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ABSTRACT 

Amit Kumar Sarangi: Comparing the efficiency of gaze as input modality with mouse 
M.Sc. thesis 
Tampere University 
Human Technology Interaction 
May 2020 

 

In the modern era, computers are an integral part of our lives. Few decades back, when comput-
ers were novelty, we used to communicate with computers with teletype interfaces and it used to 
be a specialist's job to do so. With the advancement of computers, there has been many advance-
ments in the way of how we communicate with the computer. Billions of people have access to 
personal computers today. Most interact primarily with hand based external devices like keyboard 
and mouse. With computers becoming a part of our daily lives, new interfaces of communication 
such as gesture-based interface, speech-based interface, virtual reality etc. are being researched. 
Gaze is such a novel input modality. In this thesis we are comparing the efficiency of gaze input 
modality with a traditional input like mouse. This comparison is made in the context of online 
gaming of collaborative nature. 
 
While trying to compare and analyze gaze with mouse, Space Explorer game was developed. 
The storyline is that the two players are exploring the space in a spaceship, but they have to shoot 
asteroids to make way for them. The target setter identifies and sets the target asteroid. The said 
asteroid is highlighted in both player's screens. There were fourteen participants from the Tam-
pere University, who had opted in to participate in the experiment. They were assigned a role of 
being target setter and target shooter randomly. Target setter uses gaze to set the target and 
target shooter uses mouse to shoot the target. After that roles are switched. Then the experiment 
is conducted with both target setter and target shooter doing the same tasks with mouse. Then 
the participants switched roles so that all participants experienced both the roles with mouse in-
put. At the end of the experiment, the participants filled up a questionnaire which focused on their 
user experience. This thesis uses research methods of interactive design, online collaborative 
gaming, software engineering, prototyping and user study. 
 
The role of being target setter was evaluated. The target setting role was performed by all the 
participants, both with mouse and gaze input. It was found that the participants took significantly 
more time to complete the task with gaze than with mouse. Participants on an average took 3.4 
seconds to do the task with gaze as opposed to 1.7 seconds with mouse. Subjective experiences 
show that the preferred input was mouse. Participants said that the familiarity of mouse, along 
with the accuracy and smoothness made mouse the clear winner. Participants also pointed out 
many other shortcomings with gaze technology. They said that the tracking was jittery and error 
prone. A rather common feedback was that the participants sometime had to look away from the 
target to correct the error offset caused by the tracker, making it frustrating. Few participants 
though said that their preferred method of interaction was gaze and they liked the novelty and 
interestingness of the technology. Overall mouse emerged as a clear winner. 
 
Keywords and Terms: Gaze, Gaze with mouse, Gaze vs mouse in collaborative online gaming 

 
The originality of this thesis has been checked using the Turnitin OriginalityCheck service. 



iii 

CONTENTS 

1. INTRODUCTION .................................................................................................. 1 

1.1 Research Motivation .............................................................................. 1 

1.2 Gaze Tracking ....................................................................................... 2 

1.3 Gaze as Input Modality .......................................................................... 3 

1.4 Research Question ................................................................................ 4 

1.5 Thesis Outline ........................................................................................ 4 

2. GAZE AND MOUSE AS MODALITIES.................................................................. 6 

2.1 Gaze ...................................................................................................... 6 

2.1.1 History of Gaze Modality ............................................................... 7 
2.1.2 Gaze in Gaming ............................................................................ 9 

2.2 Mouse.................................................................................................. 13 

2.2.1 History of mouse ......................................................................... 13 
2.2.2 Mouse in gaming......................................................................... 14 

2.3 Mouse with Gaze in gaming ................................................................. 16 

3. IMPLEMENTATION ............................................................................................ 17 

3.1 Storyline .............................................................................................. 17 

3.2 Networking .......................................................................................... 18 

3.2.1 PUN’s Structure .......................................................................... 19 
3.3 Game Architecture ............................................................................... 19 

3.3.1 AsteroidManager......................................................................... 20 
3.3.2 GameManager ............................................................................ 21 
3.3.3 PlayerManager ........................................................................... 22 
3.3.4 PUNManager .............................................................................. 23 
3.3.5 Players ........................................................................................ 23 
3.3.6 Gaze Client ................................................................................. 24 

3.4 Logging ................................................................................................ 24 

3.5 Gameplay ............................................................................................ 25 

4. RESEARCH METHODS ..................................................................................... 29 

4.1 Participants .......................................................................................... 29 

4.2 Apparatus ............................................................................................ 30 

4.3 Experiment Procedure ......................................................................... 31 

4.4 Data Collection .................................................................................... 32 

5. RESULTS ........................................................................................................... 33 

5.1 Processing ........................................................................................... 33 

5.2 Objective data analysis ........................................................................ 33 

5.3 Subjective data analysis ...................................................................... 35 

5.3.1 Preferred method of interaction ................................................... 35 
5.3.2 Easiness of performing a task as gaze user ................................ 35 
5.3.3 Easiness of performing a task as mouse user ............................. 35 



iv 

5.3.4 Attentiveness and concentration during the study ....................... 36 
5.3.5 Collaboration Questionnaire ........................................................ 36 
5.3.6 Other opinions ............................................................................ 37 

6. DISCUSSION...................................................................................................... 38 

7. CONCLUSION .................................................................................................... 40 

REFERENCES  ...................................................................................................... 41 

APPENDIX 1 .......................................................................................................... 42 

APPENDIX 2 .......................................................................................................... 44 

APPENDIX 3 .......................................................................................................... 45 

APPENDIX 4 .......................................................................................................... 46 

 

 
 
 
. 



