on opinions of the
coaches we interviewed and the skill levels of the players according to the LOL database.

We applied both social and physical stressors to players to train them under stress and
assess their performance. Our choice of external stimuli aimed to distract them and trigger the
internal feeling of being evaluated in order to mimic the same stressors Esports players face in
competition, according to our findings from Study 1. Our method did not target a specific
choking theory (Distraction or Self-focus theories), but rather familiarized the participants with

stress, which may reduce both choking theories’ effects (i.e., low performance due to stress).
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Professional players sense the slightest change in the environment (between practice
and stage games), an opinion the coaches unanimously agreed on, such as the height of the
screen, the temperature of the room, and even the monitor backlighting (the contrast of light
behind their monitor) (Sabtan et al., 2022). Therefore, in this experiment, we used two different
maps to provide a change in the environment; one had a forest theme, and the other had a
winter theme, as shown in Figure 5.7. The main differences between the maps (relevant to this
study) are the theme, creeps’ spawn rates, creeps’ HP, and creeps’ armor. The forest-themed

map was used on test days, and the other one on training days.

Test Map : Training Map

LEVEL UP! +1 MBS N L '

Figure 5.7: LOL map theme

The experiment had a duration of 5 days, with a pre-test on day one, a post-test on day five,
and three days of training in between. The required sample size was determined using GPower
(Kang, 2021), an application that determines the sample size based on the required accuracy,

type of statistical analysis, and number of measurements (here, once a day over five
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consecutive days). To achieve an accuracy of a = 0.01, the minimum sample size is considered
to be 54 to achieve the required accuracy in the analysis. However, we aimed for 100 samples
because the experiments were done remotely (during the Covid pandemic, between 2019 and
2020), and it would be challenging to consistently collect the data for an online experiment.
For example, challenges factored into the experiment design included the internet quality of
both the participant and the researcher, participants forgetting to fill the forms, or participants
simply not showing up on one of the experiment days.

Participants were divided into two groups, a control group that trained without stress
and an experiment group that trained with stress. However, to ensure that both groups had
similar portions of silver and gold ranked players among them, the participants were first
pooled into two sets (gold rank in one set, and silver rank in the other) that were then randomly
split into the control and experiment groups. Both groups experienced the same conditions
(i.e., under stress) on the pre-test (to determine the baseline of the performance under stress),
and the post-test (to measure improvements or changes compared to the pre-test). On the
training days (Day 2 to Day 4), however, only the experiment group was subjected to the
stressors, while the other group trained without stress. the sounds of both the siren and the

applications during training days were different to the ones used on test days.
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The experiment design can be seen in Figure 5.8. This is a mixed design experiment
repeated measures, with the days of activity as the within-subject factor, and the type of

condition (training under stress) as the between-subject factor.

| Pre-Test rEsEE

Training |

|
Day1 >Day2 > Day3> Day4 > Day>

Perform

under stress

Experiment Grou|
P P Perform
Trains 3 days under stress under Stress

Post-test

Pre-test

Control Group

Trains 3 days without stress

Figure 5.8: Experiment design (produced by author)

5.5 Experiment Components:
5.5.1 Dependent variables (DVs):
These are the variables we monitored to measure an effect.
1- Creep score percentage: We want to measure the creep score percentage, which will
indicate whether or not a participant is improving under both conditions over time. The
creep score is recorded by the game application, and the scores will have a range of 0%

(no creeps eliminated) to 100% (all creeps eliminated)
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2- Perceived stress: We want to capture the changes in perceived stress (after-minus-
before the experiment) over the duration of the experiment, this will allow us to detect
if the session increased or decreased their stress levels. The participants’ stress levels
were recorded using the Dundee Stress State Questionnaire (DSSQ) (Matthews et al.,
2013b). The DSSQs were filled out by using a Google form before and after each
experiment. The participants rated their responses from 1 (not at all) to 5 (extremely).
Finally, the perceived stress results after the experiment will be subtracted from the
results before the experiment to assess the changes in perceived stress due to this

experiment.

5.5.2 Independent variables (1Vs):

These are the variables that we changed to manipulate the values of the DV:
1- Type of training, training with and without stress, is the between-subject variable.
2- Duration of training, is the within subject variable. The experiment’s duration is five
days. This variable aims to verify whether training under stress over time will improve

performance under stress.

5.5.3 Covariate:

1- Player’s rank. The participants were chosen based on their ranks (silver and gold tier).
However, within each tier, there are four sub-ranks (i.e., gold-1, gold-2, etc.). We
captured their ranks when they filled out a Google application form. This covariate will

be statistically tested if it has any effect on the dependent variables.
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2- Age. Each player's age was collected using the Google application form. There is a
debate among the Esports community over whether a player's mechanical skills
deteriorate with age or not (a player aged 25 or older is considered “old”) (Horridge,
2017; Nick, 2020). This variable allows us to detect the existence of patterns in the
dependent variables due to age.

3- Years of Experience playing LOL. We want to see if this variable has any effect on the
dependent variables; specifically, stress tolerance.

4- Personality (Introvert/Extrovert). The coaches claimed that the stress training may not
work on Esports players because they believe are more introverted. As a result, the
participants’ personalities were measured by using the 16-personality test, which shows
introversion and extroversion percentages (two variables) and where adding both
scores result in a value of 1. The aim was to use one variable only. The variable
personality was determined by taking the value of the introversion minus the
extroversion. The personality value will have a range between +0.5 and -0.5; if the

value is higher than 0, a person is more introverted, and vice versa.

5.5.4 Control Variables:

1- Champion: Some champions are easier to perform with when creep-scoring than others.
All participants played using the same champion (character), named “Karthus” during
this experiment. What determines an easy or a hard champion in this task is the speed

of their attack (known as attack windup), and the amount of damage the attack delivers

93



(known as attack damage [AD for short]). The champion Karthus is on the lower end
of both of those aspects (LOLWiki, 2020).

2- Lane: Some lanes are longer than others, which affects the time creeps reach a lane.
The creeps spawn from the Nexus, the main base, and then move through a lane until
they clash with the opposing team's creeps. The crash location is usually in the center
of a lane. The time it takes for a creep to reach the center of the lane varies from lane
to lane (Mobalytics, 2018). We choose the Mid lane to remove any differences caused
by lane choices, and also because the Mid lane is shorter, leading to the creeps arriving

faster, which gives the participant less time to score.

The experimental design allowed us to learn whether the players in the experiment
group would develop tolerance to the stressors, or burn out and quit (as the coaches
hypothesized). The control group (training without stress) allowed us to verify and quantify
the coaches’ theory that training a player's mechanical skills would increase their confidence
and help them tolerate the on-stage stressors. As well, observing the experiment group
determined whether the participants would improve or burn out under social stress training.
Finally, both groups were statistically compared and analyzed to determine which was the
better method as well as the gap between methods. The gap between methods was studied in
order to enable coaches to make informed decisions, given the risks and benefits, about

whether they should train the players under stress or not.
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5.6 Hypotheses

There are two hypotheses, ours and the coaches’:

a- Coaches’ Hypothesis:

The coaches’ hypothesis posited that training an Esports player’s mechanical skills

would lead to improvements in their confidence, which in turn would lead to improved
performance under stress. If players in the control group show improvement on Day 5
compared to their performance on Day 1, we can conclude that improving Esports players’
mechanical skills does indeed improve their performance under stress.
Additionally, under the coaches’ hypothesis, players will experience burnout if they train
under stress, leading to a decline in their performance. Therefore, if the experiment group’s
performance deteriorated over time, it can be concluded that training Esports players under
stress will lead to burnout.

b- My Hypothesis:

Under my hypothesis, training a player’s skill under stress will significantly improve
the player’s performance under stress. If the performance of the experiment group shows
an improvement on Day 5 compared to Day 1, it can be concluded that training under stress
improves performance under stress. If so, then the coaches' hypothesis (that Esports players

training under stress will experience burnout) will be rejected.
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5.7 Recruitment

Participants were recruited using “team-finding” websites. Players use these websites
to look for a partner to play together with. One can see a player's rank and match history, chat
with them, and add them as friends on these websites. We used a Google form link to invite
participants to the experiment. The Google form explained the relevant details of this study,
and asked for the participants’ main information, such as their ranks, ages, years of experience

playing the game, and contact information.

5.8 Results and Analysis

The information obtained from the experiment was collected and analyzed using SPSS
(IBM Corp, 2019) to answer the three remaining research questions:

RQ6- Does improving a player's mechanical skills help them perform under stress?

RQ7- Does training players under stress improve their performance under stress or burn

them out?

RQ8- What is the performance gap between the two approaches?

The demographics of the participants were analyzed first in order to ensure consistency
between the control and experiment groups, followed by a paired-sample t-test to determine
whether the differences in performance and stress between Day 1 and Day 5 were statistically
significant. Finally, a repeated measures ANOVA test was conducted to identify factors that
had a main or interaction effect on changes in the performance and stress during this

experiment.
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5.8.1 Demographics

72 samples were collected (70 males, 2 females), with age information (M=19.91,
SD=2.18, range 18-28 years), of whom 34 participants (33 males, 1 female) were assigned to
the control group (which trained without stress), and the other 38 (37 males, 1 female) were
assigned to the experiment group (which trained under stress).

The average ranking of the participants was between Silver-1 and Gold-4, with each
tier, Silver and Gold, having 4 levels, 1, 2, 3, and 4, with 4 being the lowest ranking and 1
being the highest. Silver and Gold are the ranks where the majority (65%) of LOL global
players are placed (Sabrina, 2022). Our sample covered the player ranks from silver-4 (lowest
silver rank) up to gold-1 (highest gold rank). The breakdown of the players’ ranks in our sample

is further elaborated upon in Figure 5.9.
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Figure 5.9: Rank distribution of Participants
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Esports players believe that a player’s mechanical skills deteriorate as they age, and
one paper explored this hypothesis and found that players’ performance levels started to
decline after the age of 24 (Thompson et al., 2014). Using age as a covariate may provide a
hint or show a correlation between the age of players and their performance. The age
distribution can be seen in Figure 5.10, having the x-axis representing age and the y-axis
representing number of participants. The participants had a mean age of 20.54 (SD: 2.62, range

18 to 28 years old).

Age Distibution
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Figure 5.10: participants age distribution (x-axis represent the age)

The number of years of experience of each participant was collected, with the mean
being 3.58 years (SD=2.08, range 1-10 years). Figure 5.11 shows the frequency distribution
of the participant’s years of experience playing LOL. The x-axis represents the number of years

while the y-axis represents number of participants.
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Figure 5.11: Participants experience playing LOL

(x-axis represent the number of years)

The 16-personality test score shows the introvert-extrovert scores on a scale. For
example, a person with a 0.55 introvert score will have a 0.45 extrovert score (summing both
scores will result in a value of 1). Therefore, the higher the introvert score, the more introverted
a person is, and the less extroverted they are (a score of 0.50 is nuetral). The personality test
showed that 57% of our participants are introverted and 43% are extroverted.

A meta-analysis of 58 studies by Allen et al (Allen et al., 2021), found that 39 of the
studies showed that athletes were more extroverted than non-athletes (16 showed no difference,
and 3 showed that athletes were more introverted). The studies showing that athletes were more
introverted had very small sample sizes and were sports that they identified as “low-risk”,
which is generally considered a sport that is not in a team setting, and has low stakes and few

fans watching (such as marathons, weightlifting, golf, bowling). Overall, there is convincing
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evidence that people who participate in sports are, on average, more extroverted than those
who do not participate in sports, and studies have shown that extraverts make up 70% of
athletes and 60% of the normal population (Allen et al., 2021; Reiter et al., 2007).

The participants personality data in the current experiment suggest that Esports players
are more introverted than athletes in traditional sports and the normal population. This may

explain the coach’s claims that their players are senstive to social stressors.

5.8.2 Baseline of performance and stress on the pre-test (Day 1)

The differences in performance between the control group (N= 34, M= 56.52, SD=
5.04) and the experiment group (N= 38, M= 57.85, SD= 4.38) was not significant, (t (70) = -
1.20, p = 0.23). Also, the differences in the change in perceived stress (after the experiment
compared to before the experiment) between the control group (N= 34, M= 3.54, SD= 0.38)
and the experiment group (N=38, M=3.49, SD= 0.41) was not significant, (t (70) = 0.55, p =
0.58). As a result, both groups had similar baselines scores in the pre-test, as seen in Figure

5.12.
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Figure 5.12: Performance and stress (stress after the experiment minus before the
experiment) scores on the pre-test (Day 1)

(The differences between groups are not statistically significant)

(Error bars represent 95% confidence interval)

5.8.3 Paired T-Test

A paired sample t-test was conducted to determine if the differences between the means
of pre-test and post-test were significant, first for the performance score, then the perceived
stress score.

Performance: The control group’s performance slightly improved on the post-test

(Days 5) (M=58.65, SD= 4.57) compared to their pre-test (M= 56.52, SD= 5.04), this

improvement, 2.13, was statistically significant, (t (33) = 2.06, p = 0.047). On the other

hand, the experiment group’s performance had a large improvement on the post-test

(M= 71.01, SD= 4.26) compared to their pre-test (M= 57.85, SD= 4.38), this

improvement, 13.15, was statistically significant, (t (37) = 19.56, p < 0.000).
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Stress: The control group experienced less stress on post-test (M= 2.79, SD=0.73)

compared to that on the pre-test (M= 3.54, SD= 0.38); difference was significant, (t

(33) =-5.76, p < 0.000). The experiment group also experienced less stress on the post-

test (M= 2.35, SD= 0.75) compared to the pre-test (M= 3.49, SD= 0.41), which was a

significant improvement, (t (37) =-7.80, p < 0.000).

Although both groups demonstrated better performance after the training, the
experiment group (trained under stress) improved over five times more than the control group
(trained without stress), as seen in Figure 5.13. On the other hand, both groups had a

significantly lower perceived stress on the post-test than in the pre-test, shown in Figure 5.14.

Stress: pre-test vs post-test Performance: pre-test vs post-test
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Error Bars: 95% CI Error Bars: 95% CI
Figure 5.14: comparing the stress scores between the Figure 5.13: comparing the performance scores
pre and post test for both groups between the pre and post test for both groups
(Error bars represent 95% confidence interval) (Error bars represent 95% confidence interval)
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5.8.4 Performance: test-days repeated measures ANOVA results and analysis:

The performance before and after both training methods can be seen in Figure 5.15, in
which the experiment group's performance is noticeably larger than the control group's.
Therefore, a repeated measures ANOVA was conducted to find the factors that had a
significant main or interaction effect on the differences in performance during test-days.

