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THEORETICAL BACKGROUND

1. The Relevance and Objectives of the Research

The research focuses on sports education within educational sciences, specifically in an area
that is one of the most popular leisure activities among young people: the video game industry
(Czako et al., 2023). Video gaming, or "gaming," has developed to such a high level over the
years that there are players who pursue this pastime as a means of earning money, thus
qualifying them as professional athletes. These individuals are referred to as e-sports players.
Although the activity's status as a sport is questionable, as it lacks some traditional physical
components, it shares many attributes with traditional sports (Jenny et al., 2016). As e-sports
gain popularity, sometimes surpassing the viewership of traditional sports (Lynch, 2017), the
industry is becoming increasingly professional. If we accept e-sports as a sport, understanding
that the competition occurs primarily on a mental level, it would be the only team sport where
physical activity is not dominant. Magistretti's (2015) research reveals that our brain is
responsible for about 20% of the calories burned under general exertion, highlighting mental
endurance as a key attribute for professional gamers. This research aims to examine how mental
fatigue can be observed during gaming, whether it can be documented, and whether physical

activity can influence this process.
2. The Relationship Between E-sports and Sports

Since 2010, researchers have been investigating whether e-sports can be considered a sport
(Jonasson & Thiborg, 2010; Lee & Schoenstedt, 2011; Kane & Spradley, 2017). The connection
between e-sports and traditional sports, as well as the defining characteristics of e-sports, serves
to strengthen e-sports' role as a sports entertainment product. While physical activity is not the
dominant factor, other traditional sports also exhibit minimal physical activity (Hallman & Giel,
2017).

The world of video games, similar to traditional sports, can be divided into two main areas:

"gaming" and "e-sports.” These two distinct subsets can be paralleled with the traditional sports



analogy of "recreational sports” and "competitive sports.” It is essential to differentiate between
the two, as their comparison reveals different characteristics, leading to varied research
possibilities (Szabella, 2018).
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Figure 1: Characteristics of e-sports and sports (source: Szabella, 2018)
3. Examination of E-sports from a Physiological Perspective

E-sports activities require mental abilities such as concentration, stress tolerance, and various
cognitive skills that influence e-sports performance. Cognitive abilities like multitasking,
memory, and spatial awareness are crucial (Ding et al., 2018). Physical activity combats
depression and anxiety, leading to a better quality of life, improved cognitive function, and

better sleep quality (Taylor, 2022).

If we accept that physical activity influences mental abilities, particularly concentration and
stress tolerance (Ludyga et al., 2020; Toth et al., 2020), and that mental abilities correlate with
e-sports performance (Andre et al., 2020; Toth et al., 2019), the question arises as to how

physical activity affects e-sports performance.
3.1. E-sports from a Mental Perspective

Beyond Ding et al. (2018), several studies have examined the mental demands within e-sports.

Various mental skills have been identified, such as anxiety management, sustained attention,
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and emotional self-regulation, which competitive players use to enhance their performance
(Himmelstein et al., 2017). Similar to traditional sports (Lazarus, 2020), emotions can also
impact a player's performance (Behnke et al., 2022). Toth et al. (2020) identified key abilities
in action video games, including task-switching, information processing, attention, and

memory.

Stress is also emerging as an issue in relation to esports, which is supported by several studies.
One study, for instance, reported an increase in anxiety levels among winners, as well as
elevated cortisol levels from baseline to post-game states. Additionally, two studies observed
the activation of the sympathetic nervous system (Leis and Lautenbach, 2020). During an
esports competition, where players must perform under stress, they exhibit higher heart rates
(Valladao et al., 2020), and after the competition, their mental fatigue levels increase, further
confirming the mental strain of esports (Andre et al., 2020). It also matters whether the opponent
IS a computer program or another human; in the latter case, a higher heart rate is observed
(Watanabe et al., 2021).

3.2. E-sports from a Physical Perspective

E-sports activities are performed while seated, and a sedentary lifestyle negatively affects the
human body. It increases the risk of cardiovascular diseases, cancer, metabolic disorders, and
musculoskeletal conditions such as joint pain and osteoporosis. Additionally, a sedentary
lifestyle is linked to depression and other cognitive impairments (Park et al., 2020; Cantrell et
al., 2023). A study investigating the negative effects of prolonged sedentary activity found that
breaking two hours of gaming with a six-minute walk resulted in 70% of participants reporting

an improvement in their e-sports performance (DiFrancisco-Donoghue, 2021).

While heart rate increases during e-sports activities similarly to physical exercise, energy
consumption does not rise, and blood glucose levels increase, unlike in physical exercise, where
glucose levels decrease (Haupt et al., 2021). First-person shooter (FPS) games induce greater
peak heart rate changes compared to multiplayer online battle arena (MOBA) games (Sousa et
al., 2020).