1 
 
 
 
 

1. INTRODUCTION 

In modern life, there has been immense development of different computing technolo-

gies. With the development of computers, an interface to the computing system was 

needed. Initially specialists used different teletype interfaces to communicate with the 

system. Now a days there have been significant developments and computing has be-

come a part of our daily life. The power and usage of computers have increased expo-

nentially. From mobile phones to vacuum cleaners, computers and its related technology 

can be found everywhere. Along with the widespread usage, using a computer is no 

longer limited to perform tasks by specialists. Due to the increased usage and research, 

new types of interaction methods with computers are being invented. Communication 

with computer is no longer limited to consoles and keyboards. The rise of personal com-

puters required advancements of different input technologies. Before few years, we could 

interact with computers typically through mouse and keyboard. Now a days, various 

types of pointing devices, controllers touch sensitive screens are part of our day to day 

life. There have been new modalities such as speech-based interfaces and gesture-

based interfaces.  Gaze is such an input modality, which has been primarily used in 

accessibility system. These systems typically use gaze as the sole input, but there have 

been some applications which uses gaze as an additional modality along with other mo-

dalities. The aim of this work is to compare the efficiency of doing a task using gaze-

based input modality to a traditional input modality, mouse in the context of online gam-

ing. 

1.1 Research Motivation 

These days the gaze-based systems work with a video feed-based pupil detection tech-

nology. Infrared light is projected to the eyes and the reflection of pupil is tracked to 

achieve gaze tracking. The underlying technologies have got cheaper in the recent years 

and the cost of gaze tracker has come down a lot. Many computing devices now a days 

come with built in cameras. We can now see cameras in our cellphones, workstations 

and laptops. There has been great increase in processing power and there has been a 

lot of development in the direction of image processing. Along with that processors today 
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are powerful enough to process video streams at high framerate, which is very important 

for smooth gaze tracking. 

After computers have become part of our daily lives, we continue to interact with it 

through keyboard, mouse and various pointing devices. This typically requires using of 

both our hands, which restricts us to use another device to communicate with the com-

puter seamlessly. Therefore, it can be said that with the use of a gaze tracking device, 

additional input modality can be used to do few tasks, without taking our hands off the 

other devices. Since we normally look at the point of interest, the interaction has the 

potential to be an additional input with the typical hand-based inputs. 

Interaction techniques based on gaze-based technologies have been an ongoing topic 

of research for past decade. Gaze has been researched in the gaming context as well. 

Gaze in gaming can become prevalent in the future since an gaming typically requires 

doing multiple tasks and gaze can help in becoming an additional modality. The motiva-

tion of the research is to understand how useful gaze as a technology can be towards 

gaming. 

1.2 Gaze Tracking 

Gaze has been a very important part of human communication. Looking at another per-

son or animal opens a communication channel. For example, staring too long can be 

communicated as being aggressive in some culture. Gaze reveals the intention of the 

person too. The study by Vertegaal et al. 2001 showed that the person normally is look-

ing at another person when the said other person is communicating with this person, 

thus being the point of interest. It can be said that humans normally have the ability to 

control the direction of gaze and analyzing the gaze reveals the point of interest. 

 

Figure 1. Gaze tracking, eye is following an object of interest 
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Gaze tracking is the process of tracking the point of gaze on the object of interest as 

visualized in Figure 1. It’s a sensor-based technology that helps users interact with a 

computer. A gaze tracker is a device for estimating eye positions and eye movement. 

Gaze tracking technology calculates information about the client; recognizing user’s 

point of interest and keeping track of it. Figure 2 describes the basics of gaze tracker 

working principle. 

 

Figure 2. Basic working of eye tracking technology 

 

1.3 Gaze as Input Modality 

Since humans typically are looking at their point of interest, an interface which uses gaze 

can be a promising candidate for a new type of interface. It can work as a standalone 

input system, utilizing the gaze data or it can be used as an additional input along with 

the traditional hand-based input. Thus, gaze-based input can also be very helpful with 

physically challenged individuals. One drawback of such system is that it requires addi-

tional device, which is not typically found in most systems. But now a days a gaze tracker 

is very easily accessible and pocket friendly. Thus, gaze as an input modality has tre-

mendous potential. Figure 3 shows a gaze-based input device produced by the company 

Tobii.  
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Figure 3. A typical gaze tracking device, attached to the monitor 

 

1.4 Research Question 

Gaze and mouse are typically used as separate inputs for separate tasks. In this thesis, 

we are analyzing the effectiveness of gaze input as opposed to mouse for performing 

the same task in an online game. We will be collecting log data with timestamps and 

events and we will also be comparing the user experience of gaze input with mouse input 

from the subjective experiences of the participants. 