The test days repeated measures ANOVA showed that the group factor (training with
or without stress) had a significant main effect on the change in performance, (F (1,66) =
61.63, P < 0.000, no*>= 0.483), and a significant interaction effect with days (test-days*group),
(F (1,66) = 74.33, p < 0.000, #7p? = 0.530). The rank of players also had a significant main
effect on the performance, (F (1,66) = 18.17, P < 0.000, n,*> = 0.216), but no significant
interaction effect with days (test-days*rank), (F (1,66) = 1.955, p = 0.167, s> = 0.029). The
significant factors that had a main or interaction effect on the performance can be seen in Table
5.1. The remaining factors, age, experience, and personality, had no significant main or

interaction effect (p > 0.05). The details of the non-significant factors can be seen in Table 5.2,
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Figure 5.15: Performance during test days

(Error bars represent 95% confidence interval)

Main/Interaction

Effect af F P "

Group (1, 66) 61.63 <0.000 0.483

Rank (1, 66) 18.178 <0.000 0.216
Test-Days x Group (1, 66) 74.32 <0.000 0.530

Table 5.1: Significant main/interaction effect factors
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Main/Interaction 2

Effect af F P e
Test-Days (1, 66) 0.243 0.624 0.004
Age (1, 66) 0.171 0.681 0.003
Experience (1, 66) 0.433 0.513 0.007
Personality (1, 66) 2.232 0.14 0.033
Test-Days x Age (1, 66) 2.448 0.122 0.036
Test-Days x Rank (1, 66) 1.955 0.167 0.029
Test-Days x Experience (1, 66) 0.125 0.725 0.002
Test-Days x Personality (1, 66) 0.645 0.425 0.010

Table 5.2: non-significant main/interaction effect factors

5.8.5 Performance: training-days repeated measures ANOVA results and analysis:

Both groups showed a consistent improvement during the three training days. The
control group’s performance on Day 2 was (M= 60.00, SD= 4.02), Day 3 (M= 63.90,
SD=4.72), and Day 4 (M= 67.99, SD= 6.45). In contrast, the experiment group’s performance
on Day 2 (M= 54.85, SD= 4.72), Day 3 (M= 59.93, SD= 5.20), and Day 4 (M=65.78, SD=
6.61). Overall, the control group had higher performance means during training days than the
experiment group, as seen in Figure 5.16. A repeated measures ANOVA was used to determine

if the differences in performance between groups were solely due to the group factor (training
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with and without stress), and if any other factors influenced the differences in performance

during training days.

Performance over the training days (Day 2 to Day 4)
Group
Contral
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55.000000000000000

Day 2 Day 3 Day 4

Error bars: 95% CI

Figure 5.16: Performance during training days (day 2 to day 4)

Mauchly’s test indicated that the sphericity assumption was violated, (y*(2) = 34.83, p
< 0.000). As a result, Greenhouse-Geisser corrected results were reported (¢ = 0.707). The
group factor had the highest significant main effect on performance, (F (1, 66) = 14.43, p <
0.000, #7p2=0.179), followed by rank, (F (1, 66) = 5.11, p = 0.027, 5,> = 0.072), and lastly age,
(F (1, 66) = 4.42, p = 0.039, 5,> = 0.063). Additionally, there was a significant interaction
between rank and training-days (training-days*rank), (F (1.14, 93.30) = 3.53, p = 0.049, #p> =
0.051), the significant main and interaction effects on performance can be seen in Table 5.3,
and the remaining non-significant main or interaction effects on the performance during
training days are listed in Table 5.4.
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Main/Interaction

Effect f F P e’
Group (1, 66) 14.43 <0.000 0.179
Rank (1, 66) 5.11 0.027 0.072
Age (1, 66) 4.42 0.039 0.063
Training-Days x Rank (1.14, 93.30) 3.53 0.049 0.051

Table 5.3: training-days significant main/interaction effects on performance

Main/Interaction

Effect f F P v’
Experience (1, 66) 241 0.125 0.035
Personality (1, 66) 0.15 0.704 0.002

Training-Days (1.14, 93.30) 1.06 0.331 0.02
Training-Days x Age (1.14, 93.30) 1.36 0.256 0.02
Training-Days x Experience  (1.14, 93.30) 0.20 0.741 0.00
Training-Days x Personality  (1.14, 93.30) 0.04 0.915 0.001
Training-Days x Group (1.14, 93.30) 1.54 0.222 0.023

Table 5.4: list of non-significant main/interaction effects on the performance during training days
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The performance of the five days experiment can be seen in Figure 5.17 and Table 5.5.
This analysis indicates that both training methods had a statistically significant positive impact
on performance under stress. Yet, training under stress was five times more effective than
training without stress. The #,? suggests that the group factor a large main effect and interaction
effect with test-days on the changes in performance. Nevertheless, notice in Figure 5.17 that the
experiment group under-performed on Day 2 compared to their performance on Day 1,
indicating that the coaches’ concerns regarding burnout might be correct. Still, the experiment

group recovered from Day 3 onwards.

Performance Over Five Days

75.000
20.000 71.014
65.000
60.000
58.653
55.000
50.000
Day-1 Day-2 Day-3 Day-4 Day-5
Pre-test Training days Post-test

—e—Control Group  —e—Experiment Group

Figure 5.17: Participants performance overtime

‘ Day 1 ‘ Day 2 ‘ Day 3 ‘ Day 4 ‘ Day 5
Control Group 56.52%  60.00%  63.90% = 67.99%  58.65%
Experiment Group ‘ 57.85% ‘ 54.85% ‘ 59.93% ‘ 65.78% ‘ 71.01%

Table 5.5: Participants performance values overtime

(The value represents the percentage of creeps scored)
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5.8.6 Stress: test-days repeated measures ANOVA results and analysis

The paired t-test, in section 5.8.3, showed that the participants had less perceived stress
in the post-test than in the pre-test, as shown in Figure 5.18. In this section, a repeated measures
ANOVA was used to determine which factor had a main or interacting effect on the changes
in perceived stress during test days. The results showed that all the factors had no significant

main and interaction effects on the changes in the perceived stress changes during the test days.

The details of the analysis can be seen in Table 5.6.

4 000

3.500

3.000

Perceived stress

2500

Perceived stress: pre-test vs post-test

Pre-test Post-test

Test Days
Error bars: 95% Cl

Group

Control
= Experiment

Figure 5.18: perceived stress during test days

(Error bars represent 95% confidence interval)
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Main/Interaction

Effect f F P o’
Age (1, 66) 0.071 0.791 0.001
Experience (1, 66) 0.621 0.433 0.009
Rank (1, 66) 0.407 0.526 0.006
Personality (1, 66) 0.479 0.491 0.007
Group (1, 66) 3.915 0.052 0.056
Test-Days(stress) (1, 66) 0.031 0.861 0.000
Test-Days(stress) x Age (1, 66) 1.079 0.303 0.016
Test-Days(stress) x Experience (1, 66) 0.104 0.748 0.002
Test-Days(stress) x Rank (1, 66) 0.699 0.406 0.010
Test-Days(stress) x Personality (1, 66) 1.498 0.225 0.022
Test-Days(stress) x Group (1, 66) 2.312 0.133 0.034

Table 5.6: list of non-significant main/interaction effects on the changes in perceived stress during test-days

5.8.7 Stress: Training-days repeated measures ANOVA results and analysis

The perceived stress decreased consistently during the training days. The control
group’s perceived stress on Day 2 (M=3.08, SD=0.87), Day 3 (M=2.65, SD=0.80), and Day 4

(M=2.11, SD=0.56). In contrast, the experiment group’s perceived stress on Day 2 (M=3.46,
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SD=1.02), Day 3 (M=2.68, SD=0.77), and Day 4(M=2.04, SD=0.57). The changes in
perceived stress during training days can be seen in Figure 5.19.

Mauchly’s test indicated that the sphericity assumption was violated, (y*(2) = 14.83, p
= 0.001). As a result, Huynh-Feldt corrected results were reported (¢ =0.831). The results
showed that rank had a significant main effect on the changes in stress levels during the training
days, (F (1, 66) = 4.80, p = 0.032, 7> = 0.068), while group and training-days
(TrainingDays*Group) had a statistically significant interaction effect on the changes in the

perceived stress levels, (F (1.83, 120.63) = 4.279, p = 0.019, 7,2 = 0.061).

perceived stress changes over the training days (Day 2 to Day 4)
4.000 Group

=== Control
—_ = Experiment

3.500

3.000

2,200

perceived stress means

2.000

Day 2 Day 3 Day 4

Errar bars: 95% Cl

Figure 5.19: perceived stress changes during the training days

(Error bars represent 95% confidence interval)
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Main/Interaction

2

Effect af F P Ip
Rank (1, 66) 4.800 0.032 0.068
TrainingDays x Group 1(21(')85’3’,) 4.279 0.019 0.061

Table 5.7: significant main/interaction effects on the changes in perceived stress during the training days

The significant factor’s main/interaction effects are listed in Table 5.7. The remaining factors
had no significant main/interaction effects on the changes in perceived stress, and are listed in

Table 5.8. The perceived stress over the five days experiments can be seen in Figure 5.19.

Mag;gé(teraction df = 0 e
Age (1, 66) 0.000 0.999 0.000
Experience (1, 66) 0.172 0.680 0.003
Personality (1, 66) 1.428 0.236 0.021
Group (1, 66) 0.223 0.639 0.003
TrainingDays 1(216?5:5) 2,062 0136  0.030
TrainingDays x Age (1.83, 0.416 0.642 0.006
120.63)
Tr;‘;;g?igﬁé’j x 1(216%) 1.070 0341 0016
TrainingDays x Rank 1(210853) 0.575 0.549 0.009
TagDue X (e o osw oo

Table 5.8: list of non-significant main/interaction effects on the changes in perceived stress during training days
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Preceived Stress - over five days

2.80

236

—e—Control —@— Experiment

Figure 5.20: stress during the five day experiment

5.8.8 The relation between stress and performance:

This section examined the experiment data to determine if there is a relation between the
participant’s perceived stress change and their performance. Hence, a linear regression and
correlation analysis was performed on the data for each group and each day separately (a total
of ten tests, which includes the five days data for each group) to test if a relation exists,
specifically, if the differences in performance might be affected by the participants perceived
stress, which may, for example, explain why the experiment group had lower performance on
Day2 compared to day 1, and also it may explain why the control group had lower performance

on Day5 compared to Day4.
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Only two out of the ten tests were found to be statistically significant: Day 3(only the
control group) and Day 4 (only the control group). Day 3 (control group) regression analysis
indicated that the two predictors (performance, and perceived stress change) may explain 19%
of the variance (R?=0.19, F (1,32) = 7.49, p = 0.01) and are significantly correlated (r (34) =
0.43, p =0.005). Additionally, Day 4 (control group) regression analysis indicated that the two
predictors may explain 14.5% of the variance (R?= 0.145, F (1,32) = 5.42, p = 0.026) and are
significantly correlated (r (34) = 0.38, p=0.013). The linear regression plot for Day3-control-

group and Day4-contorl-group are shown in Figure 5.21 and Figure 5.22, respectively.

Stress/Performance Regression (Day3- control group)
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Figure 5.21: Day3-control-group regression
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StressiPerformance Regression (Day4-control-group)
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Figure 5.22: Day4-control-group regression

Although both Day3 and Day4 showed a significant relation between the performance and
the perceived stress change, the R2 values are considered low. Moreover, eight out of the ten
tests were not statistically significant (p > 0.05), indicating that the perceived stress changes
may not influence the patterns and differences in performance over the five days experiment.
This might be due to individual differences of stress tolerance. Since this study is not designed
to examine such a relation within each individual, future studies might be needed to manipulate
stress levels for the same participant on the same task complexity to detect if such a relation

exists.
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Finally, this finding is consistent with the results of training under stress in other domains.
Training under stress may not necessarily reduce the perceived stress significantly but rather
familiarize a person with the conditions (social and physical stressors) present in the

environment.

5.9 Discussions and conclusions

The analysis results demonstrate that the participant’s performance under stress improved
in both groups and that the difference in performance between the two groups over time may
be attributed primarily to the group in which the participant was assigned. The group factor
had a significant large main effect, (F (1,66) = 61.63, P < 0.000, np> = 0.483), and a large
interaction effect with days, (F (1,66) = 74.33, p < 0.000, np2 = 0.530), on the improvement
in performance. In other words, training under stress over time yields better results, and in this
case, over five times better than training without stress over time. Moreover, the rank of players
had a significant large main effect, (F (1,66) = 18.17, P < 0.000, np2 = 0.216), on the
performance improvements. The control group did improve under pressure by training their
mechanical skills without stress, which is not similar to the findings in the literature. The
literature on training under stress consistently demonstrated that training without stress in
traditional sports and police subjects would not significantly improve performance under
stress.

The rank of players had a significant main effect on the changes in stress, (F (1, 66) = 4.80,

p = 0.032, 5,2 = 0.068), and the group had an interacting effect with training days on the
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changes in stress during test days (TrainingDays*group), (F (1.83, 120.63) = 4.279, p = 0.019,
ne? = 0.061). The experiment group, remarkably, had less stress, (M=2.04, SD=0.57), on the
last training day (Day 4) compared to the control group (M=2.11, SD=0.56); These data points
were analyzed and the results showed that the differences in stress between groups on Day 4
was not statistically different. Yet, it is interesting that both groups had the same perceived
stress on Day 4 even though they were under different conditions. Training under stress did
not change the perceived stress as dramatically as the performance between groups on Day 5,
which is similar to the results in the literature.

The existing, but limited, literature suggests that Esports players a relatively more sensitive
to social stress than traditional sports athletes, a statement that the coaches agree with based
on their observation and limited experimentations. However, these claims are backed by
limited studies and observations. The findings in our experiment may add some clarity to
assessing the accuracy of their findings. The literature consistently found an association
between introverts and sensitivity to social stress. Yet, the existing literature does not confirm
that Esports players are generally more introverted, which, if true, would add more credibility
to their statements.

Most of our sample are introverts (57% introvert, 43% extrovert) relative to traditional
sports athletes (40% introvert, 60% extrovert), and based on the literature, and it is safe to
assume that introverts (Esports players) are more sensitive to social stressors. However, our
findings showed that such sensitivity was not significant enough to influence the effectiveness

of training under stress.
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The control group, just like the coaches hypothesized, improved under stress by training
their mechanical skills only, which answered RQ6 (does improving a player's mechanical skills
help them perform under stress?). The players’ skills consistently improved over the course of
training; however, they were only able to retain 82% of their improvement from Day 4 on Day
5 (their performance dropped on average from 67.99% on Day 4 to 58.65% on Day 5, while
under stress). In contrast, while the experiment group did show signs of burnout, as the coaches
expected, over time, they demonstrated consistent improvement afterwards up to Day 5. These
findings answer RQ7 and RQ8, allowing the coaches to quantify the risks and benefits and
make data-driven decisions while selecting a training method. This study also provides the
building blocks to design an intervention based on the current physical and social stressors that

are influencing a player’s performance.

5.10 Limitations

In this chapter, stress was measured by using a self-reporting method, and it may be valuable
for a future study to use physiological measures such as heart rate variability (HRV) or galvanic
skin response (GSR) to eliminate any human-factor errors caused the participants mis-

evaluating their perceived stress.

