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Abstract

Eye tracking refers to using the movement of the eye to determine where the user is looking (Zhang, 2008).
This thesis will look at the use of eye tracking within a Multiplayer Online Battle Arena game (MOBA) and
investigate its utility in analyzing gameplay. An application has been developed to gather eye tracking

data, and by employing data source triangulation this data is used together with replays and statistics to
understand gameplay. Findings reveal that eye tracking can add value, but it is time consuming to use a
manual triangulation method of analysis, in particular using the video replay. Furthermore, while the research
finds that the data from the eye tracking application is interesting and potentially useful, it is necessary to

carry out more experiments with more players and more games to find its full potential.
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Glossary

Eye tracking: using the movement of the eye to determine where the user is looking (Zhang, 2008).

eSports: refers to “situations where computer games are played competitively” (Schubert, Drachen, &

Mahlmann, 2016).

MOBA: Multiplayer online battle arena (MOBA) is a game genre in which two teams compete against each

other on a single battleground (Niedhardt, Huang, & Contractor, 2015).
Battleground: the environment (map) that a game takes place

Lane: a lane is one of the main paths on the battleground. Battlegrounds in Heroes of the Storm has two or

three lanes.

Experience: experience is a measurement unit. Experience is gathered by killing enemy minions, enemies or

doing objectives. When the experience reaches a certain point the team will gain a new level.
Hero: a hero is a playable character.
Spawn: come to life or when an objective begins.

Death timer: the death timer is how long it takes for a hero to return to battle after a death. The death timer

increases the longer a game lasts.
Mount: in Heroes of the Storm players can use a mount to move faster across the battleground.

Pings: pings are a way to issue information quick to your team. A ping will show up on the mini-map, create

a sound and add text to the chat box.

Talents: in Heroes of the Storm players can choose talents when they level up to specific levels (1, 4, 7, 10,

13, 16 and 20). Talents can improve talents or the hero’s trait or add new talents.

Questing talent: talent that require the player to complete a certain task to unlock the full potential.
Mercenary camp: monsters that players can kill and capture that will push one of the enemy’s lanes.
Soak: to soak a lane means to stay in range of dying minions to get experience.

Objective: battleground mechanic that gives the winning team an advantage.



1 Introduction

eSports has grown to be very popular both for players and viewers (Schubert et al., 2016). Professional
players can earn millions of dollars in prices, and eSports has become a crucial part of youth culture. With a
growing popularity the teams face higher competition and new ways of improving and understanding

gameplay can be explored.

The first attempts trying to figure out how the human eyes works by eye tracking can be traced back to 1792
(Thite & Brown, 2015). Recent years eye tracking has become more accessible and affordable for the general
public with products like the SteelSeries Sentry eye tracker (Tamburro, 2015) or Acet’s new monitors with

built in eye tracking (Miller, 2016).

1.1 Motivation

Work on this thesis is motivated by the curiosity that occurred when trying eye tracking for the first time.
Several options using eye tracking were suggested before deciding to use eye tracking to gather data from

MOBA games.

1.2 Research Questions

The main goal of this study is to experiment with eye tracking and game data to find out which data can be

interesting for game analysis.

1. Isit possible to gather eye tracking data in multiplayer online battle arena (MOBA) games?

2. Does eye tracking data add value in gameplay analysis in MOBA games?

The research was focused on answering these questions as eye tracking is not commonly used as a training
tool in electronic sports, this research looks if it is possible to use eye tracking for players or coaches to gain a
deeper insight into to where a player is focusing, and finding areas upon which the player can improve. The
answer to these questions is given by analyzing gameplay is analyzed to identify specific episodes in which eye
tracking data can be useful as a training tool and suggestions as to how eye tracking can be used to add
additional value to improving eSports players’ performances in MOBA games, and for use as a tool for

training gameplay.



1.3 Thesis Contents

The thesis is organized into 8 chapters and the following is an outline of the thesis.