1.5 Thesis Outline 

The thesis has seven chapters. This chapter introduces the research with few basic ideas 

of gaze tracking. Chapter 2 relates with gaze and mouse as modalities while providing 

background research. It starts with gaze and history of gaze as a modality while contin-

ues to discuss about mouse and history of mouse as a modality. This chapter also dis-

cusses about the use of gaze in online gaming. Chapter 3 focuses on implementation of 

the game. It goes into the details about the architecture and the networking that went 

into the software development of the online game. It also talks about the storyline, game-

play and logging. In the next chapter, the focus is mainly on the experiment, where details 
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about the participants, apparatus and procedure is explained. In chapter 5, we have dis-

cussed about the results from the collected data. It goes into detail about the results from 

the data collected from the logs as well as the results for data collected from the ques-

tionnaires. Chapter 6 discusses the findings from the results. It also discusses about 

future developments and further research. Chapter 7 concludes the thesis. Along with 

the chapters, there are references and appendices at the end of this thesis. 
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2. GAZE AND MOUSE AS MODALITIES 

Gaze is an efficient and usable modality which can supplement other modalities such as 

speech for interacting with computers or large displays or virtual-reality (VR) based en-

vironments. It can very well be used as the primary input modality. Similarly, when we 

are working on a dual monitor setup or with big displays, problem arises in finding the 

mouse cursor. Sometimes the cursor is far away from where the user is looking and 

trying to take an action. Therefore, the user has to move the mouse long way to reach 

the user’s point of interest. In addition, the mouse pointer is very often far away from the 

target intended to click. In fact, Drewes et al. 2009 presented a research about a touch 

sensitive mouse, which moves the cursor automatically to the gaze position when the 

mouse is touched. This idea could be very useful for users using large displays or multi 

monitor workstations. 

2.1 Gaze 

In humans, visual conduct is most likely one of the primary methods of communication. 

Guardians frequently attempt to comprehend what their infant is looking at and based on 

that they try to find the baby’s object of interest. This capacity to communicate with some-

body through an intermediate object is named joint attention (Mohamed et al. 2007).  

It can be said that gaze or eye tracking is a way of interacting a computer with a mouse 

that you can be controlled through gaze. Gaze tracking can be achieved through intro-

duction of additional hardware to our personal computers. A company named Tobii pro-

duces such hardware among many others. The Tobii hardware tracks your eyes pre-

cisely to deduce where you are looking on the screen. You would then be able to interact 

the object of interest by dwelling (gazing at the screen for a fixed length of time), squinting 

or clicking with an external switch. 

The Tobii EyeX Controller is an eye tracking device that utilizes infrared light to track the 

eye movements and gaze point of a user. The Tobii EyeX Engine is a piece of software 

that works like an operating system extension for gaze tracking. Tobii eye tracker hard-

ware has two parts as shown in Figure 2. It has a video camera and infrared emitter. The 

infrared emitted by the emitter is reflected by the pupils. The video camera then tries to 

do image processing to get the coordinate of the eyes. Once the eye coordinates have 

been determined, then the software translates them into cursor events. For efficient 
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tracking, a onetime calibration is needed for a new user. Figure 4 shows how the data 

flows. The Tobii eyeX engine stays at the core of communicating data between the hard-

ware and client apps or operating system. 

 

 

 

 

 

 

 

                                    Figure 4. Tobii EyeX data flow 

 

2.1.1 History of Gaze Modality 
After second world war, in 1948, one of the first measures of gaze was used by the group 

of Fitts, Jones and Milton. They layer published reports which represent very large 

amount of data about movement of eye while monitoring visually. The data includes a 

large number of frames of some pilots taken while flying. Following that a number of 

different devices came up which are essentially the redesign of the original instrument. 

This technique was based on a medical technique which tracked the eyeball movements 

using electrodes positioned around the eye. The device was not accurate when the 

viewer moved his head. It also used a lot of instruments which can be considered inva-

sive and obstructive.  

One major game changer in the gaze tracking was introduction of head mounted gaze 

tracker as seen in Figure 5. Use of similar technology can be seen even today. 
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                    Figure 5: A typical eye tracking system using head mount. 

Another reference work in the gaze tracking world is the one done by Yarbus. Yarbus 

was a Russian psychologist who studied eye movements and saccadic exploration of 

complex images in the 1950s and 1960s. He recorded the movement of the eye while 

viewing natural objects and scenes. Yarbus demonstrated that the gaze trajectories fol-

lowed depends on the particular task that the observer has to perform. Figure 6 shows 

the movement of gaze when the person is looking at the image of an woman. 

 

Figure 6: The tracking of the eye when looking at the image of a woman 

 

A significant part of the pertinent work during the 1970s concentrated on specialized 

enhancements to build the accuracy and decrease the physical impact of the trackers. 

