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Abstract
Background. Although a growing market, most of the commercially available games
today that features eye tracking support is rendered in a 3D perspective. Games rendered in 2D have seen little support for eye trackers from developers. By comparing
the diﬀerences in player performance and experience between an eye tracker and a
computer mouse when playing a classic 2D genre: space shooter, this thesis aim to
make an argument for the implementation of eye tracking in 2D video games.
Objectives. Create a 2D space shooter video game where movement will be handled
through a keyboard but the input method for aiming will alter between a computer
mouse and an eye tracker.
Methods. Using a Tobii EyeX eye tracker, an experiment was conducted with ﬁfteen participants. To measure their performance, three variables was used: accuracy,
completion time and collisions. The participants played two modes of a 2D space
shooter video game in a controlled environment. Depending on which mode was
played, the input method for aiming was either an eye tracker or a computer mouse.
The movement was handled using a keyboard for both modes. When the modes had
been completed, a questionnaire was presented where the participants would rate
their experience playing the game with each input method.
Results. The computer mouse had a better performance in two out of three performance variables. On average the computer mouse had a better accuracy and
completion time but more collisions. However, the data gathered from the questionnaire shows that the participants had on average a better experience when playing
with an eye tracker.
Conclusions. The results from the experiment shows a better performance for participants using the computer mouse, but participants felt more immersed with the eye
tracker and giving it a better score on all experience categories. With these results,
this study hope to encourage developers to implement eye tracking as an interaction
method for 2D video games. However, future work is necessary to determine if the
experience and performance increase or decrease as the playtime gets longer.

Keywords: Eye tracking, human-computer interaction, player performance, gaze
aware.
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Chapter 1

Introduction

Eye tracking is a device that lets the user interact with a computer by using their
eyes. It has typically been used in areas including psychology, marketing and medical
research, but is expanding into commercially available video games due to aﬀordable
prices. E.g. in 2017 you could buy an EyeX from its producers website for US$168
while a computer mouse was about half the price at US$70 and keyboards could be
anywhere between US$80 to US$170.
Tobii Technology is a producer of eye tracking technology and has compiled a list
of over a hundred commercially available entertainment games featuring eye tracking
[6]. The number of titles available today is 134, but in January 2017 the list consisted
of just 46 games [7].
In video games, eye tracking gives an opportunity for the player to interact with
features in a game using only their eyes. Most commonly is using an eye tracker for
controlling the camera, replacing the more familiar devices: mouse and joystick. It
can also be used for triggering commands and controlling the aim independently of
the camera. An example of this can be found in the video game Tom Clancy’s Ghost
Recon Wildlands where the player can pan the camera by looking at the edges of the
screen and the Head-up-display (HUD) elements is hidden when the player is not
actively looking at them.
Based on the previous mentioned list from Tobii, popular genres featuring eye
tracking includes First Person Shooters (FPS), Platform and Adventure. Games using First- or Third person perspective are frequently shown on the list but there is
a lack of games shown with a Side- or Top view, perspectives commonly used in 2D
environments.
Games rendered in a 2D environment has seen little attention from developers in
terms of implementing eye tracking for commercially available entertainment games.
In june 2017, Tobii announced [1] 15 new titles that features support for eye tracking, none of which was in 2D. Eye tracking is gaining popularity, but despite recent
implementations and previous additions to the market, there is still an absence from
game developers to implement eye tracking into more genres. Under these circumstances, this thesis wants to explore the option of using eye tracking for a classic 2D
genre: space shooter.

1
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The space shooter genre is chosen because of its simplicity in both creation and
gameplay. It is easy to create a prototype and add an eye tracker for the type of
gameplay this genre features. The idea is that because of its simplicity it also lets a
participant become more comfortable with the game and focus on its gameplay.
By conducting a user study and examining the player’s performance and experience, the thesis hope to give a broader area of interest in developers who is looking
to utilize eye tracking as an input device for their product.