E-sports players believe that a healthy lifestyle and proper time management can enhance their
performance, indicating that further research is needed to examine the impact of physical



exercise not only on cognitive functions but also on specific e-sports performance

characteristics (Sharpe et al., 2023).

Professional e-sports players are more likely to lead physically active lifestyles and exceed the
physical activity guidelines recommended by the World Health Organization (WHO) (Voisin,
2022; Trotter et al., 2020). These professionals spend over five hours a day practicing, with
about one hour dedicated to physical training, and more than half of the players believe that
physical training positively affects their performance (Kari & Karhulahti, 2016; Kari et al.,
2019).

4. The Relationship between E-sports Performance and Physical Activity

Research on the impact of physical activity on e-sports is still in its early stages, often borrowing
ideas and practices from traditional sports research (Leis et al., 2021). Physical activity is an
invaluable source of physical and mental health and is directly and indirectly related to the

quality of performance in e-sports players (Koci¢ et al., 2022).

A summary study revealed that individual performance indicators such as reaction time,
response time, keyboard skills, and mouse control are important performance factors that
correlate with match outcomes, and these skills improve with more time spent playing (Sanz-
Matesanz et al., 2023).

Exercise improves cognitive functions (Ludyga et al., 2020; Wilke et al., 2019) and mental
well-being (Lubans et al., 2016; Schuch et al., 2016). However, few studies have examined how

exercise affects mental well-being or cognitive functions within e-sports performance.

One study applied High-Intensity Interval Training (HIIT) intervention 20 minutes before
gameplay, resulting in a 75% increase in attack accuracy and a 9% increase in target elimination
in a specific League of Legends game test (de Las Heras, 2020). Another study compared the
effects of walking, continuous gaming, and rest on e-sports performance from both objective
(in-game data like K/D ratio or W/L ratio) and subjective (players' perceptions) perspectives.
While there were no significant differences in objective terms, a weak but positive relationship
was found in subjective terms, with players feeling that walking was the most effective way to

boost performance (DiFrancisco-Donoghue, 2021).



Higher cardiorespiratory fitness and reaction time are significantly correlated among e-sports
players, suggesting that players with better cardiorespiratory fitness are faster and more
accurate (Dykstra et al., 2021).

In summary, existing studies do not show clear results regarding the effects of physical activity
on e-sports performance. The consensus mainly lies in the attitudes and motivation of e-sports
players toward exercise, as most players believe that exercise benefits their performance.
However, the limited research on this topic warrants caution in drawing definitive cause-and-
effect conclusions (McNulty et al., 2023).

METHODOLOGY

1. Structure and Logic

Following the theoretical background, we defined several questions and conducted various
studies to comprehensively analyze the topic. We categorized our studies into two areas (sports
education and sports science) and established long-term, medium-term, and short-term time
frames for easier structuring. Using a visual map, which is also included in the full PhD

dissertation, we can graphically illustrate the structure of the work (Figure 2).

We conducted four experiments in total. After the introductory research (1), the experiments
were divided into sports education (1) and sports science (2) categories (see methodology
sections 2, 3, 4, and 5). The structure and methodology of the dissertation involve discussing
the completed research and experiments in separate chapters after the introduction and literature
review. In this summary, we proceed similarly, first detailing the methodology of each of the
four studies in the methodology chapter. The order, which will also be maintained in the
following chapters, is: Introductory research, Long-term research, Medium-term research,

Short-term research.
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2. Pilot study: Methodology

This study aimed to observe whether implementing the basic pillars of a healthy lifestyle in the
life of a Hungarian professional player (at the T3 level on the international ladder) would lead

to visible, objective performance changes.

Some e-sports players have irregular sleep patterns and poor eating habits (Wattanapisit et al.,
2020; Chan, 2022; Yin et al., 2020). A large percentage are inactive and do not engage in
physical activity at all (Trotter et al., 2020).

We needed to find a player in the Hungarian T3 environment who met the above characteristics
and was willing to undergo lifestyle changes for the research. Preliminary inquiries were made
through personal contacts, thanks to the Hungarian professional e-sports background, and an
in-depth interview was conducted to uncover general lifestyle habits.

Based on the in-depth interview and literature analysis, we defined three basic pillars of lifestyle
changes to be implemented in the player's life: a regular and consistent sleep pattern, a diet
guided by a nutritionist, including three mandatory daily meals, and a physical training plan

executed three times a week with the help of a personal trainer.

From the perspective of e-sports performance, two objective data points were defined: the K/D
ratio! during ranked matches, indicating the total number of "points" the player earns or loses
for the team, and the win ratio (WR?) during ranked matches, which encompasses more
complex problem-solving abilities, communication, and stress tolerance, as it is a team game
where individual performance is not the only factor. We did not specify the number of matches

to be played, instructing the participant to play as much as they usually do.

The research lasted for two months, from January 1 to March 1, 2020. In the first month, we
monitored the two defined performance metrics (WR and K/D) without any lifestyle changes,
and in the second month, we implemented the three healthy lifestyle elements and monitored

the same variables.