The increasing popularity of personal computers promoted the design of new interfaces 

and our ways of interacting with the computer. For long time, eye and gaze tracking have 

been evolving and crawling into our daily lives. It has shown immense potential for usage 

in various industries. There are now numerous products available in market which not 

only offer good tracking but also are economical. As technology advances, gaze trackers 

are becoming less obstructive and more precise. As an outcome, researches utilizing 

gaze as input modality has been growing. This reality prompts the presence of few dif-

ference ways of following the gaze direction. What’s more, it provides the following list 



9 
 
 
 
 

of requirements of an ideal tracking device, which are still not fully satisfied by current 

technology. (Mohamed et al. 2007) 

1. It provides a field of view without any obstruction or discomfort. 

2. It makes minimal or no contact with the user. It can be used without it acting as 

an obstruction. 

3. It has the ability to stabilize the retinal movement, thus providing a smooth expe-

rience for the user. 

4. It provides adequate accuracy without distortion, noise, lag or other sources of 

error. 

5. It offers high resolution data, thus providing the ability to detect smallest of eye 

movement. 

6. It should support a wide range of eye position and high velocity tracking.  

7. It should offer good temporal dynamics and should have the ability detect at dif-

ferent speed of reaction of the user. 

8. It should provide real-time response. 

9. It should have ability to measure all three degrees of angular rotation and should 

be able to handle translation gracefully.  

10. It should have the functionality to record. 

11. It should be compatible with head and body recordings 

12. It should be easy to use irrespective of types of users. 

Even though the technology and research has been going on for decades, the tracking 

technology has been a very complex and was available to specialized professionals such 

as military labs. In the past decade, as the technologies evolve, we are able to see them 

available for public use and at affordable cost. Gaze tracking works by tracking the pupils 

of the user, which by nature are constantly moving. Therefore, the gaze tracker input can 

be jittery and there is a possibility for unwanted actions. But as the technology evolves 

the gaze tracking becomes more and more accurate. 

2.1.2 Gaze in Gaming 
In popular culture, computer games have been growing day by day. With the introduction 

of gaze tracking devices, we have the possibility to creatively integrate it for interesting 
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interaction opportunities. It can also provide interesting opportunities to people with dis-

abilities. Gaze trackers can have the ability to enhance the gaming experience for all 

types of players. The traditional form of computer gaming can be enhanced with incor-

porating a new and powerful interactive attention aware tool. Typically, a computer now 

a days comes with a keyboard and a mouse as a set of standard devices. They have 

been the most used input devices for users who prefer gaming. Additionally, some users 

also prefer gaming controllers available in market. The types of device used can depend 

upon the context and requirement of the game. With eye tracking becoming more and 

more accessible to typical user, games are now looking into integrating this new tech-

nology. Eye tracking can be used as a separate input device, but it can as well be used 

as a device which can augment user’s gaming experience. It can be used to give the 

user additional information without being intrusive. Gaze tracking has the potential to be 

very useful, if it can be used additional to the typical hand-based input devices such as 

controllers, keyboard and mouse, thus utilizing all inputs to their full potential.  

Gaze tracking supported computer games can be classified into these two types. 

 Games, which could be controlled only by gaze without it being an obstruction.  

Here the game is controlled only through gaze. 

 Games, which are modified for them to have gaze as an additional input. The 

user does not have to abandon the support of his traditional inputs, rather he can 

use this as an additional modality to provide and consume additional information 

in the scene. 

Human vision is one of the primary ways to consume information, while in a game. Ad-

ditionally, a gamer can consume information though sounds. Now a days, when a user 

is using a dedicated controller for games, he can also consume information through hap-

tic feedback. Typically, the vision is considered to be the primary way through which the 

user typically consumes information. Human vision consists of central vision and periph-

eral vision. Both combined eyes have a wide field of view. The fovea covers about 1-5 

degrees of visual field. When consuming information from a scene, humans move both 

their eyes in quick simultaneous movements known as saccades to direct the light from 

different parts of the scene onto the fovea. Eyes can also follow objects smoothly instead 

of jumps, which is called smooth pursuit. Humans have the ability to control their head 

and vision simultaneously when moving their head to perform a task. 

A game which utilizes gaze, can use all these gaze behaviors which occur naturally. This 

should happen without the device causing unwanted distractions. In a fast-paced game, 
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the gaze control offered should be fluid and responsive. Otherwise the additional modal-

ity may cause unwanted user experience, ultimately being disadvantageous to the 

player. 

There are different ways of integrating gaze tracking in games as described in Isokoski 

et al. 2009. 

 Most gaze trackers offer a way to translate the gaze coordinates to mouse coor-

dinates, thus making your mouse pointer follow your gaze direction. This happens 

at the operating system level. The driver receives gaze based events and in-

structs the operating system to translate the gaze events to mouse events. This 

is the easiest way to integrate gaze technology into a game. 

 Another way can be to create a software which receives gaze coordinates from 

the device and then sends them to the game as a mouse event. This additional 

software does the coordinate translation job and may need some kind of calibra-

tion.  

 If the source code of the game is available, it can be modified to receive the gaze 

coordinates directly from the device. This, of course, requires more work than the 

previous two methods. But this provides very comprehensive control and pre-

sents the developer many different options, in which he can use the gaze data.  