Chapter 2: Backgronnd introduces the fields of eye tracking, eSports and the game used in this study.
Chapter 3: Method desctibes the research methods used in this study.

Chapter 4: The eye tracking application gives an overview of the application developed to conduct the study.
Chapter 5: Empirical study desctibes the implementation of the study.

Chapter 6: Analysis includes analysis of the data sets that was generated in the study.

Chapter 7: Discussion includes a discussion about the study and the data gathered.

Chapter 8: Conclusion presents the results and conclusions of the research.



2 Background

This chapter provides the background for the research. First the technique and field of eye tracking is
introduced. Then the videogame to which eye tracking will be added is described. The chapter ends by giving

examples of eSports analytics.

2.1 Eye Tracking

Eye tracking refers to using the movement of the eye to determine where the user is looking (Zhang, 2008).
Eye tracking can be used as input on a computer as a “pointer” on the screen to allow users to interact with
it. Eye tracking can also be used in research to determine where an individual is looking at any given time to
help HCI researchers to analyze visual and display-based information processing (Poole & Ball, 2005).

Commercial eye tracking vendor Tobii claim that eye trackers can determine your presence, attention, focus,

drowsiness, consciousness or other mental states (Tobii, 2015a).

2.1.1 Anatomy of the Eye

The human eye detects light and can perceive color, shape and depth by using the visual cortex (Zhang,
2008). Figure 2.1 shows the basic anatomy of the eye. When light enters the eye through the cornea bends the
light to enable the rays to freely pass through the pupil (National Keratoconus Foundation, 2015). The cornea
is a clear mass that covers the eye and works as a clear window. The pupil is the opening in the center of the
iris. The iris can enlarge or shrink based on the amount of light that is entering the pupil and it works like a
shutter in a camera. After the light has passed through the itis, the light rays go through the eyes lens which
shorten or lengthens to be able to focus the light rays properly. The light then passes through the vitreous,
which fills the globe of the eyeball and helps it keep the right shape. The retina processes the light into light

impulses through nerve endings and sends them to the optic nerve.



Citary body

Figure 2.1: Sagittal section of the adult human eye (Kolb, 2012)

2.1.2 The Evolution of Eye Tracking

Studies on eye tracking are dated as far back as 1792, where Wells used visual observations to understand
movements of the eyes (Thite & Brown, 2015). In 1879, Javal used mirrors to examine subjects while reading.
He saw eye movements as series of jerks (Richardson & Spivey, 2004). Javal counted the jerks by placing
microphone on a closed eyelid to record the number of jerk movements the eye performed while the subject
was reading. In 1897, the first recorded eye movements were recorded by Delbarre (1898), when he fixed
used a plaster-of-Paris and a lever to record eye movements. Edmund Huey improved this method by using a
surface covered by black powdery substance to record the eye movement (Thite & Brown, 2015). Dodge and
Cline used a non-invasive method to record reflections from the cornea of the eye in 1901 (Jacob & Karn,
2003). The subject had to remain motionless for the method to work, but it could show both horizontal eye
motion and the time used. Buswell (1935) and others had a breakthrough in 1930 when they were able to
record eye movements to a film reel. Jung used a technique in 1939 that could process real-time gaze data by
applying electrodes to the skin closest to a subject’s eye (Singh & Singh, 2012). Fitts, Jones and Milton (1950)
saw an opportunity to use eye tracking in 1947 by recording a pilot’s eye movements during airplane landing
and they could use this data to find the best placement of instruments inside the cockpit. A year later the first
head-mounted eye tracker was invented by Hartridge and Thompson (1948). In the 1980s, computers got
improved specifications, which led to the possibility to do real-time eye tracking. Today several eye trackers
are available, not only for researchers but also for the community marked. Much of the advancement today
regarding eye tracking in the current state is the balance between allowing the user to move their head and
body freely while obtaining a high-precision record of an observer’s point-of-regard (Richardson & Spivey,
2004).