! From the english words , kill/death”
2 From the english words WinRate



Additionally, we measured physical condition changes using an InBody720 body composition
analyzer before and after the experiment, and mental strength changes through questionnaires,
focusing on the state of "burnout.”

3. Long-term Research — Sports Education: Methodology

We conducted a case study involving one of Hungary's top-level e-sports players with the most
achievements. The study aimed to examine the potential for changing the mentality and
approach to sports of a professional T1-T2 player with the help of a mentor who embodies
sports values and sets an example through their appearance and behavior (Zhao, 2015).

We sought out a Hungarian player through personal contacts who held a professional contract
internationally at the T2 or T1 level and whose main source of income was e-sports. It was also
important that physical activity and exercise were not part of their life, and they held a negative

mentality towards sports at the beginning of the research.

According to our vision, the values represented by sports can be conveyed to an internationally
competitive e-sports player through a sporty mentality and exemplary behavior. The statement

we have formulated in this regard is as follows:

1. A Hungarian e-sports player with outstanding achievements can also be educated in
sports and can be instilled with values related to sports, such as a love for physical
activity, perseverance, and handling defeats, through exemplary behavior and a close

mentoring relationship.

The goal was to introduce physical activity into the player's life and change their mentality.
Changes in the player's mentality and responses were examined through their social media

communication over the four-year research period.

We also interviewed other Hungarian professional (T3-level) players who encountered the same

mentor and made notes based on their responses about the healthy e-sports mindset.

4. Medium-term Research — Sports Science: Methodology

We conducted an experiment in which university students were invited to participate in a
medium-term ranked e-sports competition with a control group. The students were divided into

two groups: a physical activity (PA) group and a control group. The research aimed to examine
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the differences between the two groups' results in a selected game's ranked competition, with
all other conditions remaining constant. The research was conducted anonymously, with no

identifying information collected.

The first task in designing the research was to ensure equal conditions for all participants.
Therefore, the preliminary questionnaire included a question to determine what e-sports games
the participants had played and which they had never tried.

After a market analysis, we targeted a newly released game that met all the criteria for an e-
sports title (Szabella, 2018) and was freely available. The selected e-sports title was "The

Finals."

Once the number of participants (n=21) was determined, we divided them into two groups. One
group was named the physical activity (PA) group, and the other the control group. Group
allocation considered potential sports obligations, so those who indicated they were certified or

national athletes could only be placed in the PA group.

The groups were divided to ensure that both groups had an equal number of trained participants,

as much as possible.

In-game, both groups were required to play 20 ranked matches within a week. The physical
activity group had to engage in 30 minutes of cardio exercise (running or cycling) four times a
week and document it, while the inactive (control) group could not engage in any exercise and

had to document this as well.

The research examined the expected results versus the actual results within the context of the

two different groups, as well as the perceived task difficulty on the BORG scale.

Communication took place on an online messaging and communication platform, Discord, and

daily administration was handled by each participant via a shared Google Drive folder.
Two hypotheses were formulated for the research:

1. The physical activity group will achieve better results in the ranked competition under
the same conditions as the control group.
2. According to the BORG Scale, the control group will find the task more difficult from

week 6 to week 12 than the physical activity group.

11



5. Short-term Research — Sports Science: Methodology

This experiment aimed to examine whether physical activity interventions during e-sports
performance-focused tests result in performance improvement or decline and whether this is
reflected in graphs recorded by a portable EEG device. Since we know that physical activity
positively affects cognitive functions, and some cognitive functions are necessary for good e-
sports performance, it is a logical assumption that physical activity could have real-time effects

on e-sports performance or its components.

We tested this hypothesis by applying a specially developed research model. The method

consisted of two parts: a preliminary measurement and an e-sports-specific measurement.

During the preliminary measurement, we established the baseline for the subjects, asking about
their time spent playing, demographic data, and sports habits. Additionally, we performed a
VO2 max test to assess their cardiovascular system's condition. The subjects also completed a
STROOP test while wearing an EEG device, during which we examined the mental fatigue
reflected in the brainwave graphs.

The second examination focused on specific e-sports mechanical skills identified in the
literature, combined with a physical activity intervention. The test consisted of four blocks,
each containing the same tasks (see section 5.1: E-sports-specific test descriptions). The first
two blocks were completed without a break, followed by a rest between the second and third
blocks, and then physical exercise (HIIT) between the third and fourth blocks, with the subjects
continuously wearing the EEG device.

The experiment was conducted offline and took approximately 360 minutes from arrival to
departure, with a total of 12 participants. A strict protocol was followed between the two test

parts, including a break (see section 5.2: Break protocol).