1.1

Aim and Objectives

The aim of this study is to explore how eye tracking aﬀects a player’s performance
and experience in comparison to a traditional input method: the computer mouse,
when playing a 2D space shooter. To measure the performance, this study has chosen to track three parameters: accuracy, completion time and collisions. The three
parameters is chosen because they represent areas which the gameplay is inﬂuenced
in a space shooter. Accuracy determines how good a player can aim based on targets
hit and bullets ﬁred. Collisions indirectly inﬂuences accuracy as the player has to
avoid colliding with enemies and at the same time shooting them. Completion time
is to add motivation for the player to play the game and try their hardest.
A series of objectives was conducted to aid in the investigation of fulﬁlling the
aim:
• Conduct an experiment in a controlled environment at Blekinge Institute of
Technology. Participants fulﬁlling the criteria (See 4.2.1) will be invited to
perform the experiment, which consists of a game with two modes and questionnaire.
• Create a space shooter game (see appendix B for a screenshot of the game) in
Unity and split it into two parts. In the ﬁrst part the spaceship is controlled
with WASD-keys on a keyboard for movement and a computer mouse for aiming, in the second part the mouse is replaced with an eye tracker. The goal of
the game is to destroy enemy spaceships as fast as possible. Assets used in this
game was acquired from Unity’s Asset Store.
• The game stores each participant’s performance in a ﬁle on a designated storage
device, to be used for analysis.
• When the participant ﬁnishes the game using both mouse and eye tracker, a
questionnaire is presented. In this questionnaire, the player is asked to rate
their experience when using the mouse and the eye tracker.
• The data collected from the game and the results from the surveys is analyzed
and compiled to graphs. A conclusion can then be made based on the values
shown in the graphs and used to argue on eye tracking’s appeal as a replacement
for a mouse in a 2D space shooter.

1.2. Research Questions and Hypothesis

1.2

3

Research Questions and Hypothesis

Based on the data collected from the research and experiment, the questions which
this thesis wish to address has to be measurable with quantitative data. To determine the interest for eye tracking in comparison to a computer mouse, two questions
is proposed for this thesis. One is subjective (experience) and the other objective
(performance) and the reason with two proposed questions is based on the idea that
a player may have a bad performance with a certain type of equipment, but a greater
experience because of how it lets the player interact with the game.
The project will focus on the following questions:
• How does eye tracking aﬀect a player’s performance in terms of accuracy, time
and collision with enemies when playing a 2D space shooter and aiming with
eye tracking compared to a computer mouse?
• How does eye tracking aﬀect a player’s experience when playing a 2D space
shooter and aiming using eye tracking compared to a computer mouse?
The null hypothesis for this study is that there will be no signiﬁcant diﬀerence in
neither a player’s performance nor experience when using an eye tracker in comparison with a computer mouse. An alternative research hypothesis is that a player
using an eye tracker will suﬀer performance because aiming and looking around for
enemies are both controlled by the eyes of the player and interferes with each other.
However, the experience when using an eye tracker may be higher than the mouse
due to a high chance of being a new way of interacting with a computer for many
participants.

Chapter 2

Background

2.1

Eye Tracking Technology

In its essence, eye tracking technology captures a viewers eye movements to calculate
a focus point on a screen, called a gaze point [17]. By determining the gaze point, a
developer or a developed program can act based on what drew the visual attention
of the viewer.
There are many methods of calculating a gaze point for eye tracking, but they
are often divided into four categories[8]:
• Electro-OculoGraphy (EOG)
• Scleral Contact Lens/Search Coil
• Photo-OculoGraphy (POG) or Video-OculoGraphy(VOG)
• Video-Based Combined Pupil and Corneal Reﬂection
In 1975, EOG was a widely applied method for eye tracking and is still being used
today, although no longer as commonly used. These type of eye trackers measures
the skin’s electrical changes with electrodes placed around the eye.
A more popular method for modern eye trackers to use involves a light’s reﬂection
on the cornea and pupil. Because this chapter aims to give only a brief explanation,
it will only cover video-based combined pupil and corneal reﬂection. The
reason for this is that the eye tracker used in the experiment for this study, a Tobii
EyeX uses this method for its own gaze point calculation [5].

2.2

Video-based Combined Pupil and Corneal Reﬂection Eye Tracker

Eye tracking with a video based methodology is fundamentally comprised of three
components: a light source, at least one camera and a processing unit.
The eye tracking process starts at the light source which illuminates near-infrared
(NIR) light [14, 17]. When the light shines on the eye, it creates a highly visible
5
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pattern. One or several cameras captures images of the observer’s eyes and the
patterns from the light to create an image. The resulting image is then used to
calculate a reﬂection of the light source on the cornea and the pupil. Once the
reﬂection is calculated, an image processing algorithm identiﬁes details in the eyes
and reﬂection patterns, which are ultimately used to calculate the gaze point on a
monitor[5].