The introvert/extrovert data may represent the majority of the LOL population; however, our
findings do not confirm whether or not professional Esports players are more or less
introverted. The coaches are still convinced that professional players are generally extremely

introverted, but our findings do not confirm or debunk whether players that become
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professionals and make it to the top (top 0.013% or 99.987 percentile) are extremely

introverted.
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Chapter 6- Contributions and Discussion:

This study investigated the repetitive choking phenomena in Esports by exploring the
existing literature to find suitable solutions and implement them. Esports research is in its
infant stages, making it hard to understand its current challenges and solve them with solutions
from other domains such as traditional sports. Training under stress is a choking intervention
that improves a person’s performance by familiarizing them with an environment, specifically
the physical and social stressors; this is achieved by training a performer under conditions
similar to the stage conditions.

The literature on choking explains how training under stress improves performance under
stress, which enabled this research to understand the elements required to tailor an appropriate
solution for Esports players. First, an in-game task (an activity that, if improved, would
influence a game’s result) and its performance measure were required to detect the changes
throughout the training. Then, the physical and social stressors affecting Esports players must
be identified, along with the existing coaching and training methods, to know what is missing.
However, the existing research on Esports does not provide enough information to design such
an intervention for Esports. To this end, three studies were conducted to bridge these gaps and
finding a solution to the constant occurrence of choking. Study 1, focused on finding
performance indicators to assess the performance of a player before and after an intervention.

Study 1 found that CSPM (creep scores per minute) is a consistent indicator in both the game
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public data and the official tournament data base. This finding was used later in Study 3 to
assess the effectiveness of training methods.

Study 1 also suggested two new performance indicators that have the potential to predict
games: spending efficiency and champion damage utilization. Spending efficiency was found
to be a statistically significant factor between winning and losing teams. However, further
investigation is required to verify its accuracy in predicting future games. The champion
damage utilization (DU) was only tested on two samples (1vsl & 5vs5 fights) because it can
only be calculated manually. The 1vsl (two players) fight took over 4 hours, while the 5vs5
fight (10 players) took a few days to calculate. The processing time to calculate the DU
exponentially increases based on the number of players involved. The DU requires to be
automated to confirm its viability.

The literature on Esports coaching and training method is nonexistent, prompting Study 2,
in which we interviewed LOL Esports coaches to understand the details behind the scenes.
Study 2 took the initial steps to establish a baseline of knowledge for coaching in Esports;
specifically, the social and physical stressors causing a choke, the role of a coach in Esports,
the current practices of coaching in Esports, and the challenges they face.

Study 2 showed that players train 12 hours a day on average, making it difficult for the
coaches to keep the players motivated. Also, players face many mental stresses, with social
stress seeming to be the most dominant. The most common health concerns are wrist and back
injuries. Some coaches expressed a growing concern that some players across all Esports are

using performance enhancing drugs such as Adderall and Ritalin.
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The findings from Study 2 address some of the literature gaps and provide details that
enable the reader to understand the current state of teams, coaching, players, and LOL Esports.

There are many opportunities to make Esports coaching a little easier. A large part of their
job is done manually and consumes a significant amount of time such as reviewing match
games, which will take hours to review from all the players’ perspectives (10 players in an
official 5vs5 match). Additionally, there does not seem to be a common practice because each
coach is fixing a different problem based on the team’s specific needs. There is a common
agreement that coaching staff are essential to the success of a professional team. In particular,
there is a need to hire more coaching staff to support the needs of the teams such as sport
psychology.

This study found some significant differences between Esports coaching and traditional
sports coaching. First, game rules are constantly changing in Esports. In LOL, new champions
(the player-controlled characters) are regularly added to introduce new ways of playing, and
character strength is also frequently adjusted to balance the game. As a result, the coaching
staff must quickly understand the updated game mechanisms and identify the best strategies
(known as “the meta”), and players need to practice for extremely long hours to adapt to the
meta and maintain a competitive edge. This demanding workload has caused many players to
burn out and have to retire at a relatively young age (e.g., 25 years old).

In traditional sports, players are often coached, trained, and selected from an early age;
however, Esports players usually play on their own without any coaches until they join a

professional team; This makes it hard for a coach to gain the trust and acceptance of Esports
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players. Additionally, it appears that Esports coaches and researchers need to focus on mental
skills such as mental capacity, working memory, attention, workload, and mental stress. While
in traditional sports, more time is dedicated to physical capacity and skills.

Some coaches tried to mimic the stage environment in their practice room because they
observed that their players feel the slightest change in the environment, which affects their
performance. However, they only focused on the physical stressorssuch as the temperature, the
chair and monitor location, and the brightness of the room light. Though, they shielded the
players from the stressors. This finding helped to determine the missing elements in their
choking prevention that caused it to fail, and encouraged us to conduct an experiment in which
Esports players are trained under conditions that includes both social and physical stressors.
The stressors we identified range from external factors (i.e., crowds, environment, noises, team
management, teammates, and coaching) and internal factors (i.e., worries related to
performance, confidence, and fear of being evaluated).

Study 3 successfully illustrated that Esports players might benefit from training under
stress. Moreover, the study quantitively identified the effectiveness of training with and
without stress. Our result showed that player’s performance might be harmed initially. The risk
of burning out a player when training under stress exists in the first two days, but our results
suggest that they can recover and continue to improve from Day three onwards. The
experiment group performed over five times better under stress than the control group that

trained without stress.
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The experiment findings are in line with existing literature regarding the benefits of training
under stress. Nevertheless, the group trained without stress did show improvements when
performing under stress, which conflicts with the existing literature. The literature suggests
that training mechanical skills alone will not significantly impact performance under stress.

Our findings offer choices to the coaches showing the risks and benefits of each choice. If
the coaches want to fix a problem and minimize the risks quickly, they can train them without
stress, which may slightly improve their performance under stress. However, if they decide to
train the players under stress, they risk a chance of burnout but gain an opportunity to
significantly improve their performance. Training with stress seems to take a relatively long
time due to the initial drop-down in performance. Thus, a coach who will adopt this method
should choose this option if they have enough time to accommodate the initial drop in
performance. These results were shared with some coaches (three out of the six coaches we
interviewed and an additional two new ones). They had not expected training under stress to
have such an impact, so the challenge was to tailor a solution for professional players. The
creep scoring task under stress is not enough to challenge a professional player, but this
research enables a user to understand how this model functions. If a coach wants to train
players under stress, we suggest they mimic the social and physical stressors that are affecting
their players performance. Final and semifinal matches usually host tens of thousands of fans,
and players have expressed that the ground shakes when the crowd gets excited, and they can
hear them cheer or "boo". Since the players can feel the fans' excitement, they can also hear

them when their characters die because the enemy team's fans are cheering. This can be
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identified as a social stressor that might significantly negatively impact a player's mental state
and performance during a match. Professional Esports players should train “scrim” under such
stressors by artificially creating noise, ground-shaking, and cheer/boos when a player kills an
enemy character or their character dies.

If we assume that a better training method might be relatively slower, then a team using
such a strategy may initially see the performance illustrated in Figure 6.1 below, which shows
the initial pattern of the performance over time (similar to the first part of the performance
displayed in Study 3, Figure 5.17). Such a graph indicates that strategy 1 (green curve) is better

than strategy 2 (blue curve).

Performance overtime (long-term vs short-term)

Strategy 1 (short-term) — Strategy 2 (long-term)

Figure 6.1: illustrating and compering the initial performance of the long-term

and the short-term strategies
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There have been many cases where teams opted into a "long-term strategy™ or a
"development roster” but quickly changed their strategy due to their initial results. For
example, a team in 2022 decided to field and improve younger talent; however, two weeks into
the spring season of 2022 (a season is 3 months long), the team decided to make changes to
the roster even though they had expressed before the season that they were expecting a slow
start and were aiming to peak in the summer season (which was about 6 months in the future)
(Rand, 2022). Here, a team and its fans seem to be affected by watching other teams win in the
short-term and quickly assume that a competitor's strategy is better than theirs, and as a result,
fans on social media start to harass the teams and players that adopted the longer-term strategy,
which results in teams making changes. One coach in Study 2 said: “Fan feedback on social
media platforms can influence a team’s decisions and shape the opinion of players and
coaches. As a result, there have been cases where teams removed or recruited players due to
community (fan) pressure.”. Another coach in Study 2 expressed that they wanted to
experiment with fewer practice hours, but they are worried that if this strategy fails, the fan
pressure will be enough to remove the coach or a player. Usually, adopting a new strategy has
a slow start, and short-term results are less likely. There is enough evidence showing that the
challenges in Esports might not be solved by only proposing effective training methods
because the decision-makers seem to be influenced by fan pressure. Therefore, this research
suggests that stress training can be used initially to recruit new players by testing their skills

under the same conditions (stressors ) present in the final tournament stage; this approach may
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reduce the pressure on the decision-makers and also enables a team to assess their performance
and distinguish between new players accurately.

Since teams are worried to use long-term strategies and endure fan pressure, it might be
slightly more manageable for a team to adopt long-term strategies, such as stress training, with
their academy team, a lower league in which the salaries and stakes are not as high, making it
a less financially risky option. Moreover, Esports player’s retirement age is significantly lower
than in traditional sports; this may influence their decisions, making them prefer short-term
strategies. Perhaps, Esports individuals are more emersed in social media to an extinct that
feedback from fans reaches them quicker than other domains. Moreover, Esports players
practice on the public server daily, in which they join games with amateur players, making
them more vulnerable to online verbal abuse and harassment than traditional sports players.

We hope our work could introduce more researchers to this domain with unique challenges
and needs for academic research to support Esports coaches, players, and team managers.
While some current findings may apply to other Esports games beyond LOL, future studies

are needed to gather data from other games and identify common themes and implications.

127



References

Acharya, U. R., Joseph, P., Kannathal, N., Lim, C., & Suri, J. (2007a). Heart rate variability: A
review. Medical & Biological Engineering & Computing, 44, 1031-1051.
https://doi.org/10.1007/s11517-006-0119-0

Acharya, U. R., Joseph, P., Kannathal, N., Lim, C., & Suri, J. (2007b). Heart rate variability: A
review. Medical & Biological Engineering & Computing, 44, 1031-1051.
https://doi.org/10.1007/s11517-006-0119-0

Alder, D., Causer, J., & Poolton, J. M. (2019). Training under pressure: Current perspectives and
Future Directions. In A. M. Williams & R. C. Jackson (Eds.), Anticipation and Decision
Making in Sport. Routledge. https://www.routledge.com/Anticipation-and-Decision-Making-
in-Sport/Williams-Jackson/p/book/9781138504844

Alder, D., Ford, P. R., Causer, J., & Williams, A. M. (2016). The effects of high-and low-anxiety
training on the anticipation judgments of elite performers. Journal of Sport and Exercise
Psychology, 38(1), 93-104.

Allen, M. S., Mison, E. A., Robson, D. A., & Laborde, S. (2021). Extraversion in sport: A scoping
review. International Review of Sport and Exercise Psychology, 14(1), 229-259.
https://doi.org/10.1080/1750984X.2020.1790024

American Psychological Association. (2019). Stress. Https://Www.Apa.Org.
https://www.apa.org/topics/stress

American Psychological Association. (2020). Anxiety. Https://Www.Apa.Org.

https://www.apa.org/topics/anxiety

128



Amin, J. (2020, February 14). 10 Biggest Esports Titles in the World by 2019 Viewership.
Repeat.Gg. https://www.repeat.gg/content/biggest-esports-titles-in-world/

bagelsen314. (2020). Mastering Objective Control in League of Legends—Articles—Dignitas.
http://dignitas.gg/articles/blogs/Blog/14199/mastering-objective-control-in-league-of-legends

Banyai, F., Griffiths, M. D., Kirély, O., & Demetrovics, Z. (2019). The Psychology of Esports: A
Systematic Literature Review. Journal of Gambling Studies, 35(2), 351-365.
https://doi.org/10.1007/s10899-018-9763-1

Baumeister, R. F. (1984). Choking under pressure: Self-consciousness and paradoxical effects of
incentives on skillful performance. Journal of Personality and Social Psychology, 46(3),
610-620. http://dx.doi.org.proxy.lib.uwaterloo.ca/10.1037/0022-3514.46.3.610

Beilock, S. L., & Carr, T. H. (2001). On the fragility of skilled performance: What governs choking
under pressure? Journal of Experimental Psychology: General, 130(4), 701.

Beilock, S. L., Kulp, C. A., Holt, L. E., & Carr, T. H. (2004). More on the fragility of performance:
Choking under pressure in mathematical problem solving. Journal of Experimental
Psychology: General, 133(4), 584.

Bell, J. J., & Hardy, J. (2009). Effects of Attentional Focus on Skilled Performance in Golf. 15.

Beres, N., Klarkowski, M., & Mandryk, R. (2021). Paralysis by Analysis: Choking, Clutching, and
Reinvestment in Competitive Gameplay. OSF Preprints. https://doi.org/10.31219/0sf.io/jv96q

Bob, W. (2016). Why A-Rod and Shagq is betting big on their own eSports team. CNBC.
https://www.cnhbc.com/2016/10/28/a-rod-and-shag-buy-a-stake-in-nrg-esports-team.html

Bonnar, D., Castine, B., Kakoschke, N., & Sharp, G. (2019). Sleep and performance in Eathletes: For

the win! Sleep Health, 5(6), 647—650.

129



Bonnar, D., Lee, S., Gradisar, M., & Suh, S. (2019). Risk factors and sleep intervention
considerations in esports: A review and practical guide. Sleep Medicine Research, 10(2), 59—
66.

Broadhurst, P. L. (1959). The interaction of task difficulty and motivation: The Yerkes-Dodson law
revived. Acta Psychologica, 16, 321-338. https://doi.org/10.1016/0001-6918(59)90105-2

Carneiro, D., Novais, P., Augusto, J. C., & Payne, N. (2019). New Methods for Stress Assessment
and Monitoring at the Workplace. IEEE Transactions on Affective Computing, 10(2), 237—
254, https://doi.org/10.1109/TAFFC.2017.2699633

Castellanos, A. M., & Corps, G. B. (2021). Variables related to the outcome of an eSports
professional tournament: Case study of 2019 League of Legends World Championship
Series. International Journal of Esports, 2(2).

CBS NEWS. (2018). Super Bowl LII: Ratings for football’s biggest game lowest since 2009.
https://www.chsnews.com/news/super-bowl-lii-tv-ratings/

Chang, A. (2018). The University of Utah’s Esports Team Offers Students Scholarships to Play Video
Games. U.S. News Global Education. https://www.usnewsglobaleducation.com/all-
advice/the-university-of-utahs-esports-team-offers-students-scholarships-to-play-video-
games/

Christensen, W., Sutton, J., & Mcllwain, D. (2015). Putting pressure on theories of choking: Towards
an expanded perspective on breakdown in skilled performance. Phenomenology and the
Cognitive Sciences, 14(2), 253-293. https://doi.org/10.1007/s11097-014-9395-6

Christina, G. (2020, August). Global eSports market revenue 2023. Statista.

https://www.statista.com/statistics/490522/global-esports-market-revenue/

130



Cohn, P. J., Rotella, R. J., & Lloyd, J. W. (1990). Effects of a cognitive-behavioral intervention on the
preshot routine and performance in golf. The Sport Psychologist, 4(1), 33-47.