2.1.3 How the Eye Tracker Works

Several different methods have been used to track eye movements. Today, most commercial eye trackers use
a “corneal-reflection/pupil-center” method (Poole & Ball, 2005), which by using an infrared camera enables a

computer to track the eye’s movements through an image processing service.

Figure 2.2 is a simple explanation of how the Tobii (2015b) eye trackers work. By connecting an eye tracker
to the computer the eye will reflect a pattern of near infrared light, which is seen by the camera. The eye

tracker then uses algorithms to calculate both the position of the eyes and gaze point on a computer screen.

The projectors

create a pattem of

near-infrared light
An eye tracker consists of on the eyes.
cameras, projectors and

The cameras

take high-frame-rate
images of the user's
eyes and the patterns.

algorithms.

4 The image processing
algorithms find specific
details in the user’s eyes and
reflections pattens.

Gaze point g
Based on these details,
mathematical algorithms calculate
Doiioesssrasres) . { the eyes’ position and gaze point,
I for instance on a computer monitor.

The Eye Tracker

Figure 2.2: How Eye Tracking works (Tobii, 2015¢)

The infrared light used in most eye tracking systems is reflected in the eye to make them easier to track (Poole
& Ball, 2005). The eye then reflects the light back to the tracker and makes the pupil appear bright. The
infrared light also causes a reflection in the cornea that can be used to calculate the position of the light and
the eye tracker can determine where you atre looking on the screen. Figure 2.3 shows how the reflection can
be used to determine where the eye is looking. To be able to use a video-based eye tracker each person must
go through a calibration process where the user looks at a 9- to 13-gtid point-pattern, and the computer

collects the data and calibrates the eye tracker according to your eyes.



Directed down and to
the right of the camera

Directed below the camera Directed at the camera

Figure 2.3: Figure 3 Corneal reflection changing according to point of regard (Poole & Ball, 2005)

2.1.4 Areas of Use

Eye tracking can be used as an input device to control computers in place of a traditional mouse and
keyboard. Zhang (2008) claims that the use of an eye tracker as a pointer and a button for choosing can be
faster than using a mouse. When using a mouse, the user has to scan the area to find the object they are
looking for, then move the mouse to the correct area and click a button to select. When using an eye tracker,
the user locates the intended target by looking at it, and can immediately follow up with a selection by either
gazing at the object or pressing a button. Some eye trackers might also support a head movement or blinks as
a selection method. This input method is especially useful for people with disabilities, where an eye tracker

can be the only source of communicating with other people.

Eye tracking can also be used for market research and advertise testing (Drewes, 2010). The eye tracker can

see if a person looked at a product or how much time he or she used to look at the company logo.

In the field of usability, eye tracking studies can be helpful when designing interfaces and information
placement by analyzing where people look. The designer develops an understanding the user’s behavior

enabling them to enhance the user experience.

Eye trackers are being used to study the cognitive, perceptual, and social-emotional development of children
from infant to early-adulthood (Tobii, 2015a). Eye tracking is also used in different fields of psychology and
neuroscience to gain a better understanding of how and why we move our eyes and how we gather
information. By analyzing eye movement, information researchers are also trying to accurately identify disease

and disorders.



There are portable eye trackers that can be used for gaining a better understanding of where people look and
fixate. By using a portable eye tracker, human performance can be analyzed. Martin, Cegarra and Averty
(2011) used an eye tracker to analyze the mental workload during air control trafficking tasks. To understand
where successful and less successful people look during tasks enables better training techniques and

understanding of the task.

An eye tracker can also be used to improve education and learning processes. Slykhuis, Wiebe, & Annetta
(2005) used eye trackers to study the attention students pay to photographs in a PowerPoint during science

education.

Eye tracking can also be used for entertainment. The first triple-A game featuring eye tracking was Assassins
Cteed ® Rogue PC game (Tobii, 2015d). The eye tracker is used as an extension of the screen to allow the
user to move the screen to where the user looks. Fove (2015) is developing the world’s first VR-headset with
eye tracking and claims that the user will be able to aim with their eyes, focus the vision, make eye contact

with other characters, and move naturally within a virtual world.