Chapter 3

Related Work

During the mid-nineties, a researcher named Robert J.K. Jacob stated in his work
[13] that although a large volume of research has been done on eye tracking, many
of the conducted experiments presented in these works is not actually aﬀected by
the eye movements but rather analyzed in retrospective. Jacob chose, in contrast to
this, to focus on the interaction between a human and computer via input through
an eye tracking device.
Jacobs work made a standing impact on eye tracking which is still relevant today
as he examined interaction techniques such as scrolling a text, selecting and moving
an object and menu commands with eye tracking, and comparing it to the traditional
input methods of keyboard and mouse. He was also one of the ﬁrst to investigate the
term "Midas touch" in relation to eye tracking [12]. The term refers to the problem
that occurs when selecting or highlighting whatever the viewer is looking at, essentially preventing the viewer from looking anywhere without sending a command to
the computer.
Navarro examines the use of eye tracking as a task assisting method rather than
a mean of input for control when playing a video game. In his experiment he compares the time it takes to ﬁnish two similar game prototypes with each other, both
are played with an Xbox 360 controller but only one prototype is assisted with eye
tracking. In order to ﬁnish the game, a player had to destroy thirteen energy generators. When assisted by an eye tracker, the generators would grow in size when not
gazed upon and when the player looked at them they would shrink down to their
normal size again. The results showed that all participants had better performance
when playing with an eye tracker compared to playing without [15].
Another author that focuses on gaming with eye tracking is Ejdemyr. In his study
[9] (published 2016), he examines the diﬀerence in immersion and performance for
participants when using a eye tracking as an additional input method, compared to
not using it, for a ﬁrst person adventure game. Through an experiment with eighteen
participants the author concludes that the eye tracker did not improve performance
but most players had a better immersion with it.
In a study [11] by Isokoski et al. the authors presents arguments for several
popular video games genres and their compatibility with eye tracking. The authors
conclude that eye tracking provide a greater positive experience in single player games
7
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where the player is given a time to think before acting, such as in a turn-based environment. The genre shoot-em-up (space shooter) is also mentioned in the study and
according to its authors, the line between a negative and positive experience with eye
tracking is quite thin for this genre. While most space shooters are single player, they
often deliver a high paced game play with frequent control of positioning. The player
usually has to look at a target while simultaneously avoiding enemy projectiles. The
authors conclude that with slight modiﬁcations to the controls, space shooters can
prove quite rewarding when played with an eye tracker.
Finally, Sundstedt explores the idea of combining voice recognition with eye tracking as a method of input for computer applications. In one of the case studies presented, participants was tasked to draw an image using only their gaze and voice.
While the precision was signiﬁcantly worse compared to a mouse or tablet, it was
instead more enjoyable for the user. By using voice recognition to activate drawing,
it also helped mitigate the midas touch-issue [16].

Chapter 4

Method

To answer the research questions in this thesis, a user study will be conducted using
participants which fulﬁlls the criteria (see section 4.2.1). The criteria is created to
help minimize possible variables that can aﬀect the quantitative data collected, i.e.
a participant unfamiliar with the game’s genre can aﬀect his experience negatively
and would give bad data to answer the research questions with.
In preparation of the experiment, a single game with two modes is created using
the Unity game engine. Each mode represents a diﬀerent input method for aiming,
either by eye tracking or via the computer mouse. However, controls for movement
and shooting remains indiﬀerent between the modes. Before playing the game with
an eye tracker, each participant is instructed to calibrate it. This is done with a
software provided by the developer of the device. When playing the game, certain
variables is collected by the program and stored to be later used when calculating
the player’s performance for each mode.
Before proceeding to the experiment, participants is presented with instructions
both orally and written, and an agreement to sign a consent form (see appendix A)
is necessary before any testing can be done. The experiment is divided in two parts.
In the ﬁrst part, the participants plays each game mode once. For each mode a
tutorial is presented where the participants can familiarize with the controls. During
the tutorial no data is collected. When the participants feel comfortable with the
controls, the person is informed of the goal with the game by the author, and the
test starts.
The second part consists of a survey where participants are asked to rate their
experience playing the game with each input method. The questions asked in the survey is based on The Game Experience Questionnaire[10]. Because the questions are
based on this questionnaire, its evaluation system can be used to rank the experience
based on the answers given by the participants.