Participants had to meet the following criteria:

e Plays or has played a MOBA or FPS game

e Competed at T1, T2, or T3 levels with a contract
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e Previously competed at T1, T2, or T3 levels but is now retired
o Agrees not to consume stimulants like caffeine or other psychoactive substances at least
4 hours before the test

These studies may have revealed how brain waves indicating mental fatigue change in real time
as a result of physical activity. We could learn how individuals who are more physically active
or have better cardiovascular systems respond to the onset of mental fatigue. Ultimately, we
could see whether any changes in brain waves or performance indicators could be detected.

This is illustrated in the research design graphic below, explained with color codes.
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In order to answer the research questions above, the following hypotheses were formulated and

examined in the dissertation:

1. Mental fatigue can be assessed during e-sports activities using EEG devices by

analyzing alpha and theta waves.
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2. Individuals with better cardiovascular health perform better in mental fatigue
simulation tests.

3. There is no correlation between the STROOP test and the time spent playing games.

4. Mental fatigue that arises during e-sports performance tests can be mitigated through
physical activity interventions.

5. After a physical activity intervention, players show different EEG activity during e-
sports performance tests compared to when no physical activity is performed.

6. Physical activity interventions do not impair mechanical abilities in the second phase
of the e-sports tests.

7. Players’ subjective well-being is better during the phase with physical activity
intervention than during the control phase.

5.1 E-sports-specific test descriptions
1. Reaction Time Measurement

We used the Human Benchmark online program, which offers a test accessible through a
website. In this test, the subject sees a red section on the screen with the message "Wait for
green™ and must click as soon as the red area turns green. The program immediately displays
the result, which the test leader records. Each participant had three attempts, and the average of
the three trials was taken as the result.

2. Visual Memory

In the visual memory test on the Human Benchmark online program, blue squares appear on
the screen, some of which turn white and then blue again. The participant had to click on the
squares that had turned white from memory. As the test progressed, more squares appeared on
the screen. The test ended after three incorrect clicks. The result was provided by the "level X"
in the upper left corner of the screen.

3. Typing Skill Test

We tested typing skills using the "Typing test" function in the Human Benchmark online
program. Participants were given a text to type on a blue screen. As they typed, correct letters

appeared in green, and errors in red. The task was considered successful if the full text was
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typed. The result was recorded based on the WPM (Words Per Minute) score after typing the
text. Any remaining errors at the end were noted by the research leader.

4. Mouse Usage Skill Measurement

The mouse usage skill was tested through the "Gridshot Ultimate” minigame in the Aim Labs
program. In this minigame, blue spheres appear on a 3D background, and the participant must
click on them as quickly as possible. At any given time, three targets appear on the screen, and
when one is hit, a new one appears. The task lasted 180 seconds. The program provided a score
that took accuracy, number of targets hit, and missed clicks into account. The research leader

also recorded the accuracy displayed as a percentage.
5. E-sports Game in FPS or MOBA Types

After the preliminary tests, participants immediately played a full ranked game in their preferred
FPS or MOBA game. The game was designed to simulate mental stress, and the game result
and the player's individual statistics were recorded. Participants played ranked matches in two
types of FPS games (Rainbow 6: Siege, Counter-Strike 2) and one type of MOBA game
(League of Legends).

5.2 Break Protocol

Between the preliminary measurements and the e-sports-specific measurements, we provided a
minimum 60-minute break, including fresh air, walking, and a meal. After finishing the
STROOP test, participants were instructed to get up from their computers and prepare for fresh

air, walking, and eating.

The goal of the break was to allow the participants to recover from the mental and physical
stress of the preliminary measurements so they could start the e-sports-specific measurement
unaffected by previous tasks. Each participant walked the same distance, which was 2 x 600m
outdoors, and consumed the same meal. According to the Yazio calorie tracking program, the

meal contained 453 calories (299 carbohydrates, 33g protein, 21.8g fat).
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RESULTS
1. Pilot Study: Results

The first part of our study focused on in-game performance during the experiment. The results
were displayed on graphs (Figure 4).

RANKED STATS RANKED STATS

K/D
w 1.3

K/D
[

Kills Deaths
226 170
50 Matches 45 Matches
23 27 6% 2 B 0%
Headshots Headshot % KOST Headshots Headshot % KOST
102 46% 63.7% 109 48.2% 66.1%
Kill Assists Melee Kills Time Alive/Match Kill Assists Melee Kills Time Alive/Match
66 1 793 47 0 7101
Time Dead/Match Distance/Match Time Dead/Match Distance/Match
158.8 182.8 139.6 185.8

Figure 4: In-game results (K/D and WR) during the first and second phases of the experiment (source:

statistics based on tabstats.com)

The two in-game data points examined were the K/D ratio and the WR. The results are clearly
visible on the two graphs. In the first month, when there was no lifestyle change (left), the
results were 1.1 K/D and 46% WR. In the second month (right), the K/D ratio improved to 1.3,
and the WR increased to 60%.
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Among the short subjective questions, one of the most important was how many matches the
player could play without burning out, i.e., in our interpretation, without becoming so mentally
frustrated that they stopped playing.