 The last way is to create a game from scratch. This is most labor intensive, but 

this offers the most creative freedom to the game developer to maximize the po-

tential of the gaze tracking technology. 

There are many such examples of games present today in the market. The company 

Tobii which has the product Tobii eyeX has given support to integrate gaze into many 

games available in market such as Hitman and Assassin’s Creed. As of April 2020, there 

are 152 games in which Tobii has integrated eye tracking into the gaming experience 

and made available to the public through its platform. In a very popular game named 

Hitman, the eye tracking has been used for the following important features. 

 Dynamic light – Ability to have more lighting in the part of scene where user is 

focusing, thereby revealing more details. 

 Auto-pause – Automatically pause the game when the user is looking away, 

shown in Figure 7. This helps unwanted progress in the game when the user is 

not involved in the game. 
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 Aim at gaze – Ability to let the user aim where he is looking. 

 Throw at gaze – Ability to throw or fire a weapon towards the direction of gaze. 

 Extended view – Ability to explore the whole scene only through gaze.  

 Instinct at gaze – Ability to see through some walls or buildings based on gaze 

direction. 

There are other smaller features such as clean UI and head tracking based features 

which are also available in the game. Similarly, in Assassin’s Creed – Odyssey, along 

with few of the features mentioned above, additional features such as enemy tagging, 

sun effects and interaction at gaze are provided. Therefore, it can be said that as the 

technology evolves, gaze can be used in many different creative ways to integrate into 

gaming world.  

 

 

 

Figure 7: Auto-pause feature in the game Hitman. The game is paused as the user is 

looking away 

 

In Špakov et al. 2019, the author has presented the sharing of focus of visual attention 

of two players in a collaborative game. In this collaborative game, each player knows 

where the other player is focusing at any moment. The study compares the effect of 

sharing of focus in a highly immersive environment with virtual reality with rather less 

immersive desktop environment. The study concludes that sharing of gaze in a highly 

immersive environment produces better collaboration with shorter gameplay duration. 
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2.2 Mouse 

A mouse is a very common small handheld device used today to control a computer 

screen’s cursor or pointer in conjunction with the way it is moved on a flat surface. Typi-

cally, the mouse comes with 3 buttons. But now a days, few devices also offer additional 

buttons which the user can program according to his need. 

2.2.1 History of mouse 
Before mouse was invented, a computer could receive data only through keystrokes of 

a keyboard as a command. This posed many different limitations for the users; one being 

typing a set of commands repeatedly for some common tasks. First true mouse was 

invented in 1964 at the Stanford university, shown in Figure 8. As opposed to the modern 

mouse, it provided movement only in two directions, vertical and horizontal. It could not 

be moved vertically and horizontally together. The reason the device was named as a 

mouse was because the wire which came out of the device looked like a rodent’s tail. In 

1973 Xerox integrated mouse into their newly created personal computer. This had a 

graphical user interface with support for mouse. They also developed a mouse, called 

ball-mouse, which would allow the user to move in any direction the user wants. This 

revolutionized the way mouse is used in personal computers. In 1984 Apple came along 

and took the concept of mouse to use of general public with the introduction of original 

Macintosh. Apples clever marketing pushed the use of a preexisting technology into use 

for a wider audience. These devices typically offered two buttons to users in the device. 

In 1996, the concept of scroll wheel was introduced into mouse. In the late 90’s, the 

optical mouse was introduced to the market. The optical mouse normally requires a 

trackpad, which it scans continuously to understand the direction in which the device is 

being moved. Modern mice use a laser beam for tracking, which offers higher precision 

and granular tracking. They can work on various types of surfaces such as glass surface 

by tracking micro scratches and dust particles. 
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Figure 8: The first computer mouse invented by Douglas Engelbart in 1964 

 

It has been a long time since the invention of mouse, but the simplicity and intuitive-

ness of the mouse has ensured its continuity as an extremely important input device 

even today.  Now a days most of the laptop computers have an inbuilt trackpad which 

performs the same task as mouse, while the way it works is quite different. In a track-

pad the user places his finger, and as he moves his finger the cursor or pointer on 

screen moves in the same direction.  

2.2.2 Mouse in gaming 
Digital games are now evolving as a cultural phenomenon and part of many lives. It not 

only restricts itself as a hobby but also it has become a fulltime job for many. The intro-

duction of e-sports has revolutionized the gaming community. What used to be a hobby 

mostly attracting teenagers, now is able to pull an audience in the order of millions. With 

high popularity, there has been effort to advance input technologies which gives players 

a competitive edge without cheating. Mouse has been proved as one of the most used 

devices for gaming. With first person shooter games, mouse provides speed as well as 

accuracy, which are of utmost importance in a competitive scenario. 