4.1

Tobii EyeX

The eye tracking equipment used for the experiment is a Tobii EyeX. The EyeX is
chosen for two reasons: it comes with a Software Development Kit (SDK) that can
be implemented in a Unity project for access to its variables such as gaze point.
Secondly, according to its developers, it is an eye tracking device speciﬁcally made
9
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for PC gaming experiences [2]. Figure 4.1 illustrates how a Tobii EyeX is attached
to a monitor when using it.

Figure 4.1: A Tobii EyeX attached to a monitor with a magnet1 .
The Tobii EyeX has the following speciﬁcations:
• Sampling rate of 60 Hz.
• Operating distance between 50-90 cm.
• Tracking dimensions at 75 cm is a 40x30 cm area.
• Max screen size is 27".
• Connected with a 3.0 USB.

4.2

Threat for Validity

To reduce threat for validity in the data collected regarding a player’s performance,
the order in which the two game modes appears is alternated between each participant. This means that if the ﬁrst participant starts the experiment with an eye
tracker, the second participant will begin with a computer mouse, the third with an
eye tracker and so on. The reason for alternating between the ﬁrst mode is to avoid
the results from being biased in common patterns.
1

Image retrieved from https://www.pcworld.com (Accessed 2018-06-29)

4.3. Questionnaire

4.2.1

11

Participant Criteria

The participant criteria is used to further reduce threats for the data’s validity. Data
for both performance and experience utilize the fact that each participant, by fulﬁlling the criteria, have enough knowledge regarding the genre and what to expect
from the game. The criteria is there to reduce the chance of a participant providing
bad data due to factors not related to the research.
Participants was chosen according to the following criteria:
• Age is between 20 to 25.
• Minimum of two hours spent playing 2D space shooters. Example of 2D space
shooters: Geometry Wars, Asteroids and Ikaruga.
• Experienced with using WASD-keys for movement in a game.
The age restriction is kept to a small range of ﬁve years between the youngest
and oldest to increase the likelihood of participants having similar knowledge and
expectations going in to the test. Combined with the two other criteria, this will
help reduce threat for validity by putting the participants on the same reference
point when evaluating their experience and performance.

4.3

Questionnaire

The participant’s experience was measured with a questionnaire consisting of thirteen statements and was rated by how much they agreed with the statement. It was
rated on a Likert scale from 1 (Not at all) to 5 (Extremely). The questionnaire is
based on the In-game version of the Game Experience Questionnaire[10] and is a
more compact version of the core part.
The original questionnaire consists of fourteen statements but for this experiment
one statement was removed due to its irrelevance with the game. The statement removed was: I was interested in the game’s story. Because the game has no story,
this statement was deemed unnecessary.
Each statement is put into one of seven categories and the score for each category
is calculated with the average value of its statements.
• Competence: I felt successful and I felt skilful.
• Sensory and Imaginative Immersion: I found it impressive.
• Flow: I forgot everything around me and I felt completely absorbed.
• Tension/Annoyance: I felt frustrated and I felt irritable.
• Challenge: I felt challenged and I had to put a lot of eﬀort into it.
• Negative aﬀect: I felt bored and I found it tiresome.
• Positive aﬀect: I felt content and I felt good.

12
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Testing

From a group of volunteers, individuals who fulﬁlls the criteria (presented in section
4.2.1) was asked personally by the author to participate in the experiment.
When a participant entered the laboratory, the person was invited to sit down
in front of the computer. The person was then presented with a consent form which
explains the purpose of the study, what data is collected and its conﬁdentiality. The
form also informs each participant of their right to exit the experiment at any time
for any or no reason. Once signed, the participant is instructed orally by the author
to launch one of the two game modes. Only one participant and the author was
present in the room during the experiment.
The two game modes are similar enough to invoke a version bias, to reduce this
the ﬁrst game mode was altered between each participant. To clarify; this meant
that if participant A starts with using the eye tracker, participant B would start
with using the mouse instead.
When both modes has been completed, the participants are presented with a
survey to rate their experience by answering thirteen questions for each input method.
Participants also has the opportunity to add a comment and share their thoughts
of the experiment, but this is optional. The survey is created with Google Forms
and the results are saved on the author’s account in conﬁdentiality. Results from the
game modes is stored on a dedicated hard drive which only the author could access.