Ha a ranked meérkézéseket tekintjlk, hany meccs utan érezted az edzések elétt, hogy
mentalisan kiegsz?

1valasz
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[ ]
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Figure 5: Question about the number of ranked matches before lifestyle changes (source: self-created)

Ha a ranked mérkézéseket tekintjlk, hany meces utan érezted az edzésak utan, hogy
mentalisan kiegsz?

1walasz

i

Figure 6: Question about the number of ranked matches after lifestyle changes (source: self-created)

According to the player's feedback, in the first month of the study (Figure 5), they burned out
after playing six ranked matches, while in the second month (Figure 6), this number increased
to eight ranked matches.
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2. Long-term Research — Sports Education: Results

In 2019, at the beginning of the research, the player was a member of the Mad Lions team,
competing in the top-tier Spanish League of Legends (LOL) championship. During 2019, the
player achieved fourth place in a B3-tier tournament and fourth place in an A-tier tournament.
The player then transferred to the French league, joining the Gamers Origin team.

In 2020, the player won the French league (B-tier) twice with their team, but the team only
reached the 5th-8th position in the European Masters (A-tier). The player left the team after a
year and a half but stayed in the French league, transferring to the newly established Team
BDS. During this time, the player did not win any championships and did not qualify for the
European Masters. After a year, the player left Team BDS and returned to the Spanish league
to join Team Heretics. The Team BDS organization purchased a slot in the LEC (S-tier)
competition system, but the player was not taken along and continued playing in the Spanish

league (B-tier) under the new team name, Los Heretics.

During this period, the player continuously underwent sports education, as evidenced by their
social media communication. Screenshots of key points in this communication are included in
the dissertation's appendices. The development was divided into four stages: interest phase,

failure, breakthrough, and a sporty life with motivating others.

When the professional player first encountered the mentor focused on healthy player methods,

they developed an internal interest in the mentor and the ideas represented.

In the next phase, the player sought concrete help in changing their lifestyle. We provided all
the necessary tools, including workout plans, diets, and continuous support. However, despite

this, the period was marked by multiple setbacks, abandonments, and failure to adhere to plans.

After the previous phase, a breakthrough occurred, with physical activity becoming a daily part
of the player's life, which was also reflected in their social media communication. The player
often viewed physical exercise as a form of "therapy" and could not imagine their days without

regular exercise.

3 In the full document of the dissertation we use the S-A-B Tier system because of the pictures included instead
of the previously introduced T1-2-3 system. The meaning is the same.
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What followed was the independent planning, organizing, and spreading of a healthy lifestyle.
During this stage, the player independently explored various training methods, tried different
diets, and read articles related to healthy living. This period also marked the rise of the
"gymbros™ nickname in Spain, referring to the player's team, as after their arrival, the entire

team began working out together.

Interviews with two other Hungarian professional-level (T3) players also yielded positive
results. The responses revealed that they encountered this method during a crucial life stage—
the transition to adulthood—making it an opportune time to learn new and positive habits. All
interviewees reported receiving significant benefits, and it was revealed that since retiring from
their professional e-sports careers, they have continued to lead active lifestyles, with one of

them undergoing a complete lifestyle change.
3. Medium-term Research — Sports Science: Results

After the 12-week research period, several interesting direct and indirect results were reported
concerning the hypotheses. The uniqueness of the research lies in the fact that the participants
were university students with student status, forming the sample that received the preliminary
questionnaire. Originally, 21 participants were found suitable and voluntarily agreed to
participate in the study, including completing the 12-week administrative tasks. One participant
was excluded in the first week due to not meeting the conditions of the preliminary
questionnaire. By the 12th week, 14 out of 21 participants completed the study, resulting in a
33% dropout rate. It is also important to note that while 6 participants from the control group
failed to meet the requirements, none of the participants from the physical activity (PA) group

dropped out.

At the beginning of the study, participants were asked via a questionnaire (see appendix 4 of
the dissertation) to estimate the rank they expected to achieve over the 12 weeks. These

expectations were then compared to the actual rank achieved at the end of the 12th week.

Among the participants, five had previous gaming experience (three in the PA group and two
in the control group). They achieved the highest ranks, with three finishing in platinum and two
in gold by the end of the study. The best result was platinum 2, the 15th highest rank out of 20.
The control group's average result was gold 4, while the physical activity group’s average result

was silver 2.
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If we exclude the participants with prior gaming experience from both groups, the control

group's rank changes to silver 4, and the PA group's rank changes to silver 3.