Columbia Esports. (2020, November 3). Columbia eSports—Columbia LionLink.
https://lionlink.columbia.edu/organization/columbiaesports

Conroy, E., Kowal, M., Toth, A. J., & Campbell, M. J. (2021). Boosting: Rank and skill deception in
esports. Entertainment Computing, 36, 100393.
https://doi.org/10.1016/j.entcom.2020.100393

Council of Europe. (2001). Revised European Sports Charter. Revised European Sports Charter.
https://search.coe.int/cm/Pages/result_details.aspx?ObjectiD=09000016804c9dbb

CSHS. (2020). Acute vs. Chronic stress. CESH / CSHS. https://humanstress.ca/stress/understand-
your-stress/acute-vs-chronic-stress/

Dafaesports, A. (2017, August 31). Esports Culture: The differences between East and West. Dafa
Esports. https://en.dafaesports.com/esports-culture-differences-east-west/

DeCaro, M. S., Thomas, R. D., Albert, N. B., & Beilock, S. L. (2011). Choking under pressure:
Multiple routes to skill failure. Journal of Experimental Psychology: General, 140(3), 390.

Demediuk, S., Murrin, A., Bulger, D., Hitchens, M., Drachen, A., Raffe, W. L., & Tamassia, M.
(2018). Player retention in league of legends: A study using survival analysis. Proceedings of
the Australasian Computer Science Week Multiconference, 1-9.

Dev. (2020). Champion Roadmap: June 2020 - League of Legends.
https://na.leagueoflegends.com/en-us/news/dev/champion-roadmap-june-2020/

Dobson, C. B. (1982). Stress: The hidden adversary. MTP Press.

https://catalog.hathitrust.org/Record/000125914

131



Emily, R. (2020a). How the League of Legends World Championship went on in a pandemic.
ESPN.Com. https://www.espn.com/esports/story/ /id/29947502/how-league-legends-world-
championship-went-pandemic

Emily, R. (2020b, June 3). LoL star bot laner “Uzi” retires, citing injuries. ESPN.Com.
https://www.espn.com/esports/story/ /id/29258275/royal-never-give-bot-laner-jian-uzi-zi-
hao-retires-citing-chronic-injuries

EMOTAL. (2020, June 23). Choking in esports: Are you at risk? Medium.
https://medium.com/@emotai/choking-in-esports-are-you-at-risk-bcc027bbe88a

Engle, R. W. (2002). Working Memory Capacity as Executive Attention. Current Directions in
Psychological Science, 11(1), 19-23. https://doi.org/10.1111/1467-8721.00160

Eric, A. (2016, May 19). Tools of the trade: The importance of quality esports equipment.
ESPN.Com. https://www.espn.com/esports/story/ /id/15616253/importance-quality-esports-
equipment

Felix, B. (2018, May 24). League of Legends Damage Calculator for all Champs [Reddit Post].
R/Leagueoflegends.
www.reddit.com/r/leagueoflegends/comments/8lw0t0/league_of legends_damage_calculator
_for_all_champs/

Fink, G. (2016). Fink G. Stress, Definitions, Mechanisms, and Effects Outlined: Lessons from
Anxiety. In: Fink G, ed. Stress: Concepts, Cognition, Emotion, and Behavior, Volume 1 of the
Handbook of Stress Series. San Diego: Elsevier Inc., 2016: 3-11.

Fryer, A. M., Tenenbaum, G., & Chow, G. M. (2018). Linking performance decline to choking:
Players’ perceptions in basketball. Journal of Sports Sciences, 36(3), 256-265.

https://doi.org/10.1080/02640414.2017.1298829
132



Gabriel, S. (2020, August 3). Understanding the Industry—Esports Genres. Esportsguide.
https://www.esportsguide.com/news/understanding-the-industry-esports-genres
Graham, A. (2019). Update: Germany Approves Dedicated Visa for Pro Esports Athletes. The

Esports Observer / home of Essential Esports Business News and Insights.

https://esportsobserver.com/german-esports-visa-law/

Green, A. L., & Helton, W. S. (2011). Dual-task performance during a climbing traverse.
Experimental Brain Research, 215(3), 307-313. https://doi.org/10.1007/s00221-011-2898-2

Gropel, P., & Mesagno, C. (2019). Choking interventions in sports: A systematic review.
International Review of Sport and Exercise Psychology, 12(1), 176-201.
https://doi.org/10.1080/1750984X.2017.1408134

Hadnett, V. E. (2015). An investigation examining the effects of specificity within the construct of
anxiety on planning and execution of movement. Bangor University (United Kingdom).

Hallmann, K., & Giel, T. (2018). ESports — Competitive sports or recreational activity? Sport
Management Review, 21(1), 14-20. https://doi.org/10.1016/j.smr.2017.07.011

Happonen, A., & Minashkina, D. (2019a). Professionalism in Esport: Benefits in Skills and Health &
Possible Downsides. https://doi.org/10.13140/RG.2.2.28958.59208

Happonen, A., & Minashkina, D. (2019b). Professionalism in Esport: Benefits in Skills and Health &
Possible Downsides. https://doi.org/10.13140/RG.2.2.28958.59208

Harvard. (2020, October 29). Harvard College Esports Association—TheHub at Harvard College.
https://thehub.college.harvard.edu/organization/harvard-college-esports-association

Hasan, U. (2021). Esports Coaching — Full Explanation of Coaches in Esports.

https://esporthow.com/esports-coaching-full-explanation-of-coaches-in-esports/

133



Hellhammer, D. H., Wist, S., & Kudielka, B. M. (2009). Salivary cortisol as a biomarker in stress
research. Psychoneuroendocrinology, 34(2), 163-171.
https://doi.org/10.1016/j.psyneuen.2008.10.026

Helton, W. S., & Naswall, K. (2015). Short stress state questionnaire. European Journal of
Psychological Assessment.

Hill, D., Hanton, Matthews, N., & Fleming, S. (2011). Alleviation of Choking Under Pressure in Elite
Golf: An Action Research Study. Sport Psychologist, 25, 465-488.
https://doi.org/10.1123/tsp.25.4.465

Hill, D. M., Hanton, S., Matthews, N., & Fleming, S. (2010). Choking in sport: A review.
International Review of Sport and Exercise Psychology, 3(1), 24-39.

Holden, J., Kaburakis, A., & Rodenberg, R. (2018). Esports: Children, stimulants and video-gaming-
induced inactivity: Esports inactivity. Journal of Paediatrics and Child Health, 54.
https://doi.org/10.1111/jpc.13897

Horridge, K. (2017, December 28). When is Your Brain In Peak Condition for Gambling?
Casino.Org Blog. https://www.casino.org/blog/when-is-your-brain-in-peak-condition-for-
esports-and-gambling/

IBM Corp. (2019). IMB SPSS (version 26).

Iwatsuki, T., Hagiwara, G., & Dugan, M. E. (2021). Effectively optimizing esports performance
through movement science principles. International Journal of Sports Science & Coaching,
17(1), 202—207. https://doi.org/10.1177/17479541211016927

Jenny, S. E., Manning, R. D., Keiper, M. C., & Olrich, T. W. (2017). Virtual (ly) athletes: Where

eSports fit within the definition of “Sport.” Quest, 69(1), 1-18.

134



John, P. (2022, June 22). LOL Rogue Choked Again. InvenGlobal.
https://www.invenglobal.com/articles/17515/i-felt-very-hopeless-rge-trymbi-talks-spring-
finals-loss-to-g2-and-offseason-recovery

Jonasson, K., & Thiborg, J. (2010). Electronic sport and its impact on future sport. Sport in Society,
13(2), 287-299.

Jordet, G., & Hartman, E. (2008). Avoidance motivation and choking under pressure in soccer
penalty shootouts. Journal of Sport & Exercise Psychology, 30(4), 450-457.
https://doi.org/10.1123/jsep.30.4.450

josh, T. (2019, May 17). League of Legends Flame Friday: How Invictus Gaming choked to Team
Liquid. Blog of Legends. https://blogoflegends.com/2019/05/17/league-of-legends-flame-
friday-how-invictus-gaming-choked-to-team-liquid/

Jr, T. H. (2018, December 27). From Michael Jordan to Drake: The athletes and celebs who invested
millions in esports in 2018. CNBC. https://www.cnbc.com/2018/12/19/from-michael-jordan-
to-drake-athletes-celebrities-invested-millions-esports.html

Kai, G. (2020, May 28). LoL - $400,000+ salaries in the LCS |. ESports.Com.
https://www.esports.com/en/lol-400000-salaries-in-the-1cs-96138

Kang, H. (2021). Sample size determination and power analysis using the G* Power software.
Journal of Educational Evaluation for Health Professions, 18.

Kica, A., Manna, A. L., O’Donnell, L., Paolillo, T., & Claypool, M. (2016). Nerfs, Buffs and Bugs—
Analysis of the Impact of Patching on League of Legends. 2016 International Conference on
Collaboration Technologies and Systems (CTS), 128-135.

https://doi.org/10.1109/CTS.2016.0039

135



Klein Teeselink, B., Potter van Loon, R. J. D., van den Assem, M. J., & van Dolder, D. (2020).
Incentives, performance and choking in darts. Journal of Economic Behavior &
Organization, 169, 38-52. https://doi.org/10.1016/j.jeb0.2019.10.026

Kniffin, K. M., & Palacio, D. (2018). Trash-Talking and Trolling. Human Nature, 29(3), 353-369.
https://doi.org/10.1007/s12110-018-9317-3

Kou, Y. (2020). Toxic behaviors in team-based competitive gaming: The case of league of legends.
Proceedings of the Annual Symposium on Computer-Human Interaction in Play, 81-92.

Kou, Y., & Gui, X. (2020). Emotion Regulation in eSports Gaming: A Qualitative Study of League of
Legends. https://doi.org/10.1145/3415229

Kristine, T. (2021, May 27). Esports pros who are obsessed with tape measures.
https://www.oneesports.gg/gaming/esports-pros-obsessed-with-tape-measures/

Lee, C.-S., & Ramler, I. (2017). Identifying and evaluating successful non-meta strategies in league
of legends. Proceedings of the 12th International Conference on the Foundations of Digital
Games, 1-6.

Lee, D., & Schoenstedt, L. J. (2011). Comparison of eSports and Traditional Sports Consumption
Motives. ICHPER-SD Journal of Research, 6(2), 39-44.

Leith, L. M. (1988). Choking in sports: Are we our own worst enemies. International Journal of
Sport Psychology.

Lingle, S. (2014, September 23). We dug into the stats to rank the best farming ADCs in the LCS.
Dot Esports. https://dotesports.com/general/news/cs-farming-lcs-champions-ranks-stats-656

Lingle, S. (2015, June 30). Mark Cuban invests in esports. Dot Esports.

https://dotesports.com/general/news/mark-cuban-esports-gambling-2001

136



LOLWiki. (2020). Karthus. League of Legends Wiki.
https://leagueoflegends.fandom.com/wiki/Karthus

MA, R., GUI, X., & KOU, Y. (2022). Esports Governance: An Analysis of Rule Enforcement in
League of Legends.

Mary, A. (2020). What'’s the difference between stress and anxiety? Https://Www.Apa.Org.
https://www.apa.org/topics/stress-anxiety-difference

Masaki, H., Maruo, Y., Meyer, A., & Hajcak, G. (2017). Neural Correlates of Choking Under
Pressure: Athletes High in Sports Anxiety Monitor Errors More When Performance Is Being
Evaluated. Developmental Neuropsychology, 42(2), 104-112.
https://doi.org/10.1080/87565641.2016.1274314

Masood, K., Ahmed, B., Choi, J., & Gutierrez-Osuna, R. (2012). Consistency and validity of self-
reporting scores in stress measurement surveys. Annual International Conference of the IEEE
Engineering in Medicine and Biology Society. IEEE Engineering in Medicine and Biology
Society. Annual International Conference, 2012, 4895-4898.
https://doi.org/10.1109/EMBC.2012.6347091

Matsui, A., Sapienza, A., & Ferrara, E. (2020). Does Streaming Esports Affect Players’ Behavior and
Performance? Games and Culture, 15(1), 9-31.

matthew. (2018, April 25). Press Release—University of California, Berkeley and Riot Games
Launch Scholarship and Intramural Esports League Partnership [Text]. UC Berkeley:
Division of Student Affairs. https://sa.berkeley.edu/press-release-scholarship-and-intramural-
esports-league-partnership

Matthew, P. (2020, September 2). With new esports team, UW joins growing list of schools

supporting competitive gaming programs | CBC News. CBC.
137



https://www.cbc.ca/news/canada/kitchener-waterloo/university-of-waterloo-warriors-esports-
team-1.5708139

Matthews, G. (2020). Stress states, personality and cognitive functioning: A review of research with
the Dundee Stress State Questionnaire. Personality and Individual Differences, 110083.
https://doi.org/10.1016/j.paid.2020.110083

Matthews, G., Szalma, J., Panganiban, A. R., Neubauer, C., & Warm, J. (2013a). Profiling Task
Stress with the Dundee Stress State Questionnaire. In Psychology of Stress: New Research.

Matthews, G., Szalma, J., Panganiban, A. R., Neubauer, C., & Warm, J. (2013b). Profiling Task
Stress with the Dundee Stress State Questionnaire. In Psychology of Stress: New Research.

McGrath, J. E. (1976). Stress and behavior in organizations. Handbook of Industrial and
Organizational Psychology, 1351, 1396.

McGrath, K. (2019). Leveraging Esports in Higher Education. Understanding Esports: An
Introduction to the Global Phenomenon, 201.

Mellifont, D., Smith-Merry, J., & Scanlan, J. N. (2016). Pitching a Yerkes—Dodson curve ball?: A
study exploring enhanced workplace performance for individuals with anxiety disorders.
Journal of Workplace Behavioral Health, 31(2), 71-86.
https://doi.org/10.1080/15555240.2015.1119654

Mendoza, G., Clemente-Suarez, V. J., Alvero-Cruz, J. R., Rivilla, ., Garcia-Romero, J., Fernandez-
Navas, M., Albornoz-Gil, M. C. de, & Jiménez, M. (2021). The role of experience, perceived
match importance, and anxiety on cortisol response in an official esports competition.

International Journal of Environmental Research and Public Health, 18(6), 2893.