Chapter 5

Implementation

Chapter 5 will describe how the video game prototype for the experiment was developed. This chapter is divided in two sections. The ﬁrst section: 5.1, will focus on
the goal of the prototype, its elements and user interface. The second section: 5.2
will focus on the development and how each component functions.

5.1

Game Design

The prototype features a game within the space shooter genre. It has a top down view
and the player moves his character in a 2D environment. The player is controlling a
space ship which can ﬁre bullets to defend itself from enemy ships. The ship has an
unlimited amount of bullets and cannot die to enemies, but a player’s score will be
penalized when colliding with an enemy. The prototype is split up in two versions:
mouse and eye tracker.

5.1.1

Game Objective

The game’s objective is to defeat all the enemy space ships as fast as possible. When
the last enemy has been destroyed the game ends by displaying the "Game Over"screen that shows the player’s score (See Figure 5.2).

5.1.2

Game Mechanics

• General Controls: The player’s ship can move in two dimensions and is
controlled through a keyboard. It moves right and left on the horizontal axis
by using A and D, and up and down on the vertical axis by using W and S,
respectively. The player can ﬁre bullets by using the Spacebar-key.
• Aim: Depending on which version is played, aiming will be done either with
the mouse or through the eye tracker. The ship’s movement and aim are
independent of each other.
• Collision: If the player collides with an enemy spaceship he will become immune to new collisions for three seconds and cannot shoot during this period.
A visible counter keeps track of the remaining timer for immunity.
• Enemies: The enemy space ship is chasing the player and attempts to collide
with his space ship. Enemy ships cannot shoot and are destroyed when hit by
a bullet.
13
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• Spawn Points: Enemy space ships is spawning with ﬁxed intervals from one
of the ﬁve spawn points. A spawn point which recently created an enemy has
to wait one interval before it can spawn a ship again.

5.1.3

Game Elements

Because the game is in 2D, only sprites are used for the graphics. Due to time constraints, the sprites are downloaded from Unity’s asset store [4] for free. Other than
sprites, Unity’s built-in text component was used for the user interface. The sprites
used for the game can be seen in Figure 5.1.
There is no audio in the game but a particle eﬀect is played when an enemy is
destroyed to generate feedback for the player.

Figure 5.1: The sprites used in the game, from left to right: spawn points, map
boundaries, player ship, enemy ship, bullet.

5.1.4

User Interface

The user interface is limited for this game, only a timer is displayed to show how
much time the player has spent on the current mode. When the current mode is
complete, a game over screen shows the player’s score, an example can be seen in
Figure 5.2.

5.2

Game Development

The game was created with the game engine Unity, using version 2017.3.1f1. In
addition to the engine, Tobii Unity SDK was added to the project to gain access
through Unity to the eye tracker with a C# script. The SDK was downloaded from
Tobii [3] for free.

5.2.1

GameObjects in Unity

GameObjects in Unity functions like containers for components. A component can
be a light source, camera or a model. Every object in Unity is a GameObject, but

5.2. Game Development
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Figure 5.2: Stats shown after the last enemy is defeated. The white number at the
bottom shows how long the game was played (in seconds).
depending on the components attached to it, the object gets a diﬀerent purpose. The
GameObjects, their components and its function is presented below, except for the
main camera which is just a default camera from Unity.
Player
• Components: Rigidbody 2D, Box Collider 2D, PlayerMovement script, has
a child object holding the ship’s sprite, has a child object holding the bullet
spawn point.
• Functions: This GameObject represents the player’s character in the game.
Through the script attached on the object, the player is able to control the
ships movement, aiming and shooting. As the player is aiming, the ship will
rotate accordingly. When the player shoots a bullet, the script instantiates a
bullet prefab and adds a velocity to its Rigidbody in the direction of the ship’s
aim.
A box collider is used to check for collision with enemy ships and because the
movement occurs with physics, a Rigidbody is attached to create mass and
drag for the ship. By parenting an object with the sprite to the actual ship,
the sprite was able to rotate without aﬀecting the movement of the ship.
Enemy
• Components: Rigidbody 2D, Box Collider 2D, EnemyMovement script, Sprite.