Regarding the BORG scale results, the following table summarizes the findings:

BORGK®6s BORGKk6e BORGK12s BORGK12e
blazeluvsyou* 0 8 0 5
vorosviktoriab164 0 1 0 3
dtas187 0 5 0 7
PIXEL 6750* 0 4 0 7

BORGpabs BORGpabe BORGpal2s BORGpal2e
agardy.peter 6 3 6 7
itznorbi* 8 6 7 9
mestervio 8 7 6 4
TBB555 6 9 6 8
Tomi0114 3 8 2 8
bur sza 4 7 4 6
MatezzHUN* 2 8 2 8
Ricso5* 5 1 4 1
thekm10 6 2 8 2
vincent 1231 5 7 5 3

Table 1: BORG Scale Results (source: self-created, 2024)

When examining the results of the two groups separately, in the control group, the perceived
difficulty of performing the task increased by one full point on the BORG Scale, from 4.5 in
the first week to 5.5 in the second week. In the physical activity group (PA), the score was 5.8
in the 6th week and 5.6 in the 12th week, indicating a decrease of 0.2 in the perceived difficulty
of the task.

An important takeaway from this research is that it provided many insights regarding the

research methodology, the game used, and the fact that the subjects were students.

4. Short-term Research — Sports Science: Results

The study involved 12 participants: 4 professionals, 3 semi-professionals, and 5 retired
professional/semi-professional players, with an average age of 23.75 years (minimum 18,
maximum 34). The participants had an average of 9,200 hours of gaming experience, with the
highest being 15,000 hours and the lowest 3,000 hours. The e-sports titles included two League
of Legends players, three Counter-Strike players, and seven Rainbow Six: Siege players.

20



Out of the 12 participants, the average BMI was 24.93, but with significant variation—the
lowest being 16.5, indicating underweight, and the highest being 30.35, indicating overweight.
Thus, the average participant was at the upper end of the normal BMI range, but only one

participant had a normal BMI of 22.59.

When examining the VO2 max results based on a table in the dissertation (see Table 1), which
categorizes fitness levels from very poor to excellent by age group, the overall average for the
participants was 37.4 kg/m”2, falling into the poor category for their average age. If we examine
the results individually, considering age, the findings are as follows: very poor: 2; poor: 2; okay:

6; average: 2. No participants achieved a better-than-average result®.

Regarding the IPAQ questionnaire results, three participants reported being inactive, two
reported minimal activity, and seven reported engaging in health-preserving physical activity.
It is important to note that the questionnaire was self-reported, and participants tend to

overestimate their physical activity (Prince et al., 2008; Lee et al., 2011).
4.1. E-sports Performance Results

In all four cycles, the participants' data were compared to their own results as the study
progressed. The results were displayed on graphs, with different colors representing the data

for different participants (Figures 7-11).
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Figure 7: Reaction Time Results (source: self-created)

4 Based on the normal BMI graph: https://myhealth.alberta.ca/Health/Pages/conditions.aspx?hwid=zm2277
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Figure 11: Mouse Skills Accuracy Results (source: self-created)

The general pattern observed in the results is that in the individual skill tests (except for the
ranked match), the fourth measurement after the physical activity intervention yielded the best
results, despite it being the final measurement, meaning that the players had been mentally
taxed for several hours. Regarding accuracy, however, the second measurement was the best,
with a score of 90.92, while the fourth measurement fell short by just 0.11 points (Figure 11).
Furthermore, the second measurement was better than the first in all tests, and the third
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measurement, except for mouse skills score (Figure 10), was worse than the second in all other
tests. The mouse skills score showed continuous improvement over time (Figure 10). In terms
of percentage change, the improvement between the first and second measurements was 7.4%,
between the second and third measurements was 0.69%, and between the third and fourth

measurements was 4.9%.
4.2. Portable EEG Graph Results

In reporting the results, we highlight one participant with the best VO2 max score and one with
the worst, and compare their data in the STROOP test and the in-game control test (Figures 14-

15), as well as before and after the physical activity intervention (Figures 12-13).

Mind Monitor - Absolute Brain Waves

Mind Monitor - Absolute Brain Waves

Figure 12: E-sports-specific 3rd and 4th Measurement EEG Graph for the Least Fit Participant

(source: self-created)

Figure 13: E-sports-specific 3rd and 4th Measurement EEG Graph for the Most Fit Participant

(source: self-created)

24



Mind Monitor - Absolute Brain Waves

Figure 14: STROOP Test EEG Graph for the Most Fit Participant (source: self-created)
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Figure 15: STROOP Test EEG Graph for the Least Fit Participant (source: self-created)

On the graphs, we examined the alpha (blue) and theta (purple) waves, comparing them within

the same participant across tests, and between the fittest and least fit participants.

DISCUSSION

1. Pilot Study: Discussion

When looking at the player's initial K/D ratio data, it was relatively low compared to some
professionals but average for players in similar T3-level leagues (Richman, 2022). The win rate
(WR) was very weak, well below the 50-55% average. The game algorithm aims to achieve a
50% win rate to maintain the most balanced matches (Minar, 2016).