2.2 eSports

Competitive computer gaming, also known as eSports, “is an arena of sport activities in which people develop
and train mental or physical abilities in the use of information and communication technologies” (Wagner,
2000). eSports refers to “situations where computer games are played competitively” (Schubert et al., 2016).
eSports has become a million-dollar industry and one of the biggest eSports events in 2016, The
International, offered over $20,000,000 USD in prizes (Valve, 2016). Figure 2.4 shows a graph of eSports

prize money per game per year.
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Figure 2.4: eSports prize money per game per year. Data gathered from esportsearnings.com (2016)

Multiplayer online battle arena (MOBA) is a game genre in which two teams compete against each other on a
single battleground (Niedhardt et al., 2015). MOBA titles include League of Legend (Riot Games, 2009), Dota
2 (Valve Corporation, 2013) and Heroes of the Storm (Blizzard Entertainment, 2015a), and in 2016 these
three games occupied three of the top four spots in tournament prize money (esportsearnings.com, 2016). In
this thesis Heroes of the Storm will be used because it is a game which is easy to learn but hard to master

(Kuchera, 2014). The game is less focused on micro managing heroes and more focused on team play.

2.3 Heroes of the Storm

Heroes of the Storm (HotS) is a MOBA created by Blizzard Entertainment (IGN, 2015). The game was
released in 2015 on Windows and OS X (IGN, 2015). The game revolves around 5-versus-5 matches. The
games last from 15-25 minutes and ends when one team destroys the enemy team’s core. The gameplay
consists of killing enemy heroes, non-playable characters, destroy forts and towers and by doing so your team

gains experience points that make your heroes stronger.



The game currently has 55 heroes in four different roles: wartior, support, assassin, and specialist. Table 2.1

describes the different roles.

Table 2.1: Hero roles in Herves of the Storm (Blizzard Entertainment, 2016p).

Hero role Definition

Warrior “First in, last out”
Wartiors traditionally have high health totals or self-healing. They don't do the best
damage, are melee characters and often have crowd control.

“Like a rock”
Assassins are all about killing things. They don't usually have a lot of health, but they do
large amounts of damage.

“Bring the pain”
Support characters have the task of keeping the team alive. They usually don’t do much
damage, but they have strong healing capabilities.

“Unconventional warfare”

Specialists are a unique category in Heroes of the Storm, and it includes a diverse pool of
heroes. The most common element among the heroes is that they have the ability to push
lanes and do a lot of siege damage. Beyond that they are very different and rarely have the
same playstyle.

When a game begins each hero has three standard abilities and all heroes also have a trait. Some traits might
be active, which means that the player must press a button to use it, while others have passive traits. A fourth
ability, the heroic ability, is available when a team reaches level 10. Some heroes might have more abilities
available for example the hero Xul begins the game with a shield as a fourth ability. The assassin Tracer
begins the game with her heroic talent, but can upgrade it when she reaches level 10. At levels 1, 4, 7, 10, 13,

16 and 20 each player can choose a new talent which might add another ability or upgrade an existing one.

The different hero roles have different playstyles and strategies. A team usually comprises one healer, one
warrior, and three specialists or assassins, but with continuous updates and balancing of the heroes and

battlegrounds, team compositions may vary.

HotS has several different maps (battlegrounds) that each have different objectives which help the team to
reach the ultimate task of killing the core. For example, on the battleground “Infernal Shrines” the

battleground objective is to kill 30 guardians on one of three shrines (Blizzard Entertainment, 2016i). The



shrines spawn one at the time and the first shrine spawns! two minutes into the game. When a shrine spawns
one player must click on the shrine to start the objective. When one team kills 30 guardians a Punisher will
spawn and help the winning team to push a lane. The punisher focuses on attacking the heroes on the enemy
team. Figure 2.5 shows a map of the battleground “Infernal Shines” and a timeline that roughly outlines a

normal game played on this map.