16
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• Functions: The Rigidbody and box collider has the same purpose for the
enemy ship as with the player ship. The script makes an enemy ship chase the
player’s ship and rotate it to always look towards the player.

Bullet
• Components: Rigidbody 2D, Box Collider 2D, Bullet script, Sprite.
• Functions: The bullet script only checks for collision with enemy ships, the
actual movement for the bullet is handled by the PlayerMovement script, attached to the player’s ship. When the bullet hits an enemy ship, the script
destroys both the ship and the bullet and spawns a particle eﬀect at the impact point.
ScoreManager
• Components: ScoreManager script.
• Functions: This GameObject is holding the script which tracks the player’s
score in the game. When the player has completed the game, this script will
print the ﬁnal score, as can be seen in Figure 5.2.
EnemyManager
• Components: EnemyManager script
• Functions: This GameObject is responsible for spawning enemy space ships
from one of the ﬁve spawn points.

Chapter 6

Results

In this chapter, the results from the experiment is gathered and presented. The
experiment was conducted by ﬁfteen participants. No participant showed diﬃculties
in using the eye tracker after it was calibrated and the author did not need to assist
during the experiment. All participants score in the two game modes will be presented and compared to one another. The data from the questionnaire will also be
presented, but as a summary rather than for each individual participant.
The presentation of the results are split up in two parts. In the ﬁrst part: section
6.0.1, each participants results in both game modes are presented and compared to
one another. It is followed up by a summary of all the participants results. Section
6.0.3 showcases the data from the questionnaire.

6.0.1

Performance Results

By studying the performance results of each participant we can conclude that:
• Based on the results in ﬁgure 6.2, when using an eye tracker the average accuracy is 56.12%, but using the mouse gives an average of 65.8%.
• The accuracy for the eye tracker peaked at 70% while the mouse had a peak
at 74.26%.
• Calculated from data shown in 6.3, participants using the eye tracker had an
average completion time of 71 seconds (1 minute, 11 seconds) compared to the
67 seconds (1 minute, 7 seconds) with the mouse.
• From 6.4 we can determine that the eye tracker had an average of 6 collisions,
while the mouse reached 7 collisions on average.
• In terms of accuracy, only two participants had a better accuracy using eye
tracker compared with using the mouse.

6.0.2

Wilcoxon Signed-Rank Test

To determine if the performance results have a statistical signiﬁcant value, Wilcoxon
signed-rank test was conducted on the data for each performance parameter. The
Wilcoxon signed-rank test was used because the variance between the samples differed too much for a typical t-Test to be used.
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In preparation of the Wilcoxon signed-rank test, a set of hypotheses and a critical
value is established. The study proposes two hypotheses for the Wilcoxon signed-rank
test. The null hypothesis (H0 ) is that there is no diﬀerence between the samples.
The alternative hypothesis (H1 ) is that there is a diﬀerence (median change was
non-zero). By looking in the Wilcoxon Signed Rank Table 1 with an n of 15, we can
determine that the critical value for this test is 25.
A set of samples consists of data for the eye tracker and the mouse for a certain
parameter (accuracy, completion time or collisions). After a test has been run on a
set of samples, a statistic result will be gained. If this result is lower than the critical
value, the null hypothesis is rejected for that performance parameter.
Wilcoxon Signed-Rank Test Results
The results (ﬁgure 6.1) from the Wilcoxon signed-rank test show that only accuracy
have a statistic value above the critical value. This means that this is the only
parameter where we can reject the null hypothesis and thus establish that it diﬀers
enough to have a signiﬁcant statistical value. The other two parameters does not
diﬀerentiate enough to have a signiﬁcant statistical value.

Figure 6.1: Results from the Wilcoxon Signed-Rank Test Results summarized for
each performance parameter.

1

https://math.ucalgary.ca/files/math/wilcoxon_signed_rank_table.pdf
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Figure 6.2: Every participants accuracy (shown as percentage) in each game mode
is compared to one another.

Figure 6.3: Every participants time to complete the game in each mode is compared
to one another.
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Figure 6.4: Number of times each participant collided with an enemy space ship.