During the lifestyle change period examined in the study, in-game statistics improved. The K/D

ratio increased by 0.2, which is roughly average compared to international professional players
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but significantly better than the general average (Richman, 2022). The win rate increased by

14%, reaching 60%, which is well above the average (Minar, 2016).

Overall, the player showed positive changes in all areas. The K/D ratio and win percentage

increased, and the number of matches played before burnout rose from 6 to 8.

Both hypotheses we formulated for this study were confirmed. The win rate increased by 14%,
from 48% to 60%, and the K/D ratio improved by 18%, from 1.1 to 1.3.

This is particularly interesting because we assumed that we could influence only individual
performance (K/D ratio) when formulating the hypotheses. However, the significant increase
in the win rate suggests that the player's performance plays a more critical role in the outcome

of ranked team matches than we initially thought.

2. Long-term Research — Sports Education: Discussion

At the beginning of the case study, the player admitted that they were not regularly physically
active and had a negative attitude toward sports. Their negativity primarily stemmed from the
belief that exercise was a waste of time, as they said, "the time spent working out could be spent
playing games." While it is true that time spent in-game is highly correlated with e-sports
performance (Sanz-Matesanz et al., 2023), it is also true that physical activity benefits mental
functions (Taylor, 2022). The player eventually began to realize that exercise wasn’t necessarily
a bad thing, and after working out, they felt like their "mind was clearer.” This reaction was

similar to that of the participant in the pilot study.

By the end of our case study, the player had adopted a more athletic mindset and began
motivating those around them to live a healthy and active lifestyle. A good example of this is
their time in the Spanish league with Team Heretics, where the team earned the nickname
"gymbros™ in the Spanish community after the player's arrival (Loemifar, 2023a), as they
frequently discussed and posted about their workouts on social media during a period when the

Spanish league was breaking viewership records (Nicholson, 2023).

There were two major setbacks in the player's career, both of which they managed to overcome
with the help of sports. The first occurred while playing in the French league for Team BDS.
At the end of their year with the team, the organization purchased a spot in the LEC (League of

Legends European Championship), meaning the player could have advanced to the top-tier

26



league without a transfer. However, this did not happen, and by the season’s end, the player had

to leave the team.

A similar situation unfolded the following year with their team, Team Heretics, in the Spanish
championship. Again, their team bought a spot in the LEC franchise league. The key difference
compared to Team BDS was that Team Heretics had won both the Spanish league and the Tier
2 European Masters, where the player was named the finals' MVP (Stoica, 2022). Once again,
the player could have become a Tier 1 player without a transfer, but just like in the French

league, they did not receive a Tier 1 contract.

These moments served as a real test of whether the player could utilize the values they had
gained from sports and whether they had developed the perseverance and fighting spirit

characteristic of true professional athletes.

Our hypothesis was confirmed in this case, as the professional e-sports player had become an
advocate for an active lifestyle and could no longer imagine their days without physical activity,

which had become a form of "therapy."

3. Medium-term Research — Sports Science: Discussion

Regarding the BORG Scale, we aimed to assign tasks that were neither too little nor overly
burdensome, which is reflected in the average scores around 5. The most significant finding in
this study was that participants in the control group perceived the task difficulty as increasing
by one full BORG scale point over the 12 weeks, while the physical activity group experienced

a decrease of 0.2 points in perceived task difficulty.

This finding aligns with the research by Leis et al. (2022), which suggests that physical activity
can effectively reduce the perception of task difficulty, supporting the idea that physical activity
is a viable coping mechanism for managing stress. The participants in the control group, who

were denied this coping mechanism, showed an increase in perceived task difficulty.

Our first hypothesis, that the physical activity group would achieve higher ranks than the
control group under the same conditions—initially appears invalid, as the control group ended
the study with an average rank of Gold 4, while the physical activity group's average rank was
Silver 2, which is two ranks lower. However, when considering the dropout rates and the

distribution of participants with prior gaming experience, we see that 50% of the control group
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had prior gaming experience, compared to only 33% in the PA group. This disparity, combined
with the uneven group sizes due to dropout, complicates the analysis. In this case, our
hypothesis about ranking outcomes could not be confirmed.

However, when we exclude participants with prior gaming experience from both groups, the
control group's average rank changes to Silver 4, and the physical activity group's average rank
changes to Silver 2. This result, showing that the PA group ranked higher on average, confirms

our hypothesis regarding ranking outcomes.

Our second hypothesis, that the control group would perceive the task as more challenging
over time, was clearly confirmed, as the control group's perceived task difficulty increased by
one full point on the BORG Scale, while the physical activity group's perceived difficulty
decreased by 0.2 points.

Among the lessons learned from this research were challenges related to participant issues, the
differences in dropout rates between the control and PA groups, high equipment costs,

difficulties in ensuring equal conditions, and administrative challenges.
4. Short-term Research — Sports Science: Discussion

The e-sports-specific measurements yielded several interesting results. The first and most
important is that physical activity has a clear impact on mechanical skills, and in most cases,
this impact is positive. It is also noteworthy that among the 12 participants, none experienced a
situation where the physical activity intervention did not at least prevent a decline in one e-
sports performance-related skill. In at least one aspect, the HIIT intervention applied after
several hours of gameplay resulted in positive changes.