First shrine spawns Second shrine spawns Third shrine spawns Fourth shrine spawns
Infernal Shrines 02:00 02:00 affer last 02:00 after last 02:00 after last
punisher dies punisher dies punisher dies
Laning phase Push/gefend Laning phase Push/defend Camps/soak Camps/soak Push/gefend Push/defend
Match camps Grouping up (if level Looking for ways to
10} or soaking carefully end the game/Looking
i benind for ways to come back

Figure 2.5+ Infernal Shrines map and typical gameplay

There are currently 12 different battlegrounds in the game, including Infernal Shines. The battlegrounds are

listed in table 2.2.

! Spawn means come to life and may be used when heroes comes to life or objects are available.
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Table 2.2: Overview of battlegrounds in Heroes of the Storm (Blizzard Entertainment, 2016a)

Battleground

Number
of lanes

Objective(s)

Advantages gained by completing
objective

Towers of Doom | 3 Channel shrines, kill the boss Shots to the enemy core

or escort camps to attack the
enemies core. There is no way
for heroes to attack the core
itself.

Infernal shrines 3 Kill 30 guardians when a Punisher (monster) that attacks heroes

shrine spawns. and structures.

Battlefield of 2 Two Immortals spawns in the | Immortal that does damage to

Eternity middle of the map. Kill the structures in a single lane

enemies Immortal before they

kill yours.
Tomb of the 3 Gather gems that drops from | Turn in gems to get Webweavers that
Spider Queen enemy minions and heroes spawn in all three lanes.

when they die.
Sky Temple 3 Stand on a shrine and defeat Laser beams that does structure

the shrines guardians- damage.

Garden of Terror | 3 Kill terrors and collect seeds. Controllable Garden terror that does
structure damage.

Blackheart’s Bay 3 Collect coins from chest that Cannonballs that does damage to

spawn or camps and deliver enemy structures.
them to Captain Blackheart.

Dragon Shire 3 Stand on a shrine to channel it | Controllable Dragon Knight that does

for your team. Get both structure damage.
shrines on the same time and
channel the Dragon Knight.

Haunted mines 2 Gather sculls. When all sculls are collected a Grave
Golem spawns. The team that
gathered most sculls gets the most
powerful Grave Golem.

Cursed Hollow 3 Gather three of the Raven Enemy team gets cursed. Cursed forts

Lord’s Tributes. will not attack, and enemy minions atre
reduced to 1 health.
Braxis Holdout 2 Capture both beacons at the Zerg wave that pushes one of the two
same time to fill your Holding | lanes. The team with the most filled
Cell with Zerg. The Holding holding cell will get the most powerful
Cell will open once one of the | Zergs.
teams reaches 100%.

Warhead Junction | 3 Gather Warheads. Warheads that can be channeled to

nuke enemy structures.

Alan Dabri, is a senior developer for Blizzard Entertainment, and Chris Sigaty, the lead producer of Starcraft

1T (2010) created a video for IGN (2015) where they summed up some of the most important aspects of
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Heroes of the Storm. They identified the following points as the most important strategies for new players to

follow:

1. The tutorial is your friend.

a. The tutorial is an introduction to the Heroes of the Storm that you need to play the first

time you start the game. It introduces the controls and basic mechanics.

2. It’s alittle different

a. Heroes of the Storm is different than other MOBAs in that there are several battlegrounds

and a team shatred experience.

3. Focus on one character

a. Dabri and Sigaty recommended to focus on one character when learning the game.

4. Situational awareness matters (be aware of positioning and mini-map).
a. This means that players should be aware of their positioning and the mini-map. Warriors
should be in front to block enemies from coming into the backline while an assassin should
move around according to the other team. They also warned players from chasing down a
low health character on the enemy team to avoid getting into a disadvantaged position. For

more advanced players, it is recommended to check the mini-map when idle.

5. Farm XP ecatly

a. Early game killing minions in the lane grants more experience than kills. Early in the game it

is important to keep someone in all lanes before map objectives spawn.