6.0.3

Experience Results

A chi-square test was conducted to determine if the results from the questionnaire
holds signiﬁcant statistical value. In ﬁgures 6.7 and 6.8 the results are categorized
by either positive or negative. If a participant’s answer was either one (1) or two
(2) it would be classiﬁed as a negative agreement to that statement. While answers
four (4) and ﬁve (5) is classiﬁed as a positive agreement. For this chi-square test,
the neutral (3) rating was not included. If the p-value for a statement is above 0.05
it suggests that this question is not diﬀerent enough from the null hypothesis (that
there is no diﬀerence between an eye tracker and a computer mouse) to hold a signiﬁcant statistical value.
The ﬁgures shows that the results for all but one of the statements for the eye
tracker holds signiﬁcant statistical value. However, for the mouse, eight statements
has a p-value above 0.05.
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Figure 6.5: Results for the eye tracker from the experience questionnaire averaged
and divided into categories.

Figure 6.6: Results for the mouse from the experience questionnaire averaged and
divided into categories.
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Figure 6.7: Results from the chi-square test for each statement regarding eye tracking.

Figure 6.8: Results from the chi-square test for each statement regarding the mouse.

Chapter 7

Analysis and Discussion

After analyzing the performance results, it can be concluded that participants using
the mouse has a better score on average in two out of three parameters: accuracy
and completion time. In the third parameter: collisions, the eye tracker won with
one point over the mouse. It was predicted that the mouse would have a higher
performance score, but the diﬀerences is low.
Ejdemyr’s published a study featuring eye tracking as an assistance tool for aiming in a ﬁrst person shooter. His game was played on a PC with WASD-movement.
The results from his paper [9] showed that a player assisted with an eye tracker had
a 37.5% worse completion time in his game compared to not using it.
From the results provided in this study, accuracy had the biggest marginal at
17.3% between the eye tracker and mouse. This is not too signiﬁcant when you take
into consideration that many participants had never used an eye tracker prior to this
experiment and considering their ﬁeld of study, probably uses a mouse every day.
However, this was just something observed by the author and not documented as
part of the study. It is therefore uncertain how many participants had interacted
with a video game through eye tracking prior to the experiment.
It makes more sense that the other two parameters: completion time and collisions, have values closer to each other compared to accuracy. This is likely because
the controls for movement never changes between the two modes. I could argue that
a higher accuracy would lead to a faster clear, but one must not forget that in this
game, collisions with enemies prevents the player from ﬁring for a ﬁxed amount of
time, meaning they have a direct impact on the completion time. This is why players using a mouse can have a higher accuracy but because of higher collisions only a
couple of seconds better completion time.
When analyzing the participant’s experience, the questionnaire shows a clear difference between the two modes. As shown in ﬁgure 6.6, when using the mouse, the
negative categories (Tension/Annoyance and Negative aﬀect) had a higher ranking,
which indicates the gameplay was not satisfactory enough or simply a dull experience.
This makes sense because the game does have a very limited amount of mechanics
to interact with.
However, when using the eye tracker instead, as seen in ﬁgure 6.5 we can observe
23
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that the two categories mentioned above dropped in rating, even if the gameplay remained the same. The eye tracker may have managed to bypass the limited mechanics
to create an exciting experience for the player. When looking at the Competencecategory, the mouse and eye tracker are fairly equal to each other. This is surprising
because in theory, the participant’s should feel more competent with the mouse, but
this could mean that a calibrated eye tracker has a quick learning curve and is easy
to use, even for ﬁrst-timers.

Chapter 8

Conclusions and Future Work

This study examines the diﬀerences an eye tracker has on a player’s performance and
experience when replacing the computer mouse in a 2D space shooter. To determine
this a computer game was created and an experiment was conducted. It tested player
performance by measuring accuracy, completion time and collisions with eye tracking and comparing it with a computer mouse. Finally, a post-game questionnaire
for each input method determined the participant’s experience. The study wants to
motivate the use of eye tracking as an alternative for traditional input methods such
as a computer mouse for a classic game genre.
Prior to the experiment, two research questions was presented and a hypothesis for
each question. The results acted as predicted for both hypothesis and shows potential
for new technology such as an eye tracker to be implemented in classical video game
genres as it has the possibility of creating a new experience with familiar game
mechanics. However, a Wilcoxon signed-rank test determined that the results for
two of the performance parameters did not provide breach the critical value and does
not provide a signiﬁcant statistical value to be used as an argument. Therefore, to
summarize an answer for the two questions presented in chapter 1.2 and to conclude
this study:
• The results from the experiment shows a better performance in terms of accuracy for participants using the computer mouse, however, completion time and
collision did not diﬀerentiate enough to make an argument. Participants felt
more immersed with the eye tracker and giving it a better score on all categories.
This study focused on the space shooter genre but a similar research can be conducted on other 2D genres such as platform or ﬁghting games. The performance and
experience for a player may change with other genres.
While this study showed promising results for a space shooter in 2D perspective
working with eye tracking, it was also limited to short game play. To further motivate
future game developers of implementing eye tracking for classic video game genres,
future works should feature more extensive game play. From the author’s personal
experience, a video game is often played for more than a hundred seconds and future
studies should try to mimic this to make it more relatable for developers.
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Appendix B