138



Mesagno, C., Marchant, D., & Morris, T. (2008). A Pre-Performance Routine to Alleviate Choking in
“Choking-Susceptible” Athletes. The Sport Psychologist, 22(4), 439-457.
https://doi.org/10.1123/tsp.22.4.439

Mike, P. (2017). ‘They see the potential’: Why J-Lo and Gillette want a piece of the eSports action.
The Guardian. http://www.theguardian.com/games/2017/dec/25/esports-jennifer-lopez-
gillette-audi-mercedes-benz-a-piece-of-the-action

Mobalytics. (2017a, April 21). League of Legends Objectives: How to Maximize Synergy and
Teamplay. Mobalytics. https://mobalytics.gg/blog/league-of-legends-objectives-
decompilation-guide/

Mobalytics. (2017b, April 28). Farming Guide: How to to Build and Use a Gold Lead. Mobalytics.
https://mobalytics.gg/blog/farming-guide/

Mobalytics. (2018, August 7). League of Legends: Ultimate Wave Management Guide. Mobalytics.
https://mobalytics.gg/blog/wave-management/

Mobalytics. (2019, July 5). Absolute Beginner’s Guide to League of Legends. Mobalytics.
https://mobalytics.gg/blog/absolute-beginners-guide-to-league-of-legends/

Mora-Cantallops, M., & Sicilia, M.-A. (2018a). Exploring player experience in ranked League of
Legends. Behaviour & Information Technology, 37(12), 1224-1236.

Mora-Cantallops, M., & Sicilia, M.-A. (2018b). MOBA games: A literature review. Entertainment
Computing, 26, 128-138. https://doi.org/10.1016/j.entcom.2018.02.005

Moran, A. P. (1996). The psychological of concentration in sports performance a cognitive
psychology. Psychology press, New York London.

Moss, B. (2021, August 13). LoL: What Is Considered a Good Creep Score (CS) Per Minute? High

Ground Gaming. https://www.highgroundgaming.com/good-cs-per-minute-lol/
139



Murayama, T., & Sekiya, H. (2015). Factors related to choking under pressure in sports and the
relationships among them. International Journal of Sport and Health Science, 201416.

Murayama, T., Sekiya, H., & Tanaka, Y. (2010). Factor analysis of the mechanisms underlying
“choking under pressure” in sports. Asian Journal of Exercise & Sports Science, 7(1), 55-60.

NBA staff. (2018). Michael Jordan invests in esports ownership group | NBA.com.
https://www.nba.com/news/michael-jordan-esports-investment

Newzoo. (2019). Most Watched Games on Twitch | Esports Content and Total.
https://newzoo.com/insights/rankings/top-games-twitch-youtube/

Nick, S. (2020). The esports elders defying their age. Engadget. https://www.engadget.com/2020-03-
09-the-esports-elders-defying-their-age.html

Nicole, B., KlarkowskiMadison, & L, M. (2021). Under Pressure. Proceedings of the ACM on
Human-Computer Interaction. https://doi.org/10.1145/3474666

Nieuwenhuys, A., & Oudejans, R. R. D. (2011). Training with anxiety: Short- and long-term effects
on police officers’ shooting behavior under pressure. Cognitive Processing, 12(3), 277-288.
https://doi.org/10.1007/s10339-011-0396-x

Nikkei Asia. (2018). Life after esports: What happens when pro gamers hang up the joystick? Nikkei
Asia. https://asia.nikkei.com/Business/Business-trends/Life-after-esports-What-happens-
when-pro-gamers-hang-up-the-joystick

Nilsson, F., & Lee, J. (2019). Looking into possible mental factors that affect professional esports
players. http://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-393700

Novak, A. R., Bennett, K. J., Pluss, M. A., & Fransen, J. (2020). Performance analysis in esports:

Modelling performance at the 2018 League of Legends World Championship. International

140



Journal of Sports Science & Coaching, 15(5-6), 809-817.
https://doi.org/10.1177/1747954120932853

Oudejans, R. R., Binsch, O., & Bakker, F. C. (2013). Negative instructions and choking under
pressure in aiming at a far target. International Journal of Sport Psychology, 44, 294-309.

Oudejans, R. R. D. (2008). Reality-based practice under pressure improves handgun shooting
performance of police officers. Ergonomics, 51(3), 261-273.
https://doi.org/10.1080/00140130701577435

Oudejans, R. R. D., & Pijpers, J. R. (2009a). Training with anxiety has a positive effect on expert
perceptual — motor performance under pressure. THE QUARTERLY JOURNAL OF
EXPERIMENTAL PSYCHOLOGY, 17.

Oudejans, R. R. D., & Pijpers, J. R. (2009b). Training with anxiety has a positive effect on expert
perceptual-motor performance under pressure. The Quarterly Journal of Experimental
Psychology, 62(8), 1631-1647. https://doi.org/10.1080/17470210802557702

Oudejans, R. R. D., & Pijpers, J. R. (Rob). (2010). Training with mild anxiety may prevent choking
under higher levels of anxiety. Psychology of Sport and Exercise, 11(1), 44-50.
https://doi.org/10.1016/j.psychsport.2009.05.002

Ouellette, J. (2019, November 19). Esports gamers experience same stressors as pro athletes, study
finds. Ars Technica. https://arstechnica.com/science/2019/11/esports-gamers-experience-
same-stressors-as-pro-athletes-study-finds/

Pell, D. (2020). Insulating Musical Motor Skills Against Music Performance Anxiety [PhD Thesis].

Penn Clubs, P. (2011). University of Pennsylvania eSports Association.

https://pennclubs.com/club/university-of-pennsylvania-esports-association

141



Pizzo, A. D., Na, S., Baker, B. J,, Lee, M. A., Kim, D., & Funk, D. C. (2018). eSport vs. Sport: A
Comparison of Spectator Motives. Sport Marketing Quarterly, 27(2).

Poulus, D., Coulter, T. J., Trotter, M. G., & Polman, R. (2020). Stress and Coping in Esports and the
Influence of Mental Toughness. Frontiers in Psychology, 11.
https://doi.org/10.3389/fpsyg.2020.00628

Rand, E. (2022, February). 10 Thoughts going into LCS Week 3. Riot Games.
https://lolesports.com/article/10-thoughts-going-into-lcs-week-3/blta531ca45f7f67255

Reav3. (2020). Champion Roadmap: June 2020 - League of Legends.
https://na.leagueoflegends.com/en-us/news/dev/champion-roadmap-june-2020/

Reiter, M. D, Liput, T., & Nirmal, R. (2007). Personality Preferences of College Student-Athletes.
College Student Journal, 41(1).

Riot. (2020a). Champions—League of Legends. https://na.leagueoflegends.com/en-us/champions/

Riot. (2020b). How to Play—League of Legends. https://euw.leagueoflegends.com/en-gb/how-to-
play/

Riot Games. (2022). Champions | League of Legends. https://na.leagueoflegends.com/en/game-
info/champions/

RMU. (2014, June 11). RMU Becomes First University to Offer Gaming Scholarships With the
Addition of eSports to Varsity Lineup. Robert Morris University Athletics.
https://www.rmueagles.com/article/907

Rob, G. (2004). Attending to the Execution of a Complex Sensorimotor Skill: Expertise Differences,
Choking, and Slumps. Journal of Experimental Psychology. Applied, 10(1), 42-54.

https://doi.org/10.1037/1076-898X.10.1.42

142



Sabrina, A. (2022). Ultimate Guide to the League of Legends Ranking System. EarlyGame.
https://earlygame.com/lol/ranking-system

Sabtan, B., Cao, S., & Paul, N. (2022). Current practice and challenges in coaching Esports players:
An interview study with league of legends professional team coaches. Entertainment
Computing, 42, 100481. https://doi.org/10.1016/j.entcom.2022.100481

Schmidt, J. (2018, June 21). League of Legends Skillshots: Hitting & Dodging. Esports Edition.
https://esportsedition.com/league-of-legends/league-of-legends-skillshots/

Scholz, T., Vélkel, L., & Uebach, C. (2021). Sportification of esports-a systematization of sport-
teams entering the esports ecosystem. International Journal of Esports, 2(2).

ScienceDaily. (2019). Esports gamers face same level of psychological pressure as pro-athletes: Elite
videogamers under as much stress as top-flight footballers and rugby players. ScienceDaily.
https://www.sciencedaily.com/releases/2019/11/191112110315.htm

Settimi, C. (2019). ‘Awful Business’ Or The New Gold Rush? The Most Valuable Companies In
Esports Are Surging. Forbes.
https://www.forbes.com/sites/christinasettimi/2019/11/05/awful-business-or-the-new-gold-
rush-the-most-valuable-companies-in-esports-are-surging/

Smith, N. (2018). ‘It’s not as awesome as people imagine’: Esports players say ‘dream job’ is more
than fun and games. Washington Post.
https://www.washingtonpost.com/sports/2018/12/13/its-not-awesome-people-imagine-
esports-players-say-dream-job-is-more-than-fun-games/

Starkey, B. S. (2020, May 7). Mental stress is an unspoken part of the game for esports athletes. The
Undefeated. https://theundefeated.com/features/mental-stress-is-an-unspoken-part-of-the-

game-for-esports-athletes/
143



Statista. (2018a). League of Legends championships viewers 2018 | Statistic. Statista.
https://www.statista.com/statistics/518126/league-of-legends-championship-viewers/

Statista. (2018b). NBA Finals average US TV viewership 2002-2018 | Statistic. Statista.
https://www.statista.com/statistics/240377/nba-finals-tv-viewership-in-the-united-states/

Sun, Q. (2019). 4 Research on eSports Users’ Motives and Satisfaction in China The Case of League
of Legends.

Sun, Y. (2017). Motivation to play esports: Case of League of Legends [PhD Thesis]. University of
South Carolina.

Tassi, P. (2013). League of Legends Finals Sells Out LA’s Staples Center In An Hour. FOrbes.
https://www.forbes.com/sites/insertcoin/2013/08/24/league-of-legends-finals-sells-out-las-
staples-center-in-an-hour/

Team Dignitas. (2017). Micro vs. Macro: What They Are and How to Improve on Both - Articles -
Dignitas. http://team-dignitas.net/articles/blogs/League-of-Legends/11733/micro-vs.-macro-
what-they-are-and-how-to-improve-on-both

Tenenbaum, G., Edmonds, W. A., & Eccles, D. W. (2008). Emotions, coping strategies, and
performance: A conceptual framework for defining affect-related performance zones.
Military Psychology.

theScore esports. (2019, December 5). The Greatest Choke in Esports History Actually Happened
Twice. https://www.youtube.com/watch?v=_5nhJAaMpFI&feature=emb _title

Thiel, A., & John, J. M. (2018). Is eSport a ‘real’sport? Reflections on the spread of virtual
competitions. Taylor & Francis.

Thompson, J. J., Blair, M. R., & Henrey, A. J. (2014). Over the Hill at 24: Persistent Age-Related

Cognitive-Motor Decline in Reaction Times in an Ecologically Valid Video Game Task
144



Begins in Early Adulthood. PLOS ONE, 9(4), e94215.
https://doi.org/10.1371/journal.pone.0094215

Travis Gafford. (2020, February 20). Prolly: Why League pros have leadership struggles due to solo
gueue and upbringing - HLL Excerpt. https://www.youtube.com/watch?v=6THyQBRzKW8

Tirkay, S., Formosa, J., Adinolf, S., Cuthbert, R., & Altizer, R. (2020). See no evil, hear no evil,
speak no evil: How collegiate players define, experience and cope with toxicity. Proceedings
of the 2020 CHI Conference on Human Factors in Computing Systems, 1-13.

University of Waterloo. (2020, March 17). Researchers must safely suspend all non-critical lab
operations. COVID-19 Information. https://uwaterloo.ca/coronavirus/news/researchers-must-
safely-suspend-all-non-critical-lab

Utah.edu. (2017). Esports | Entertainment Arts & Engineering. https://games.utah.edu/eae-esports/

Vickers, J. N. (1992). Gaze Control in Putting. Perception, 21(1), 117-132.
https://doi.org/10.1068/p210117

Vilas Boas Junior, M., Freitas Corréa, M., Hernandez Souza, V., Paula Moura, L., Oliveira, R., Reyes
Bossio, M., & Ferreira Branddo, M. R. (2022). Basic Psy-chological Need Satisfaction and
Thwarting: A Study with Brazilian Professional Players of League of Legends. Sustainability

2022, 14, 1701. s Note: MDPI stays neutral with regard to jurisdictional claims in published

Villarejo, M. V., Zapirain, B. G., & Zorrilla, A. M. (2012). A stress sensor based on Galvanic Skin
Response (GSR) controlled by ZigBee. Sensors, 12(5), 6075-6101.

Vine, S. J., Moore, L., & Wilson, M. R. (2011). Quiet Eye Training Facilitates Competitive Putting
Performance in Elite Golfers. Frontiers in Psychology, 2.

https://doi.org/10.3389/fpsyg.2011.00008
145



Wallace, H. M., Baumeister, R. F., & Vohs, K. D. (2005). Audience support and choking under
pressure: A home disadvantage? Journal of Sports Sciences, 23(4), 429-438.

wavee. (2015, June 13). East vs. West: Can a western team win Worlds? Part one. Dot Esports.
https://dotesports.com/news/east-vs-west-can-a-western-team-win-worlds-part-one-7543

Wilson, M. (2008). From processing efficiency to attentional control: A mechanistic account of the
anxiety—performance relationship. International Review of Sport and Exercise Psychology,
1(2), 184-201. https://doi.org/10.1080/17509840802400787

WKU. (2016). WKU Esports About. Western Kentucky University.
https://www.wku.edu/esports/about_wku_esports.php

Wolf, J. (2015, December 23). The biggest esports chokes of 2015. Dot Esports.
https://dotesports.com/business/news/biggest-chokes-esports-2015-2691

Wu, M., Lee, J. S., & Steinkuehler, C. (2021). Understanding tilt in esports: A study on young league
of legends players. Proceedings of the 2021 CHI Conference on Human Factors in
Computing Systems, 1-9.

Yamanaka, K., & Kawakami, M. (2009). Convenient evaluation of mental stress with pupil diameter.
International Journal of Occupational Safety and Ergonomics: JOSE, 15(4), 447-450.

https://doi.org/10.1080/10803548.2009.11076824

146



Appendices

Appendix A: Study 2: Coaches interview

Appendix A.1 Hierarchical structure of themes and keywords from thematic analysis.