 



15 
 
 
 
 

 

Figure 9: A gaming mouse, with adjustable sensitivity and customizable buttons 

 

Now a days the popularity of mouse has gone up with it being one of the standard inputs 

included with the system. It has wide support in all operating system and are very pocket 

friendly. Keeping this in mind, there has been a new trend of using mouse which is touted 

as gaming mouse, an example of which can be seen in Figure 9. This mouse provides 

ergonomics which lets you use it for hours without making your hands tired and it also 

prevents sweat build up. They tend to have better performance and durability. In some 

games, it seems advantageous to change the sensitivity of the mouse on the fly. For 

example, you need higher sensitivity when you are running around a map and exploring. 

You need to consume as much information as possible by moving your camera around 

with your mouse. But when shooting a target, having a lower sensitivity can be very 

helpful. It can help the user with precise targeting. Keeping this in mind, a typical gaming 

mouse provides the user extra buttons with which the user can adjust the sensitivity while 

playing a game. Gaming mouse also comes with a few customizable buttons, which can 

be bound to complex operations. For example, consider a first-person shooter game, 

where the user presses “A” key on the keyboard to change ammunition to a particular 

ammunition, “B” key on the keyboard to load the gun and “C” key to shoot. Using a gam-
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ing mouse, the user can program one of the custom buttons to execute these three com-

mands in series, therefore performing the task with ease. Along with this, to attract users, 

gaming mice normally come in a variety of looks and colors. 

2.3 Mouse with Gaze in gaming 

Gaze as a primary input has disadvantages due to the nature of how it works. While our 

eyes consume information, our pupils move in a fast motion to analyze and construct the 

scene in our brain. Due to this, gaze cannot be used as a primary input, but it can be 

used as a supporting input. One of the such techniques is MAGIC (Mouse and Gaze 

Input Cascaded) pointing techniques, explained in Zhai et al. 1999, which provides the 

advantages of both the inputs: high speed of eyes and high precision of mouse.  

 

 

Figure 10: The adaptation of cursor speed based on distance from gaze point as ana-

lyzed in Velloso et al. 2015 

 

MAGIC has shown significant advantage over only mouse inputs in a variety of tasks 

relating to HCI. In the study of Velloso et al. 2015, different interaction techniques of 

MAGIC were evaluated in the context of a first-person shooter game named Battlefield 

3. The techniques modulated the speed of mouse cursor depending on the distance from 

the target, described in Figure 10. The study concluded that there is no significant differ-

ence in player performance in both the interaction techniques. While MAGIC has been 

proven beneficial to the gaming community, making the cursor adapt to a dynamic speed 

based on distance from target ends up being unintuitive.  
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3. IMPLEMENTATION 

To understand and compare the user experience of mouse with gaze in online gaming, 

we implemented an online game and named it Space Explorer. The game needed to 

support both mouse and gaze as input modalities. Therefore, there were two versions of 

the game: Space Explorer GT and Space Explorer Mouse. Space Explorer GT uses a 

gaze tracker as input and Space Explorer Mouse uses mouse as input. Except the input, 

most of the code and gameplay is same. 

The game is made in Unity and the programming language of choice is C#. The reason 

to choose Unity and C# was because of my previous experience with the language and 

high availability of support for C# and Unity. The Gaze client code for the Tobii eyeX 

driver in C# was already available, which was one major reason of choosing the lan-

guage and framework. 

3.1 Storyline 

While ideating the game, it was decided that the game should fulfil few basic require-

ments. It should be relatable to gamers as well as non-gamers. It should be able to sup-

port mouse-based input and it should be able to support gaze-based input and the inter-

actions should feel natural.  While going through many available games for ideas, few 

genres of games such as car racing, space exploration, first person shooter etc. it was 

decided that the game should be simple to play due to novelty of gaze input for users. 

While the users may have had experience with mouse, most may not have experience 

with gaze input. The main reason a multi-player game was chosen was to conduct the 

experiment in an environment of collaborative nature.   

When starting to ideate on what to develop as a game, many pre-existing games were 

explored. Among those the concept of space exploration seemed very intuitive and re-

latable to the users. Therefore, it was decided to have space exploration theme in the 

game with the following story.  

There are two players who are in a spaceship exploring space together. The space is 

covered with asteroids and they have to shoot down an asteroid to make way for the 

spaceship. The shooting of the asteroid is a two-step process, each step requiring input 

from one player. One player among them sets the target asteroid to be shot at. This 

asteroid can be selected randomly among the asteroids present on the screen. Once the 
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asteroid has been chosen, it can be seen in the view of the both players. The other player 

can aim at the selected asteroid to shoot and destroy the asteroid. This is how they keep 

clearing way and explore the space. 

3.2 Networking 

The networking of this game has been implemented by Photon Unity Networking 2 (PUN 

2). Using PUN 2, developers can integrate networking into their games relatively easily. 

PUN Games have dedicated servers in different regions around the globe, which helps 

in having low latency and short round-trip times for players worldwide. The library is cross 

platform, so it does not distinguish between players who come from different platforms, 

therefore allowing to have a wider player base. Games built using PUN 2 provide scala-

bility. Therefore, a game can handle tens of thousands of concurrent users. It provides 

an easy matchmaking API for players to integrate into their game easily. Using the API, 

players can match with other players randomly, or they can search for rooms having 

some criteria. The developers can also create a few rooms and let the users pick one. 