If we accept the fact that performance tends to decline over time as the e-sports player becomes
fatigued, it would be logical to expect the worst results to occur in the final, fourth measurement,
when the experiment had already lasted about 3 hours. However, in many cases, the fourth
measurement yielded the best results, often better than the previous measurements (reaction
time, keyboard skills, visual memory, and mouse skills tests in 75% of cases, and accuracy tests
in 66% of cases). In only a few instances did performance decline, and even then, the decrease

was minimal.
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The outstanding value of the second result is also worth explaining, especially in light of why
the first result isn't the best if we follow the logic of continuous fatigue. Since all participants
performed the tasks on the same unfamiliar equipment, the higher scores on the second result
can be explained by the fact that the participants had become accustomed to their environment,
their equipment, and had "warmed up" to the task types—using terminology borrowed from
traditional sports. This acclimatization helped improve their performance despite the
expectation of growing fatigue.

The third measurement, which took place after 2 to 2.5 hours of testing, generally showed a

decline in performance compared to the first or second measurement.

The fourth measurement results, when examined on average, sometimes exceeded those of the
second measurement, particularly in reaction time, visual memory, and mouse skills. This
suggests that for some players, physical activity can create an even better state than the

"warmed-up" state observed in the second measurement.

Regarding the EEG graphs, it is visually apparent that despite spending a similar amount of
time on the STROOP test (30 minutes) and the selected e-sports game (25-45 minutes), the
EEG graphs (Figures 12-13 and 14-15) look different. During the STROOP test, the waves are
much smoother, with fewer amplitude changes, whereas during the game, the alpha and theta

waves, which indicate fatigue, become much more erratic.

When comparing the graphs between the fittest and least fit participants, we see that the fitter
participant’s fourth EEG graph, recorded after the physical activity intervention, closely
resembles the "automatic” STROOP test graph.

Comparing the third and fourth EEG graphs of the fittest participant (Figure 13) to the least fit
participant's EEG graph (Figure 15), it is clear that the fitter participant's fourth graph is much
closer to the STROORP test graph than their first EEG graph.

Regarding our hypotheses 1-5 (see below), we observed noticeable changes in the generated
EEG graphs related to the effects of physical activity. However, we were unable to observe the
increase in the energy output of alpha and theta waves as mental fatigue progressed, as
described by Trejo et al. (2015) and Chai et al. (2016). Instead, we detected irregular alpha
wave rhythms as described by Barnes and Brieger (1946), meaning that our first hypothesis

could not be confirmed.
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For the second hypothesis, we compared two sets of data against the cardiovascular system's
VO2 data, as the mental fatigue simulation test (STROOP) generated two data sets. We found
weak correlations in both cases, with one being negative (-.218) and the other positive (.172).

In the third hypothesis, similar to the second, we compared two sets of data against the time
spent playing the game, as previously described. Again, we reached the same conclusion: one

correlation was negative (-.315) and the other was positive (.206).

For the fourth hypothesis, we found that in fitter individuals, the amplitude of alpha and theta
waves decreased after the physical activity intervention, similar to the STROOP test. However,

in the least fit individual, there was no visible change.

Our fifth hypothesis requires further research to be fully answered. The current analysis
suggests that physical activity does have an effect, as the EEG waves of fitter participants
appeared smoother during the fourth test, which measured mental strain. However, there was

no significant difference for the least fit individual.

We were able to fully confirm our sixth hypothesis, as the overall results showed
improvements in all five areas (Reaction Time, Visual Memory, WPM, Mouse Usage, and
Mouse Accuracy) during the fourth test, with some scores even surpassing those of the third

test.

Finally, regarding our seventh and last hypothesis, we found that 11 out of 12 participants
responded positively to the physical activity intervention, reporting feeling more refreshed and

experiencing improved well-being afterward.

CONCLUSION

We can observe that the anticipated and increasingly applied integration of physical activity in
e-sports on an international level can indeed impact performance. However, what has yet to be
supported by data is that this effect manifests not only in subjective experiences (which are also
extremely important) but also in objective indicators that influence and form the foundation of

e-sports performance.

When looking at the results of this short-term research, breaking up a 2-3 hour gaming session

with physical activity not only halts the decline in performance caused by mental fatigue but
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also shifts it in a positive direction. There was no participant in our study who did not show

improvement in at least one of the examined factors.

Another important finding from this PhD dissertation’s research is that sports indeed serve as
an excellent stress management mechanism. Through this, members of the subculture involved
in e-sports and video games can receive positive feedback, enabling a long-term approach to

fostering a more active and healthy lifestyle through sports.
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