1- Esports coach general information:
1.1 The role of a coach
1.1.1 Identify the players’ potential and create winning conditions for the team.
Keywords: game knowledge, understand player strengths
1.1.2 Develop synergy and trust within the team.
Keywords: synergy, trust, rapport, empathy
1.1.3 Develop the micro and macro play of the team.
Keywords: game knowledge, balancing strengths and weaknesses
1.1.4 Setting goals to continuously improve the players.
Keywords: player weaknesses, player strengths
1.1.5 Motivating the players to improve and maintain peak performance.
Keywords: motivation, understand players motivations
1.2 Coaching positions
Keywords: coach, general manager
1.3 Skill requirements

1.3.1 Leadership
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Keywords: leadership, coaching theory

1.3.2 Communication
Keywords: coach synergy, communication

1.3.3 Ability to set goals
Keywords: setting goals

1.3.4 Game knowledge
Keywords: game knowledge

1.4 Evaluation and Selection

1.41 Evaluation of Coaches
Keywords: team results, player feedback, qualitative

1.4.2 Evaluation of Players
Keywords: mechanical abilities, statistics, watching players, evaluation of
goals, teammate feedback

1.4.3 Selection of Coaches
Keywords: game knowledge, setting goals, leadership, coach synergy, team
needs

1.4.4 Selection of Players
Keywords: sense of team, mechanics, communication, game knowledge, player
history, work ethic, talent, passion

2- Challenges an Esports coach faces:

2.1 Demanding practice routines
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Keywords: long hours, rest days, team practice, individual practice, training
2.2 Stress
2.2.1 Translating scrim performance to stage performance
Keywords: performance, scrim to stage
2.2.2 Stage nerves
Keywords: different environment
2.2.3 Social media
Keywords: public image, social media
2.2.4 Disappointing the organization and fans
Keywords: internal pressure, external pressure, fans
2.2.5 Being evaluated
Keywords: losing one’s job
2.3 Players’ attitude
Keywords: player personalities, team building
2.4 Stress Management
Keywords: dealing with stress, sports psychologist, replicating stage conditions
2.5 Players’ health issues
2.5.1 Physical health
Keywords: health, physiotherapy, nutrition
2.5.2 Mental health

Keywords: stress, burnout, motivation
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3 Need for future research

3.1 Identify players’ fatigue levels.
Keywords: fatigue, burnout, sleep

3.2 Identify the conditions for peak performance.
Keywords: good performance

3.3 Identify best practice for coaching in Esports and how to achieve this.
Keywords: no coaching standards

3.4 Identify a key performance indicator for coaches and players.
Keywords: how to evaluate coaches, developing performance indicators

3.5 Experiment with shorter practice duration.
Keywords: practice length, burnout, fatigue, taking longer breaks

3.6 Automate some of the coaches’ tasks, such as game review.
Keywords: game review

3.7 Explore the impact of supplements on Esports players’ wrist and back injuries.
Keywords: supplements

3.8 Identify talent development in Esports for players, but especially for coaches.
Keywords: talent development

3.9 Investigate substance abuse.

Keywords: drugs
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Appendix A.2: Study 2- Initial Contact Script

Dear [insert participant name], my name is Bader Sabtan and | am a PhD student
working under the supervisions of Dr. Shi Cao in Systems Design Engineering Department at
the University of Waterloo, Canada. | am contacting you because we are conducting a
research study to generate a base of reference for researchers interested in studying
professional MOBA game players. We are looking for League of Legends Experts to share
their general knowledge of the game. Currently, there are not enough academic sources to
provide information for researchers. Participants will be asked questions such as:

- The average practice time in Esports

- The challenges facing the teams

- How is performance evaluated for teams, players, and coaches?

- Why do players choke on stage and what are the stressors affecting them

Participants can choose to answer or not answer any question and will be given a
choice to stay anonymous or provide their name as contributors to the research and future
publication. We estimate that the interview will take around one hour, and the participants
have the choice to stop the interview at any time. If they choose to withdraw, all records will
be destroyed. Only audio (no video) will be recorded. The only purpose of the audio
recording is for transcribing the interview into texts. The audio file (voice and speech) will
only be reviewed by the research team and will not be used in any publication. With your
permission, quotes from the transcript may be used in our research. You will have the choice

of whether these quotes are anonymous (you will not be directly identified by name, and
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instead will only have your position noted, e.g. MOBA team coach or attributed to you. You
will also have the opportunity to review selected quotes prior to there publication. Raw audio
will not be used in any publications. Only the research team members, including me, and my
Advisor, Dr. Cao, will have access to these recordings.

Attached is the “information letter” document, in which you will find the details of
the interview.

I would like to assure you that the study has been reviewed and received ethics
clearance through the University of Waterloo Research Ethics Committee. However, the final
decision about participation is yours.

If you are interested, please contact me via my Email: bsabtan@uwaterloo.ca.

Sincerely,

Bader Sabtan
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Appendix A.3: Study 2 — Information Letter

Project Title: Multiplayer online battle arena (MOBA) game expert
opinion

Student Investigator: Bader Sabtan, Department of Systems Design Engineering,
bsabtan@uwaterloo.ca

Faculty Advisor: Shi Cao, Department of Systems Design Engineering,

shi.cao@uwaterloo.ca, 519-888-4567 x36377

Overview

Esports is a booming industry. But little research has been done in this field about
professional game players' performance and training. Currently, the academic field does not
have a reliable source of reference for Esports coaching, training, and strategy. For example,
if a researcher wants to improve the coaching style of Esport teams, they do not have a
scientific source to know the methods currently used in coaching. There are not enough
papers that provide insights about the professional players in Esports. The findings from the
current study will provide the research community a better understanding of the practice and
problems faced by coaches and players in Esports, MOBA games in particular.

Study Details

Your participation in this study is completely voluntary and you may decline to answer any
questions you may wish. If you would like to stop the study or withdraw your participation at
any time, you may do so by advising the researcher without any penalty.

Participation in this study involves a video interview in which you will answer general
questions related to the Esports player’s environment which may take around one hour. You
can request your data be removed from the study up until 30 days after the interview.
Interview questions:

The major points that will be discussed in the interview are as follows:
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Performance assessment.

In this part we are interested to know “How” players, coaches, and teams performance is
being assessed. We understand that some details are what gives your team and edge. We are
looking for a general answer that informs us about the best practice in the scene.

1- How does an Esports team assess a player’s, team’s, and coaches’ performance?

2- How does a team find new talents?

3- Can ateam evaluate a player without his tournament match history?

Choking and stressors affecting players

Why do players choke on stage. What are the factors and stressors influencing their
performance on stage. Are you using any choking interventions such as (training under
stress, pre-performance routines, deep breathing)

General Knowledge.

In this part, we want to verify some of the information that was obtained from blogs such as:
1- What is the role of a coach, general manager, analyst, and psychologists in the esports
teams?
2- Why do “all-star” teams not work? And how did a team like “G2” make it work?
3- Isit hard to keep veteran players motivated?
4- What kind of problems do teams face? Personal? Practice? Health? And which ones
affect their performance the most.

5- Some players have huge “Ego”, like “Dardoch” and “Piglet”. How does a team

deal with such hard personalities?

Training.

1- How long do players practice?
2- What is the practice routine?

3- How do teams “scrim” each other? Do they agree on specific picks? Can they just practice
early or late game? how much cooperation is there between teams when it comes to “scrims”

Factors influencing performance
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1- How important is team synergy in comparison to the individual performance of a
player?

2- What kind of problems do teams face? Personal? Practice? Health? And which ones
affect their performance the most.

3- North America (NA) region spends the most among all other region and recruits the
best players in the world, but the region is still lagging behind when it comes to
performance on an international tournament. Why?

4- NA teams have a lot of imported players. Does the language barrier cause any

performance issues between the players?

Extra details

In this part, the participant will be asked to add any information that might be relevant to our
study.

End of the interview

Risks and Benefits

There are no anticipated risks in this study. There is no direct benefit to the participants.

However, the results obtained from this study will contribute to the understanding of Esports
player performance, which may help improve Esports training and practice in the future.

Data storage, security and retention

Your name will never be associated with your individual data unless you consent to allow the
researchers to use your name with your quotes in publication. Data collected during this
study will be retained for a minimum of 7 years in a locked office in a restricted area of the
university. The data will be stored on a password protected computer to which only
researchers associated with the study have access. Data will be de-identified (i.e. data such
as names and identifying information removed) prior to submission to the

repository/database and will be presented in aggregate form in online publications. This
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process is integral to the research process as it allows other researchers to verify results and

avoid duplicating research.

Interview Location

Online interview using any communication software that is convenient.

Eligibility Requirements for Participation

All participants must be at least 18 years old, and have coached a team in NA or EU

Confidentiality

All information that you provide is considered completely confidential; your name will not
be associated in any way with the data collected in this study, unless you consent to allow the

researchers to use your name with your quotes in publication.

Ethics Review and Clearance

This study has been reviewed and received ethics clearance through a University of Waterloo
Research Ethics Committee (ORE#41339 ). If you have questions for the Committee contact
the Office of Research Ethics, at 1-519-888-4567 ext. 36005 or ore-ceo@uwaterloo.ca

Questions regarding participation in the study

If you have any questions regarding this study, or would like additional information to assist
you in reaching a decision about participation, please contact Bader Sabtan at +1 226-898-

4496 or by email at bsabtan@uwaterloo.ca
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Appendix A.4: Study 2 — Consent Form
CONSENT OF PARTICIPANT

Project Title: Multiplayer online battle arena Experts Opinion

Student Investigator: Bader Sabtan, Department of Systems Design Engineering,
bsabtan@uwaterloo.ca

Faculty Advisor: Shi Cao, Department of Systems Design Engineering,
shi.cao@uwaterloo.ca, 519-888-4567 ext. 36377

With full knowledge of all foregoing, | agree, of my own free will, to participate in this study being
conducted by Bader Sabtan, a PhD student in the University of Waterloo’s Department of Systems
Design Engineering, who is working under the supervision of Professor Shi Cao of the Department of
Systems Design Engineering. | have made this decision based on the information I have received in the
email and after being verbally informed by one of this study’s researchers about the contents,
requirements, and benefits of this experiment. | have had the opportunity to ask any questions related

to this study, to receive satisfactory answers to my questions, and any additional details I wanted.

This study has been reviewed and received ethics clearance through a University of Waterloo
Research Ethics Committee (ORE#41339). If you have questions for the Committee, contact the Office

of Research Ethics, at 1-519-888-4567 ext. 36005 or ore-ceo@uwaterloo.ca
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Please Circle One

I agree to the use of anonymous quotations in any YES NO

publication that comes from this research.

I agree to the use of direct quotations attributed YES NO

to me only with my review and approval.

Participant Name

Dated at Waterloo, Ontario

Witness Name

Signature of Witness
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Appendix A.5: Study 2 - Feedback Letter

FEEDBACK LETTER

Project Title: Multiplayer online battle arena Experts Opinion

Student Investigator: Bader Sabtan, Department of Systems Design Engineering,

Bsabtan@uwaterloo.ca

Faculty Advisor: Shi Cao, Department of Systems Design Engineering,
Shi.cao@uwaterloo.ca, 519-888-4567 x36377

We appreciate your participation in our study and thank you for spending the time helping us with

our research!

All information you provided is considered completely confidential. This study has been reviewed
and received ethics clearance through a University of Waterloo Research Ethics Committee
(ORE#41339). If you have questions for the Committee, contact the Office of Research Ethics, at 1-
519-888-4567 ext. 36005 or ore-ceo@uwaterloo.ca

Please remember that any data pertaining to you as an individual participant will be kept confidential,
unless you give permission for use your name in conjunction with a quote. Once all the data are
collected and analyzed for this project, | plan on sharing this information with the research community

through a journal article, which will be shared with you after it has been accepted for publication.
If you think of any other questions regarding this study, please do not hesitate to contact Bader Sabtan

We really appreciate your participation and hope that this has been an interesting experience for you.
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Appendix B - Chapter 5 — Study 3 - Scripts

Appendix B.1: Study 3 — Participants Perfect Score Awareness

We used this form (B.1 Figure 1) to determine how many participants are aware of the perfect CS
score that can be obtained during a 7-minute game. This information allows us to identify if players
will generally feel they are behind when we announce that their score is less than the “perfect 10 CS

per minute”.

Creep Scoring for 7 minutes

* Required

Is it possible for a laner to have 70 CS (in Summeoners Rift map), 7 minutes into a

game to achieve 10 CS per minute *

O Yes, it is possible to have 70 CS in 7 minutes
O No, Maybe 9 CS per minute (total of 63 minions)
O No, Maybe 8 CS per minute ( a total of 56 CS)

O Less than 8 CS per minute

comment if any

Your answer

B.1 Figure 1: Expected CSPM at 7 minutes
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Appendix B.2: Study 3 - Contact Script

Dear [Insert name] my name is Bader Sabtan and | am a PhD student working under the
supervision of Dr. Shi Cao in Systems Design Engineering Department at the University of Waterloo,
Canada. The reason that | am contacting you is that we are conducting a research experiment to assess

the impact of stress on the performance of League of Legends players
Participants will be randomly assigned to a group (control group or experiment group).

Participants in both groups will play a custom game for 7 minutes, two times a day, for 5
consecutive days. During the game, players will pick a specific champion of our choice and will creep
score (CS, attack minions). During this 7-minute experiment, players will hear a positive sound when
a correct action is made and a negative sound if a wrong action is executed. The purpose of these sounds
is to induce the feeling of being evaluated. The control group will hear these sounds only on Day 1 and
Day 5, while the experiment group will hear these sound during all experiment days (5 days). After 7

minutes, the score will be recorded.

The participant will be asked to rate a few questions from 1 (not at all) to 5 (strongly agree), to
measure their stress levels, engagement levels, and the task’s perceived complexity before and after the

experiment using a google form.

Participants will remain anonymous in our research and future publication. If you choose to
withdraw, all records will be destroyed. Only a screenshot of the in-game score will be recorded. No
audio or video will be recorded during the experiment. The player's information and scores will only
be reviewed by the research team. The combined scores of all participants will be analyzed and

published in our research.
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Participants will receive a thank you letter on the 5th day and will be given a compensation of $30.

The participant will choose either Paypal or in-game currency equal to $30.

Attached to this email is the “information letter” document, in which you will find the details

of the experiment.

I would like to assure you that the study has been reviewed and received ethics clearance
through the University of Waterloo Research Ethics Committee (ORE#42767). However, the final

decision about participation is yours.

If you are interested, please fill up the google form:

[Insert google form link]

Or contact me via my Email: bsabtan@uwaterloo.ca.

Sincerely,

Bader Sabtan
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Appendix B.3: Study 3 — Information letter

INFORMATION LETTER

Project Title: Assessing the impact of social stress on League of Legends game player’s
performance

Student Investigator: Bader Sabtan, Department of Systems Design Engineering,
bsabtan@uwaterloo.ca

Faculty Advisor: Shi Cao, Department of Systems Design Engineering, shi.cao@uwaterloo.ca,
519-888-4567 x36377

Overview

Currently, Esports Professional teams distance their players from public opinion and social media
due to their negative impact. As a result, they don’t develop tolerance to such a stressor, thereby
leading them to perform on big stages in front of crowds. The coaches believe that by improving a
player’s skill, that player will become more confident and tolerate stress. However, we want to
examine if training a player’s skills under stress will improve their tolerance by a significant factor.
This information is valuable for a professional team because it enables them to assess if such
training is worth the risk. Coaches believe that continuous exposure to stress will lead to the players
burning out quickly. If we can show that repetitive exposure can improve performance under stress,
and by how much, the coaches will be able to do a calculated risk.

Study Details and Procedure

Your participation in this study is entirely voluntary, and you may decline to answer any questions
you may wish. If you would like to stop the study or withdraw your participation at any time, you

may do so by advising the researcher without any penalty.
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The participants will play a game of league of Legends for 7 minutes in which they will perform a
task in-game referred to as CS or creep score. The participant will stream the game window only
(they will not use their camera) using discord, a communication software like skype. Their stream
will only be visible to the researcher. During these 7 minutes, players will hear a positive beep
sound when a correct action is made and a negative beep sound if a wrong action is executed. The
purpose of these sounds is to induce the feeling of being evaluated (stress). The control group will
hear these sounds only on Day 1 and Day 5, while the experiment group will hear these sounds
during all experiment days (5 days). We have a total of two groups only (control and experiment
group).