All these features work on mobiles, PCs, Consoles and in the web in a cross-platform 

manner. The client can talk to the Photon Server using Reliable UDP, TCP, HTTP or 

WebSockets for real-time communication. 

Space Explorer uses the free version of PUN 2 which supports up to 20 concurrently 

connected users, therefore can support up to 8000 monthly active users. It includes 60 

Gigabytes of traffic in the plan. For the testing, the bandwidth and number of supported 

users are adequate. Our game implements one room with support of maximum 2 players. 

PUN has an inbuilt concept of master client. Typically, this is the client which connects 

to the server first. When this person disconnects or leaves, then the responsibility is given 

to another player. This process is called Host Migration. In this game, the concept of 

MasterClient is used only to distinguish between which client connected first. The game 

is designed so that, the master client is the one which handles gaze input and the other 

client handles mouse input.  
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3.2.1 PUN’s Structure 
PUN’s structure is very easy to understand and integrate into games. The framework 

packages three layers of APIs 

 Highest level of the API implements Unity specific features like networked ob-

jects, remote procedure calls (RPCs) and so on 

 The middle level contains logic to work with Photon servers, help in matchmaking 

and callbacks. This real-time API can be used independently to implement net-

working in online gaming. 

 The lowest level is made up of protocols, serialization/deserialization and other 

low-level networking. 

Space explorer mainly uses the highest level and middle level APIs to achieve the real-

time communication and networking.  

3.3 Game Architecture 

The game is played by two players at once. One of them is the target setter, other is the 

target shooter. The communication between the two happens through internet. Both the 

users see the same thing. But due to the support of gaze only in Windows operating 

system and my primary development being done with MacOS, it required two different 

code bases for supporting two different inputs. The most viable option to do this while 

trying to keep the code simple was to maintain two different codebases for two different 

inputs. Most of the code and functionalities stay same, but the input and interactions are 

different for both the codebases. 

This chapter will discuss about the common parts of each game and then go on to dis-

cuss the difference between the two codebases. The core of the game are different types 

of managers as seen in Figure 11. These managers keep track of different aspects of 

the game and make sure that the game is in sync for both the players. 

As seen in Figure 11, there are 4 managers in the game, AsteroidManager, Ga-

meManager, PlayerManager and PUNManager. The PlayerManager does not have its 

own GameObject, but it is attached to the GameManager GameObject. The Event-

System which appears under Managers is a Unity GameObject automatically added to 

the scene for handling input event in the scene. We are not going to focus on that, the 

focus will only be on the various managers used in the game. 
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Figure 11: The structure of the game. Under Managers section it shows all managers 

used in the game 

 

3.3.1 AsteroidManager 
AsteroidManager is a Unity GameObject, managing asteroids. It instantiates the aster-

oids for both the players for different rounds and keeps track of the asteroids throughout 

the game. The positions of the asteroids were pre-defined in the game. There were 7 

positions identified in the game, which seemed to be best in terms of visibility and ac-

cessibility from user’s point of view. The seven predefined positions is shown in Figure 

13. When the program needs to instantiate asteroids, it first destroys all asteroids present 

in the view. Then it shuffles the list of positions according to Knuth’s algorithm and then 

instantiates the asteroids at the top 5 positions in the list. The pseudo code for Knuth’s 

shuffle algorithm can be found in Figure 12. 

 

 

Figure 12: Pseudo code for Knuth’s shuffle algorithm 
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Figure 13: The predefined initial seven positions of asteroids 

 

3.3.2 GameManager 
GameManager is a Unity GameObject which subscribes to PUN callbacks. PUN is the 

Photon Unity Networking engine which is described in chapter 3.3. The GameManager 

keeps track of the stage of game, the running status, exposes methods to change rounds 

and keeps track of score. At the end of the game, the GameManager saves the log to 

the disk. Following 4 are the different types of statuses in the game. 

1. AsteroidsReady 

2. GazeSelectedAsteroid 

3. TargetSet 

4. MouseSelectedTarget 

For each round, the game changes its status between these 4 available statuses. For 

example, when a round starts, the status of the game is AsteroidsReady. When a target 

setter, which is usually gaze, looks at an asteroid, the status of the game becomes Gaz-

eSelectedAsteroid. When the target setter looks at the asteroid for a specific amount of 

dwell time, which is 2 seconds in our case, then the asteroid is set as the target and the 

game status becomes TargetSet. When the target shooter then shoots the target, the 
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status of the game becomes MouseSelectedTarget, which triggers the explosion anima-

tion. This ends the particular round and the next round initiates. GameManager is a sin-

gleton class which manages everything that is mentioned above. 