6. Pay attention to team composition

a. Use the statistics screen before the game begin, to check which heroes you have on your
team and which heroes are on the enemy team. This can help you choose talents to help you

against the enemy team. You can also see which talents the enemy team has chosen.

7. Comebacks are always possible

a. Heroes of the Storm’s game mechanics makes it possible to turn a game around even if you

have a bad start. Stay positive and take advantage of opportunities.

8. Communicate
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a. The game has a built in ping system that enables players to quickly communicate with each
other by pressing one button on the keyboard while dragging the mouse to the appropriate

command. Players can also ping specific objectives on the map.

9. Work as a team
a. Heroes of the Storm is a team-oriented game. A bad decision can be a good one if all five

players is on the same page and works as a team.

The three first points on the list are not relevant for the research, but they are guidelines for completely new
players. Points 4-9 are a basic walkthrough of what to think about regarding strategy, and will be used in the

replay analysis developed in this thesis.

Heroes of the Storm includes several different game modes. The game modes include Versus A.l. (computer
controlled characters), Quick Match, Unranked, Ranked (Hero League and Team League), Brawl, and
Custom Games. In Versus A.L you can play with other players or with computer controlled teammates and
tight against five computer controlled enemies. In Quick Match you can choose any hero you want and group
up with four other people to play 5v5 matches on a random battleground. In Unranked you queue up either
alone or as a group. When a match is made you are informed which battleground you are going to play on. A
draft/ban phase the game begins where teams picks and bans heroes takes place. A walkthrough of the

pick/ban phase is listed in table 2.3.

Table 2.3: Overview of the pick and ban phase in Heroes of the Storm

Turn Team 1 ‘ Team 2

1 Bans one hero

2 Bans one hero

3 Picks one hero

5 Picks two heroes
6 Picks two heroes

7 Bans one hero

8 Bans one hero

9 Picks two heroes
10 Picks two heroes

11 Picks one hero

Hero League works as in unranked mode, but in this mode wins and losses affect your Hero League rank.
Hero league is restricted to solo players. Team League requires two, three, or five people in a group to play
and wins and losses affect your Team League rank. Brawl is a completely different game mode where rules
change every week. It is played on different battlegrounds either with pre-selected heroes or with a choice of
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three heroes. You can queue alone or as a group with up to five players. It is a relatively new game mode, is
quick paced and the rules may change from week to week. Custom Games is a game mode where you can

configure a map, players, and heroes to your own preferences.

Matchmaking is the process of matching two or more people together, and in HotS the matchmaking is based
on your matchmaking rating (MMR). This is a hidden value that defines your skill. The matchmaking
differentiates the different game modes. The goal of the matchmaker is to match players within the same skill

range resulting in more even games and around a 50%-win rate (Blizzard Entertainment, 2014).

Heroes of the Storm is a team-based game where good team play is crucial for success. The players can
communicate through text based chat or pings. The text chat takes time away from playing the game to type,
and is the less efficient way to communicate. It does, however, provide a way to write suggestions that are not
possible to communicate through pings. Pings are quick commands that are issued by either pressing “G”
and drag the mouse to the appropriate pings. The pings available here are “Danger”, “Defend”, “Assist Me”
and “On my way”. They can either be issued in the game, or on the mini-map. A “Retreat”-ping can also be
issued by pressing the “V”-key. Pressing “Alt” on the keyboard and clicking on the map will issue pings
accordingly, for example “Defend” on a friendly keep and “Attack” on an enemy keep. “Alt” can also be used
to ping your health and mana status, enemies or teammates, objectives, camps, bosses, a spot on the map and
so forth. A player can issue three pings in a row before a timeout occurs to avoid players from pinging

unnecessary. An overview of the communication methods can be seen in figure 2.6.

Ping Ul

N4

DANGER
DEFEND | ON MY WAY

Mini-map ping Map ping Text chat

]

is no longer following

[Allies]: gg team

Figure 2.6: Overview of communication methods in HotS.