The participant will get into a discord call with the researcher and will launch the League of
Legends game client. The participant will stream their game window only using the discord built-
in stream option. The participant will then create a custom game in which they will play for 7
minutes and only creep score using auto attacks and not use any abilities or purchase any items.
After the time has passed, the creep score will be recorded.

The participant will be asked to answer a few questions before and after each experiment from 1
(Not at all) to 5 (Strongly agree) using a google form, some examples are listed below:

- I am worried about other people evaluating me

- | felt concerned about the impression | was making during this task

- | thought about how others have done on this task

- | thought about how | would feel if | were told how I performed
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- | wanted to succeed on the task

- | felt confident in my abilities

- | was motivated to do the task

The participants will also rate the task perceived difficulty from 1 (very easy) to 5 (very hard)
using the same google form.

The total expected time per day is around 14 minutes and a total of approximately 70 minutes
over 5 days.

Risks and Benefits

There are no anticipated risks in this study. The participants will receive a feedback letter and
compensation of $30 US dollars. The results obtained from this study will contribute to the
understanding of Esports player performance, which may help improve Esports training and
practice in the future.

Data storage, security and retention

Your name will never be associated with your individual data. Data collected during this study
will be retained for a minimum of 7 years in a locked office in a restricted area of the university.
The data will be stored on a password-protected computer to which only researchers associated
with the study have access. Data will be de-identified (i.e. data such as names and identifying
information removed) prior to submission to the repository/database and will be presented in
aggregate form in online publications. This process is integral to the research process as it allows
other researchers to verify results and avoid duplicating research.

165



Interview Location
Online interview using any communication software that is convenient.
Eligibility Requirements for Participation
All participants must be at least 18 years old and ranked gold or silver in League of Legends
public server.
Confidentiality
All information that you provide is considered completely confidential; your name will not be
associated in any way with the data collected in this study.
Ethics Review and Clearance
This study has been reviewed and received ethics clearance through a University of Waterloo
Research Ethics Committee (ORE#42767).). If you have questions for the Committee, contact the
Office of Research Ethics, at 1-519-888-4567 ext. 36005 or ore- ceo@uwaterloo.ca
Questions regarding participation in the study

If you have any questions regarding this study, or would like additional information to assist you
in reaching a decision about participation, please contact Bader Sabtan at +1 226-898-4496 or by

email at bsabtan@uwaterloo.ca
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Appendix B.4: Study 3 — Consent Form

CONSENT OF PARTICIPANT

Project Title: Assessing the impact of stress on League of Legends

player’s performance

Student Investigator: Bader Sabtan, Department of Systems Design Engineering,
bsabtan@uwaterloo.ca

Faculty Advisor: Shi Cao, Department of Systems Design Engineering,
shi.cao@uwaterloo.ca, 519-888-4567 ext. 36377

With full knowledge of all foregoing, | agree, of my own free will, to participate in this study being
conducted by Bader Sabtan, a PhD student in the University of Waterloo’s Department of Systems
Design Engineering, who is working under the supervision of Professor Shi Cao of the Department of
Systems Design Engineering. | have made this decision based on the information I have received in the
email and after being verbally informed by one of this study’s researchers about the contents,
requirements, and benefits of this experiment. | am aware that there are two groups (control group and
experiment group) and that | will be randomly assigned to one of these groups. | am also aware that
this experiment involves acute stress in the form of sound beeps that evaluate my performance in the
task. I have had the opportunity to ask any questions related to this study, to receive satisfactory answers

to my questions, and any additional details | wanted.
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This study has been reviewed and received ethics clearance through a University of Waterloo
Research Ethics Committee (ORE# 42767).). If you have questions for the Committee, contact the

Office of Research Ethics, at 1-519-888-4567 ext. 36005 or ore- ceo@uwaterloo.ca

Please Circle One

| Agree to participate in this study YES NO

Participant Name

Dated at Waterloo, Ontario

Witness Name

Signature of Witness
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Appendix B.5: Study 3 — Compensation Form

University of Waterloo
Research Participant s Acknowledgement of
Receipt of Remuneration
and
Self-Declared Income

Section A: To be completed by Principal Investigator or designate
Principal/Faculty Investigator’s Name: Shi Cao

Researcher Investigator: Bader Sabtan

Department: Systems Design Engineering

Study Title: Assessing the impact of social stress on League of Legends game player’s performance

Section B: To be completed by research participant

In appreciation of my involvement as a research participant in the above study,

I acknowledge that | have received $ from the University of Waterloo.

| further acknowledge that:

. this amount received from the University of Waterloo is taxable

. that it is my responsibility to report the amount received for income tax purposes

. and the University of Waterloo will not issue a tax receipt for the amount received.

Participant’s Name:

Participant’s Signature:

Date:

Witness’ Name:

Witness’ Signature:

Date:
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Appendix B.6: Study 3 — Feedback letter

FEEDBACK LETTER

Project Title: Assessing the impact of stress on League of Legends player’s
performance
Student Investigator: Bader Sabtan, Department of Systems Design Engineering,

Bsabtan@uwaterloo.ca

Faculty Advisor: Shi Cao, Department of Systems Design Engineering,
Shi.cao@uwaterloo.ca, 519-888-4567 x36377

Dear [insert name], we appreciate your participation in our study and thank you for spending the time

helping us with our research!

All information you provided is considered completely confidential. This study has been reviewed
and received ethics clearance through a University of Waterloo Research Ethics Committee
(ORE#42767). If you have questions for the Committee contact the Office of Research Ethics, at 1-

519-888-4567 ext. 36005 or ore-ceo@uwaterloo.ca

Please remember that any data pertaining to you as an individual participant will be kept confidential.
Once all the data are collected and analyzed for this project, | plan on sharing this information with the

research community through a journal article.

If you think of any other questions regarding this study, please do not hesitate to contact Bader Sabtan

We really appreciate your participation and hope that this has been an interesting experience for you.
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Appendix B.7: Study 3 — Registration

Participants registered to the experiment by filling up a google form as seen in

UNIVERSITY OF

WATERLOO

Impact of Stress on Performance

Hi, am Bader Sabtan, a Ph.D. student working under the supervision of Dr. Shi Cao in the
Systems Design Engineering Department at the University of Waterloo, Canada at the
University of Waterloo is studying the impact of stress on the performance of League of
Legends players.

Participants will play a custom game for 7 min a day, 5 consecutive days. During the game,
players will creep score (CS, attack minions). After 7 min, the score will be recorded and the
participant will be asked to answer a few questions such as their current stress level and the
perceived complexity of the task

Participants will remain anonymous in our research and future publication. If you choose to
withdraw, all records will be destroyed. Only a screenshot of the in-game score will be
recorded. No audio or video will be recorded during the experiment. The player's information
and scores will only be reviewed by the research team. The combined scores of all
participants will be analyzed and published in our research.

Participants will receive a thank you letter on the 5th day and will be given a compensation
of $30. The participant will choose either Paypal or in-game currency equal to $30.

* Required

Please write your nickname or in-game name *

Your answer

B.7 Figure 1: A Google form to collect the participant’s information (1 of 2)
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Rank *

O ocold
O Silver

How do you want us to contact you *

Discord
Skype
Email

Other

o000

Please write down your address for the communication method you choose
above *

Your answer

B.7 Figure 2: Google form to collect the participant’s information (2 of 2)
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Appendix C: Chapter 5 — Study 3 — SPSS tables
Training Under Stress Experiment

Appendix C.1: Study 3 — Sample Demographics

Below are the demographic outputs from SPSS software.

Age
Valid Cumulative
Frequency Percent Percent Percent

Valid 18 24 333 333 333
19 5 69 69 403
20 14 194 194 59.7
21 7 97 97 69 4
22 ] 83 83 178
23 5 69 59 847
24 5 69 69 917
25 2 28 28 944
26 2 28 28 972
28 2 28 28 100.0

Total 72 1000 1000

C.1- Table 1: Age frequency distribution
Experiance
Walid Cumulative
Frequency Percent Percent Percent

Valid 1 11 153 153 153
2 14 194 194 347
3 16 222 222 569
4 12 167 187 738
5 5 69 689 806
] 5] 83 83 88.9
7 5 69 69 958
3 1 14 14 97.2
9 1 14 14 98 6
10 1 14 14 1000

Total 72 100.0 1000

C.1- Table 2: Experience frequency distribution
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Rank

Valid Cumulative

Freguency Percent Percent Percent

Valid Gold-1 10 139 139 139

Gold-2 11 153 153 292

Gold-3 11 153 153 444

Gold-4 " 153 153 597

Silver-1 5] 8.3 8.3 66.1

Silver-2 5] 8.3 8.3 754

Silver-3 4 58 56 819

Silver-4 13 18.1 181 100.0
Total 72 100.0 100.0

C.1- Table 3: Rank frequency distribution

Personality
Valid Cumulative
Frequency Percent Percent Percent
Valid extrovert 31 431 431 431
introvert 41 569 569 100.0
Total 72 1000 100.0

C.1- Table 4: Sample personality (Introvert/Extrovert)
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Appendix C.2: Study 3 — Paired Sample Tables

Below are the paired sample t-test outputs from the SPSS software. First, the performance tables.

Then, the stress tables.

Performance Paired Samples Statistics

Std. Std. Error

Group Mean N Deviation Mean
C Pair 1 Post 538.653026 34 45723786 78415646
Pre 56521739 34 50457292  B6533541
E Pair 1 Post  71.014493 38 42621138 69140615
Pre  57.856598 38 43852881 71138767

C.2-Table 1: Performance means (paired sample t-test)

Perfarmance Paired Samples Test

Paired Differences
95% Confidence Interval

Std. Std. Error of the Difference Sig. (2-
Group Mean Deviation Mean Lower Upper t df tailed)
C Pair1 Post-Pre 21312873 6.0362960 1.0352162 02512405 4.2374505 2059 33 047
E Pair1 Post-Pre 13157835 41457352 67252706 11795225 14520864 19565 37 000

C.2-Table 2: Performance statistics (paired sample t-test)
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Stress Paired Samples Statistics

Std. Std. Error

Group Mean M Deviation Vean
C Pair 1 PostTestStress 279779 34 735990 126221
PreTestStress 354412 34 387450 066447
E Pair 1 PostTestStress 2 35855 38 754027 122319
PreTestStress 349158 38 416297 067532

C.2-Table 3: Stress means (paired sample t-test)

Paired Samples Test

Paired Differences
95% Confidence Interval

Std. Std. Error of the Difference Sig. (2-
Group Mean Deviation Mean Lower Upper t df tailed)
c Pair1 PostPre  -746324 154411 120380 -1.009550  -483087 -5.768 33 000
E Pair1 Post-Pre -1.133026 894625 145127 1427082 -838970 -7.807 37 000

C.2-Table 4: Stress statistics (paired sample t-test)
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Appendix C.3: Study 3 — Performance - Repeated Measures ANOVA

Below are the repeated measures ANOVA result from SPSS software. The test days

performance analysis will be illustrated, followed by the training days performance analysis.

Appendix C3.1: Performance repeated measures ANOVA (Test-Days)

Mauchly's Test of Sphericity is suitable for comparing three or more levels of repeated
measures ANOVA. In this case, we are comparing only two levels, pre-test, and post-test,

which is why the table does not show a significant value.

Test-Days - Performance Descriptive Statistics

Std.

Group Mean Deviation M
Pre C 56521739 50457292 34

E 57856598 43852881 38

Total  57.226248 4.7228419 72
Post C 58653026 45723786 34

E 71.014493  4.2621138 38

Total 65177134 76028748 72

C3.1 Table 1: Test-days performance descriptive

statistics
Mauchly's Test of Sphericity
Measure. MEASURE_1
Approx. Epsilon
Within Subjects Mauchly's Chi- Greenhous Huynh- Lower-
Effect W Square df Sig e-Geisser Feldt bound
TestDays 1.000 000 0 . 1.000 1.000 1.000

C3.1 Table 2: Performance - test-days - Mauchly's Test of Sphericity
(two days/levels)
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Tests of Within-Subjects Effects
Measure: MEASURE_1

Type lll Observed
Sum of Mean Partial Eta  Moncent Power?
Source Squares df Square F Sig Squared Parameter
TestDays Sphericity Assumed 3148 1 3146 243 824 004 243 077
Greenhouse- 3148 1000 3146 243 624 004 243 orr
Geisser
Huynh-Feldt 3148 1000 3146 243 B24 004 243 i
Lower-bound 3.146 1000 3146 243 624 Qo4 243 Q7
TestDays * Age Sphericity Assumed 31.696 1 31696 2443 22 036 2443 338
Greenhouse- 31696  1.000 31686 2448 122 036 2445 338
Geisser
Huynh-Feldt 31696 1000 31 696 2448 122 036 2448 338
Lower-bound 31698  1.000 31696 2448 122 036 2445 338
TestDays " Exp Sphericity Assumed 1616 1 1616 125 125 002 125 064
Greenhouse- 1616 1000 1616 125 725 002 125 064
Geisser
Huynh-Feldt 1616 1.000 1616 1258 725 a0z 1258 064
Lower-bound 1616  1.000 1616 125 725 002 125 064
TestDays ™ Sphericity Assumed 25304 1 25304 1955 167 029 1.955 281
Rank_Code Greenhouse- 25304 1000 25304 1955 167 029 1955 281
Geisser
Huynh-Feldt 25304 1000 25304 1955 167 029 1955 281
Lower-bound 25304 1.000 25304 1855 67 029 1855 281
TestDays " Sphericity Assumed 8.351 1 5.351 545 425 010 845 124
Personality Greenhouse- 8251 1000 8351 845 425 010 845 124
Geisser
Huynh-Feldt 5351 1.000 8351 845 425 a10 845 124
Lower-bound 8351 1.000 8351 845 425 a10 845 124
TestDays * Group Sphericity Assumed 962.239 1 962239 74326 000 530 74328 1.000
Greenhouse- 962 239 1000 962 239 74326 Qoo 530 74326 1.000
Geisser
Huynh-Feldt 962239 1000 962.239 74326 000 530 74.326 1.000
Lower-bound 962 239 1000 962 239 74326 Qoo 530 74326 1.000
Error(TestDays) Sphericity Assumed 554450 66 12.946
Greenhouse- 554450 66.000 12.946
Geisser
Huynh-Feldt 854 450 66000 12 846
Lower-bound 854450 66.000 12.946
a. Computed using alpha = .05
C3.1 Table 3: Performance - test-days - within subject

(interaction effect)
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Tests of Between-Subjects Effects

Measure: MEASURE 1
Transformed Variable: Average

Type lll Observed

Sum of Mean Partial Eta  Noncent. Power®
Source Squares df Square F Sig. Squared Parameter
Intercept 7215180 1 7215180 322098 000 830 322098 1.000
Age 3829 1 3829 A71 581 003 AT 069
Exp 9 691 1 9691 433 513 0o7 433 099
Rank_Code 407.200 1 407200 18178 000 216 18.178 987
Personality 50.000 1 50.000 2232 140 033 2232 313
Group 1380.600 1 1380600 61832 000 483 61632 1.000
Error 14756439 66 22401

a. Computed using alpha = 05

C3.1 Table 4: Performance - test-days - between subject

(main

effect)

Appendix C3.2 Performance repeated measures ANOVA (Training-Days)

Training-Days - Performance - Descriptive

Statistics
Std.
Group IMlean Deviation
Day2 C 60003349 40262991 34
E 54855890 47246093 38
Total 57286634 50856597 72
Day3 C 63900560 74933294 34
E 59931078 52022807 38
Total 616805556 6.6470861 72
Day4 C 67997199 64593932 34
E 65.789474 66119990 38
Total 66632011 6.5684361 72

C3.3 Table 1: Training-days performance descriptive statistics
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Mauchly’s test indicated that the sphericity assumption was violated, (y*(2) = 34.83, p

< 0.000). As aresult, Greenhouse-Geisser corrected results were reported (¢ = 0.707).