Game Screenshot

29

References
[1] E3 2017: Tobii Announces 15 New Game Titles with Eye Tracking Integrations.
https://www.tobii.com/group/news-media/press-releases/2017/6/
e3-2017-tobii-announces-15-new-game-titles-with-eye-tracking-integrations/,
note = Accessed: 2018-06-29.
[2] E3 2017: Tobii EyeX for PC Gaming. http://tobiigaming.com/product/
tobii-eyex/, note = Accessed: 2018-06-29.
[3] E3 2017: Tobii Unity SDK for Desktop - Tobii Developer Zone. https://
developer.tobii.com/tobii-unity-sdk/, note = Accessed: 2018-06-25.
[4] Galaxia 2D Space Shooter Sprite Pack #1 - Asset Store.
https:
//assetstore.unity.com/packages/2d/textures-materials/
galaxia-2d-space-shooter-sprite-pack-1-64944, note = Accessed:
2018-06-25.
[5] How do Tobii Eye Trackers work?
https://www.tobiipro.
com/learn-and-support/learn/eye-tracking-essentials/
how-do-tobii-eye-trackers-work/, note = Accessed: 2018-07-01.
[6] PC Games with Eye Tracking. Top Games from Steam, Uplay.
//tobiigaming.com/games/, note = Accessed: 2018-10-08.

https:

[7] Wayback Machine - PC Games with Eye Tracking. Top Games from
Steam, Uplay. hhttps://web.archive.org/web/20170130104609/https://
tobiigaming.com/games/, note = Accessed: 2018-10-08.
[8] Andrew T. Duchowski. Eye tracking methodology: theory and practice. Springer,
London, 2nd ed edition, 2007.
[9] Niclas Ejdemyr. Eye Tracking as an Additional Input Method in Video Games:
Using Player Gaze to Improve Player Immersion and Performance, April 2016.
Bachelor’s Thesis at Blekinge Institute of Technology BTH, Karlskrona, Sweden.
[10] W.A. IJsselsteijn, Y.A.W. de Kort, and K. Poels. The Game Experience Questionnaire. Technische Universiteit Eindhoven, 2013.
[11] Poika Isokoski, Markus Joos, Oleg Spakov, and Benoît Martin. Gaze controlled
games. Universal Access in the Information Society, 8(4):323–337, November
2009.
31

32

References

[12] Robert J. K. Jacob. What you look at is what you get: eye movement-based
interaction techniques. pages 11–18. ACM Press, 1990.
[13] Robert J. K. Jacob. Eye Tracking in Advanced Interface Design. University
Press, 1995.
[14] Anuradha Kar and Peter Corcoran. A Review and Analysis of Eye-Gaze Estimation Systems, Algorithms and Performance Evaluation Methods in Consumer
Platforms. IEEE Access, 5:16495–16519, 2017.
[15] Diego Navarro. Improving Player Performance by Developing Gaze Aware
Games, July 2014. Master’s Thesis at Blekinge Institute of Technology BTH,
Karlskrona, Sweden.
[16] Veronica Sundstedt. Gazing at Games: An Introduction to Eye Tracking Control. Synthesis Lectures on Computer Graphics and Animation, 5(1):1–113,
March 2012.
[17] Veronica Sundstedt, Diego Navarro, and Julian Mautner. Possibilities and challenges with eye tracking in video games and virtual reality applications. pages
1–150. ACM Press, 2016.

Faculty of Computing, Blekinge Institute of Technology, 371 79 Karlskrona, Sweden