2.4 Third Party Statistics for Heroes of the Storm

The matchmaking rating (MMR) in HotS is hidden within the game, but a website called Hotslogs has their
own way of calculating the MMR based on game replays (Barrett, 2016). For each game a player plays the
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game provides a log file that can be uploaded to Hotslogs. Hotslogs uses the game replay to calculate MMR
gain or loss, provide game statistics and generates graphics that summarizes the games. Hotslogs is a web site
developed by Ben Barrett and is not a product by Blizzard Entertainment (game producer of HotS). It is

community driven and open for everyone to use.

Score » TD Kill Assist Death  Time Dead HeroDmg  Siege Dmg Healing  SelfHeal DmgTaken

MetaCat Tassadar 00:01:03 83.635 &749

Memmolhaus Thrall 00:02:13 78,723 35,273
Alkibiades Zarya 00:02:44 109.334
Zagara 00:02:46 119,152

The Butcher 00:03:27 54,676

Figure 2.7: Excample of game statistics from Hotslogs

Figure 2.7 shows the player name, which hero they played and a score based on a specific algorithm. The
algorithm consists of kills, teamwork (takedowns which is kills and assists), deaths, role (hero damage, heal
and/or selfheal and warrior damage taken per death), siege damage (damage to minions, objectives, camps
and structures), and experience. It also shows how many takedowns, kills assist, deaths, the time spent while
dead (the longer a game goes on, the longer it takes for a player to re-spawn after a death), damage done to

heroes, siege damage, healing (supports), self-heal, damage taken (warriors) and experience provided.

2.5 Related Research to eSports Analytics

Eye trackers are also being used in eSports to analyze where the player looks at the screen to be able to
develop an understanding of where experienced players look and to be able to correct mistakes. Acs (2015)
has suggested different approaches to how to use eye tracking in eSports. He suggested that eSports can take
note of previous research on eye tracking in other sports to develop strategies for eSports athletes. He
suggests three different approaches: 1) either using the results as a mentor to make expert athletes aware of
their gaze strategies, the expert athlete can then train amateurs; 2) create a research program to gather

knowledge available from sports research; and, 3) use Artificial intelligence to analyze eye tracking data.

15



Schubert, Drachen and Mahlmann (2016) defines the field of eSport analytics as “the process of using esports
related data, primarily behavioural telemetry but also other sources, to find meaningful patterns and trends in
said data, and the communication of these patterns using visualization techniques to assist with decision-
making processes”. In their article they look at a technique for defining encounters in MOBAs as MOBA
games generally do not have a natural structure. They define an encounter within the game as “when two or
more heroes (units) from opposing teams are in range to affect each other”. Typically, a match is summarized
by statistics which means that it describes the metrics for “unit values, defeated units, and/or gained

resources per team”.

2.6 Summary

The field of eye tracking have been used within several research fields to analyze human behavior. The
eSports-scene has grown and now has a large fan base and millions of dollars in prize pools for the players,

and using eye tracking might be useful for the field of eSports analytics.
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3 Methodology

The goal of the study reported in this thesis is to research the possibility of adding eye tracking to MOBA
games and to investigate how the eye tracking data can be used with other data sources to analyze gameplay.
This study uses the Design & Creation research strategy (Oates, 2000) as a guide. Design & Creation is a
relevant research strategy for projects that that develop new IT applications and connecting it to literature
and making a contribution to the knowledge base (Oates, 2006). Hevner ez a/. (2004) propose design science

research guidelines that are relevant for this work. These are presented in table 3.1 and are explained below.

Table 3.1: Design-Science Research Guidelines by Hevner et al. (2004)

Guideline ‘ Description

Guideline 1: Design as an Artifact Design-science research must produce a viable artifact in the
form of a construct, a model, a method, or an instantiation

Guideline 2: Problem Relevance The objective of design-science research is to develop

technology-based solutions to important and relevant
business problems.