Training-Days Mauchly's Test of Sphericity
Measure: MEASURE_1

Approx. Epsilon
Within Subjects WMauchly's Chi- Greenhous Huynh- Lower-
Effect W Square df Sig. e-GCeisser Feldt bound
TrainingDays 585 34833 2 000 707 72 500

C3.2 Table 1: Performance — training days - Mauchly's Test of Sphericity

(three days/levels)
Tests of Within-Subjects Effects
Measure: MEASURE_1
Typell Observed
Sum of Mean Partial Eta Noncent Power?
Source Squares df Square F Sig. Squared Parameter
Days Sphericity Assumed 32811 2 16 406 1.057 350 016 2114 232
Greenhouse- 32811 1414 23212 1.057 331 016 1494 199
Geisser
Huynh-Feldt 32811 1.545 21239  1.057 336 016 1.633 206
Lower-bound 32.811 1.000 32811 1.057 308 016 1.057 173
Days * Personality  Sphericity Assumed 1.192 2 596 038 982 001 077 058
Greenhouse- 1.192 1414 844 038 915 001 .054 055 |
Geisser
Huynh-Feldt 1.192 1.545 772 038 830 001 .058 055
Lower-bound 1192 1.000 1.192 038 845 001 038 054
Days * Exp Sphericity Assumed 6188 2 3.094 199 820 003 399 081
|Greemhousef 6.188 1414 4378 199 741 003 282 076 |
Geisser
Huynh-Feldt 6.188 1.545 4.006 199 782 003 .308 077
Lower-bound 6188 1.000 6.188 199 857 003 199 072
Days ™ Age Sphericity Assumed 42357 2 21.179 1.364 259 020 2.728 290
|Greemhousef 42357 1414 29965  1.364 .256 020 1.929 245 |
Geisser
Huynh-Feldt 42357 1.545 27418 1.364 257 020 2.108 255
Lower-bound 42357 1.000 42357  1.364 247 020 1.364 210
Days * Rank_Code  Sphericity Assumad 108 480 2 54.740  3.527 032 051 7.053 648
| Greenhouse- 109480 1414 77449 3527 049 051 4.985 545 |
Geisser
Huynh-Feldt 108.480 1.545 70867  3.527 .044 051 5448 570
Lower-bound 109480 1.000 109.480 3.527 085 051 3.527 457
Days ™ Group Sphericity Assumed 47.871 2 23 836 1.542 218 023 3.084 323
|Greemhousef 47871 1414 33865 1.542 222 023 2.180 271 |
Geisser
Huynh-Feldt 47871 1.545 30937  1.542 221 023 2.382 233
Lower-bound 47871 1.000 47871 1.542 219 023 1.542 232
Error(Days) Sphericity Assumed 2048 929 132 15522
Greenhouse- 2048829 93.296 21962
Geisser
Huynh-Feldt 2043.829 101.981 20.095
Lower-bound 2048 929 66.000 31.044

a. Computed using alpha = .05

C3.2 Table 2: Performance - training-days - within subject using
Greenhouse-Geisser correction - (interaction effect)
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Tests of Between-Subjects Effects

Measure: MEASURE 1

Transformed Variable: Average

Type lll Observed

Sum of Wiean Partial Eta MNoncent. Power®
Source Squares df Square F Sig. Squared Parameter
Intercept 7598.795 1 7598.795 115010 000 635 115.010 1.000
Age 291903 1 291.903 4418 039 063 4418 544
Exp 159.262 1 159.262 2411 125 035 241 334
Rank_Code 337699 1 337.699 5111 027 072 5111 606
Personality 9615 1 9615 1486 704 002 1486 066
Group 953736 1 953736 14435 000 179 14 435 963
Error 4360 686 66 66.071

a. Computed using alpha = .05

C3.2 Table 3: Performance - training-days - between subject
(main effect)

Training-Days Performance Pairwise Comparisons
Measure. MEASIURE_1

95% Confidence Interval
for Difference

IViean

Difference Lower Upper

() TrainingDays  (J) TrainingDays (l-J) i} Std. Eror  Sig b Bound Bound
1 2 -4.506 a1 000 -6.401 -2612
3 9483 740 000 -11.301 -71665
2 1 4506 71 000 2612 5.401
3 4976 394 000 -5.944 -4.008
3 1 9483 740 000 7.665 11.301
2 4976 394 000 4.008 5944

Based on estimated marginal means
* The mean difference is significant at the .05 level.
b Adjustment for multiple comparisons: Bonferroni.

C3.2 Table 4: Training-Days - performance - pairwise comparisons
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Appendix C3.3: Study 3 — Stress - Repeated Measures ANOVA (Test-Days)

The repeated measures ANOVA result from SPSS software. The test days

performance analysis will be illustrated, followed by the training days performance analysis.

Test-Days Preceived Siress Descriptive Statistics

Std.

Group ~ Mean Deviation N
Day 1Stress C 3.54412 387450 34

E 349158 416297 38

Total 351639 400978 72
Day 5 Stress C 279779 735990 34

E 2.35855 754027 38

Total 256597 772540 72

C3.3 Table 2: Test-days - perceived Stress - descriptive statistics

Since the Mauchly's Test of Sphericity is designed to compare more than two levels,
the, the test will not show any values because it is comparing the post-test and pre-test (two

levels).

Mauchly's Test of Sphericity
Measure: MEASURE 1

Approx. Epsilon
Within Subjects Mauchly's Chi- Greenhous Huynh- Lower-
Effect W Square df Sig. e-Geisser Feldt bound
TestDaysStress 1.000 000 0 1000 1.000 1.000

C3.3 Table 3: Test-days - perceived Stress - Mauchly's Test of Sphericity

(two days/levels)
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Tests of Within-Subjecls Effects
Measure: MEASURE_1

Type lll Observed
Sum of Mean Partial Eta  Noncent Power®

Source Squares df Square F Sig Sguared Parameter
TestDaysStress Sphericity Assumed 01 1 011 031 861 .000 031 053

Greenhouse- 011 1.000 011 031 861 000 031 053

Geisser

Huynh-Feldt 011 1.000 011 031 861 000 031 053

Lower-bound 011 1.000 011 031 861 000 031 053
TestDaysStress " Sphericity Assumed 522 1 522 1498 225 022 1498 226
Personality Greenhouse- 522 1.000 522 1498 225 022 1498 226

Geisser

Huynh-Feldt 522 1.000 522 1498 225 022 1498 226

Lower-bound 522 1.000 522 1488 225 022 1498 226
TestDaysStress * Sphericity Assumed 036 1 036 104 743 .002 104 062
Exp Greenhouse- 036 1.000 036 104 748 002 104 062

Geisser

Huynh-Feldt 036 1.000 036 104 748 0oz 104 062

Lower-bound 036 1.000 036 104 748 o2 104 062
TestDaysStress " Sphericity Assumed 376 1 376 1079 303 016 1.079 176
Age Greenhouse- 376 1.000 376 1.079 303 018 1.079 76

Geisser

Huynh-Feldt 376 1.000 376 1.079 303 018 1.079 176

Lower-bound 376 1.000 376 1.079 303 018 1079 176
TestDaysStress * Sphericity Assumed 244 1 244 699 406 010 599 A3
Rank_Code Greenhouse- 244 1.000 244 B9 406 010 699 131

Geisser

Huynh-Feldt 244 1.000 244 699 406 010 599 131

Lower-bound 244 1.000 244 Jsite] 406 010 699 131
TestDaysStress " Sphericity Assumed 806 1 806 2312 133 034 2312 323
Group Greenhouse- 806 1.000 806 2312 133 034 2312 323

Geisser

Huynh-Feldt B06  1.000 806 2312 133 034 2312 323

Lower-bound 806  1.000 806 2312 133 034 2312 323
Errar Sphericity Assumed 23.018 66 349
(TestDaysSress)  Greenhouse- 23016 66000 349

Geisser

Huynh-Feldt 23.016 66.000 349

Lower-bound 23016 66.000 349

a. Computed using alpha = 05

C3.3 Table 4: Test-days - perceived stress - within subject (interaction effect)
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Tests of Between-Subjecis Effects

Measure: MEASURE_1

Transformed Variable: Average

Type Il Observed

Sum of Mean Partial Eta  MNoncent. Power?
Source Squares df Square F Sig. Squared Parameter
Intercept 17438 1 17438 45806 000 410 45806 1.000
Personality 182 1 182 479 491 0o7 479 105
Exp 237 1 237 821 433 009 821 121
Age 027 1 027 om 791 001 om 058
Rank_Code 185 1 155 407 526 008 A07 096
Group 1490 1 1490 3815 052 056 3915 496
Error 25125 66 361

a. Computed using alpha = .05

C3.3 Table 5: Test-days - perceived stress - between subject (main effect)

Appendix C3.4: Study 3 — Stress - Repeated Measures ANOVA (Training-Days)

Training-Days Stress Descriptive Statistics

Std.
Group Mean Deviation M
Day 2 Stress C 308088 B71955 34
E 346352 1.020031 36
Total 328299 965741 72
Day 3 Stress C 284706 802915 34
E 268092 67840 a8
Total 266493 779588 72
Day 4 Stress C 211397 560174 34
E 203947 569573 36
Total 207465 562416 72

C3.3 Table 6: Training-days - perceived Stress - descriptive statistics
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Mauchly’s test indicated that the sphericity assumption was violated, (y*(2) = 14.83,
p = 0.001). As a result, Huynh-Feldt corrected results were reported (¢ =0.831).

Mauchly's Test of Sphericity
Measure: MEASURE_1

AppProx. Epsilon
Within Subjects Mauchly's Chi- Greenhous Huynh- Lower-
Effect W Square df Sig e-Geisser Feldt bound
TrainingDaysStress 796 14.833 2 001 831 914 500

C3.3 Table 7: Training-days - perceived stress - Mauchly’s Test of Sphericity
(three levels) Huynh-Feldt correction used

Tests of Within-Subjects Effects
Measure: MEASURE_1

Type ll Observed
Sum of Mean Partial Eta MNoncent Power?
Source Squares df Square F Sig. Squared  Parameter
TrainingDaysStress  Sphericity Assumed 793 2 398 2082 131 030 4125 413
Greenhouse- 798 1661 481 2 062 140 030 3426 379
Geisser
| Huynh-Feldt 798 1.828 A37 2062 136 030 3.770 398 |
Lower-bound 798 1.000 798 20862 156 030 2082 293
TrainingDaysStress  Sphericity Assumed 048 2 024 123 884 002 246 069
* Personality Greenhouse- 048 1661 029 123 847 002 204 087
Geisser
| Huynh-Feldt 043 1.828 026 123 867 002 225 068 |
Lower-bound 048 1.000 048 123 727 002 123 064
TrainingDaysStress  Sphericity Assumed 414 2 207 1070 346 016 2.140 234
" Exp Greenhouse- 414 1661 249 1070 336 016 1778 215
Geisser
| Huynh-Feldt 414 1.828 227 1.070 341 015 1.956 225 |
Lower-bound 414 1.000 414 1.070 305 016 1.070 175
TrainingDaysStress  Sphericity Assumed 161 2 081 416 660 006 8333 16
*Age Greenhouse- 161 1661 097 416 23 006 692 110
Geisser
|Huynh-FeIdt 167 1.828 085 416 542 005 781 113 |
Lower-bound 161 1.000 161 416 521 006 416 097
TrainingDaysStress  Sphericity Assumed 223 2 A1 575 564 009 1.180 144
* Rank_Code Greenhouse- 223 1661 134 575 533 009 955 1385
Geisser
|Huynh-FeIdt 223 1.828 122 575 549 009 1.051 139 |
Lower-bound 223 1.000 223 575 451 009 575 16
TrainingDaysStress  Sphericity Assumed 1.656 2 828 4279 016 061 8.557 138
* Group Greenhouse- 1656 1681 997 4279 022 061 7107 679
Geisser
| Huynh-Feldt 1.656 1.828 806 4279 019 0861 7.820 710 |
Lower-bound 1.656 1.000 1836 4279 043 061 4.279 531
Error Sphericity Assumed 25548 132 194
(TrainingDaysStres  Greenhouse- 25548 109631 233
s) Geisser
Huynh-Feldt 25545 120634 212
Lower-bound 25548  ©56.000 387

C3.3 Table 8: Training-days - perceived stress - within subject (interaction effect)
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Tests of Between-Subjects
Measure: MEASURE_1

Effects

Transformed Variable: Average

Type ll Observed
Sum of Mean Partial Eta  Noncent. Power®
Source Squares df Square F Sig. Squared Parameter
Intercept 24169 1 24169 17134 000 206 17.134 983
Personality 2.014 1 2014 1428 236 021 1428 218
Exp 242 1 242 172 880 003 72 069
Age 3.680E-6 1 3.860E-6 000 899 000 000 030
Rank_Code 6.771 1 6771 4800 032 068 4.800 579
Group 314 1 314 223 639 003 223 075
Error 93.099 66 1411
a. Computed using alpha = .05

C3.3 Table 9: Training-days - perceived stress - between subject (main effect)

Pairwise Comparisons

Measure: MEASURE_1

95% Confidence Interval
for Difference

Mean
() (J) Difference Lower Upper
TrainingDaysStress ~ TrainingDaysStress (-J) ' Std.Error  Sig” Bound Bound
1 2 608 073 000 428 768
3 1.197' 087 000 984 1410
2 1 608" 073 000 -.788 -428
3 .589' 057 000 A48 T30
3 1 1197 087 000 -1410 -9584
2 589" 057 000 -.730 -448

Based on estimated marginal means
* The mean difference is significant at the .05 level.
b. Adjustment for multiple comparisons: Bonferroni.

C3.3 Table 10: Training-Days - perceived stress - pairwise comparisons
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