Guideline 3: Design Evaluation The utility, quality, and efficacy of a design artifact must be
rigorously demonstrated via well-executed evaluation methods

Guideline 4: Research Contributions Effective design-science research must provide clear and
verifiable contributions in the areas of the design artifact,
design foundations, and/or design methodologies

Guideline 5: Research Rigor Design-science research relies upon the application of
rigorous methods in both the construction and evaluation of
the design artifact.

Guideline 6: Design as a Search Process The search for an effective artifact requires utilizing available
means to reach desired ends while satisfying laws in the
problem environment.

Guideline 7: Communication of Research | Design-science research must be presented effectively both to
technology-oriented as well as management-oriented
audiences.

1 Design as an Artifact: the artifact developed in this project is a functional eye tracking application that can be
used to count for how long and how many times a player is looking at a certain area of the screen while

playing Heroes of the Storm. The application was necessary to be able to answer the research.

2 Problem Relevance: This study aims to look at eye tracking and how it can be used to gather meaningful
information in MOBA games. Wagner (2000) claims that eSports is a phenomenon that has become an
element in today’s youth culture and is therefore a relevant research area. Acs (2015) claims that eye tracking
can be used as a resource in research on eSports as current eye tracking systems are affordable enough to be

used in the real world, and thus can be used as a tool for analyzing eSports gameplay.
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3 Design Evaluation: the quality and utility of the developed artifact is discussed in chapter 7 by using the data

collected by the artifact to look for patterns and meaningful value.

4 Research Contributions: Hevner (2004) states that effective design research must provide clear contribution in
one or more of the following criteria: the designed artifact, foundations and methodologies. The artifact itself
is most often the contribution of the design-research itself. The artifact in this research is developed
specifically for this study and is not suitable for commercial use (discussed in chapter 4.3.3), however the
foundation of the application is outlined in this thesis together with the creative development and evaluation

methods.
5 Research Rigor: limitations and challenges are discussed in the final chapter.

6 Design as a Search Process: Hevner (2004) states that design science is iterative. The artifact developed in this
research has been developed by using an iterative method of continuous testing and improvement until the
artifact was as close as possible to the initial requirements. The development cycle used to develop the artifact

used in the thesis is described in section 3.3.

7 Communication of Research: the last requirement is that “design-research must be presented both to
technology-oriented as well as management-oriented audiences”. This requirement is fulfilled by this thesis,
where the both technology-oriented audience and non-experts are addressed. A thorough explanation of the
background for the study, as well as presentation of the findings both for technology-otiented audience and a

not-so-technology-oriented audience.

3.1 Design and Development of the Eye Tracking
Application

A number of methods are used during these steps including desk research, design, development, and user

testing.

3.1.1 Desk Research

Desk research refers to secondary data, which means data that can be collected without field research. The
desk research for this study included choice of eye tracker, identifying background, and gathering game
knowledge through watching professional eSports players streaming while playing games or playing in

tournaments. The desk research is documented in chapter 1 and 2 as well as chapter 4.
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3.1.2 Prototype Development

Hevner (2007) claims that “the internal design cycle is the heart of any design science project”. The cycle
iterates rapidly between development, evaluation and feedback. Simon (1996) explains the development cycle
as a generator-test cycle. The cycle can include several generate-test cycles. The tests guarantee that
consequences of the design problem are noticed. During the development the application was tested rapidly
to uncover consequences of changes and to ensure that the design of the application was as good as it could

be. This method of working led to new ideas that were tested in the next cycle.

To ensure progress in the development process personal scrum was used. Scrum is “A framework within
which people can address complex adaptive problems, while productively and creatively delivering products
of the highest possible value” (Schwaber & Sutherland, 2016). Scrum is initially based on organizing a team
with a Product Owner, the Development team and a Scrum master, however Davidson (2014) has provided a
suggestion as to how Scrum can be used in a solo project. The reason for using Scrum as a framework for the
development process was to have a clear understanding of the tasks ahead while still being able add t