3.3.3 PlayerManager 
PlayerManager is attached to the same GameObject named as GameManager. This 

singleton class handles the assignment of the player, manages the player’s crosshair, 

keeps track of the player’s targeting status and acts on whenever the player intends to 

perform a task. It also constantly checks when an asteroid is under the crosshair by ray 

tracing. Using ray casting, a virtual ray is cast from the crosshair onto the scene, and 

then it is determined if the ray is crossing any objects in the scene. In the beginning of 

the game the game also sets up the input for the player based on if the current instance 

is master client or not. Following is the pseudo code for the PlayerManager. 

 
isTargeting = False 
player = Null 
 
Function SetupPlayer 
 If player is MasterClient 
  Enable MousePlayer for the player variable 
  Disable GazePlayer for the player variable 
 Else 
  Disable MousePlayer for the player variable 
  Enable GazePlayer for the player variable 
 
Function Update 
 If game is ongoing 
   If asteroids are ready and is not MasterClient and isTargeting is False 
   isTargeting = True 
   Start targeting 
 
  Else if target is set and this is MasterClient and isTargeting is False 
   isTargeting = True 
   Start targeting 
  
 If isTargeting and player hit asteroid 
  If this is not MasterClient 
   Mark hit asteroid as selected 
   Set the game status as GazeSelectedAsteroid 
  Else 
   Run explosion animation for selected asteroid 
   Set the game status as MouseSelectedTarget 
   Prepare for next round 
  isTargeting = False 
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  reset player variable  

3.3.4 PUNManager 
PUNManager is a singleton class which manages all networking related tasks, it helps 

to connect to the Photon servers and then to connect to a game room. It also keeps track 

of when a player enters the room or exits the room. When there are 2 players in the 

room, the game can start as it is a two players game. This singleton class also manages 

the UI based on network status and number of players available in the room. Once a 

room has been joined, the MasterClient is decided based on who has joined the room 

first from both the players. MasterClient is a client among the players whose decision is 

ultimate. For example, if two players perform the same action, whichever action was 

processed by the MasterClient first becomes the final action. 

3.3.5 Players 
Apart from the managers which manage the overall aspect of the game, there are other 

vital elements such as players. There are two kind of players, MousePlayer and Gaze-

Player. Both kind of players implement the IPlayer interface with the following methods. 

 StartTracking: returns void 

 StopTracking: returns void 

 StartTargetting: returns void 

 StopTargetting: returns void 

 didHitAsteroid: returns boolean 

 getHitAsteroid: returns the instance of the asteroid that is hit 

The interface defines all the methods a specific player needs to implement. For example, 

didHitAsteroid method returns if a player has hit an asteroid. This is determined by ray 

casting as described in section 3.3.3. getHitAsteroid returns the instance of the asteroid 

that has been targeted by the player. Each player implements methods from this inter-

face. MousePlayer moves the crosshair based on the mouse’s position on screen. Gaze-

Player handles the gaze related input and translates it to player’s action. When the game 

starts and the player connects to the room, it is either assigned as a MousePlayer or 

GazePlayer. When a new GazePlayer instance is created, it creates an instance of 

GazeClient. GazeClient manages the data from gaze tracker and translates it for the use 

of game. Section 3.3.5 describes more about the GazeClient 
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3.3.6 Gaze Client 
GazeClient is the utility class which handles the raw gaze data. After calibrating the gaze 

tracker, the driver sends raw data about the gaze coordinates in JSON format through a 

websocket. The GazeClient receives the calibrated gaze data in JSON format. It then 

formats and smoothens it thereby removing the unnecessary jitters present in the raw 

data. This data is then passed on to the application which subscribes for gaze-based 

events. 

The data flow from the Tobii eyeX device to the gaze client is described in Figure 14. 

 

 

Figure 14: Data flow from Tobii eyeX device to the gaze client 

 

3.4 Logging 

Logging is very important part of the data collection. In the beginning, Logging is imple-

mented by keeping in mind that most if not all events must be logged.  Logger singleton 

class is implemented, which collects all the logs and saves it to a timestamp marked 

JavaScript Object Notation(json) formatted file. In the process of logging, events such as 

start of game, start of round, action by gaze and action by mouse is logged. Additional 

data such as positions of asteroid when a round starts is also logged. All logged events 

have an associated timestamp with it. Following is an example of the snippet of the actual 

log file. This log contains data for one round. The timestamps are in seconds and the 

positions are in unity space coordinates. Further rounds are added as more elements to 

the array. 

 

 

 

[ 
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    { 
    "timestamp": 1576505349, 
    "type": "GAME_STARTED", 
    "roundNumber": 0, 
    "positions": [], 
    "sizes": [] 
    }, 
    { 
    "timestamp": 1576505497, 
    "type": "ROUND_STARTED", 
    "roundNumber": 10, 
    "positions": [ 
        { "id": -23234, "x": -11.1, "y": 2.5, "z": 18.0 }, 
        { "id": -23288, "x": 8.6, "y": -5.4, "z": 18.0}, 
        { "id": -23342, "x": 9.2, "y": 4.0, "z": 18.0 }, 
        { "id": -23396, "x": -2.0, "y": 5.3, "z": 18.0 }, 
        { "id": -23450, "x": 1.0, "y": 0.0, "z": 18.0 } 
    ], 
    "sizes": [] 
    }, 
    { 
    "timestamp": 1576505504, 
    "type": "GAZE_TARGETTED", 
    "roundNumber": 0, 
    "positions": [ 
        { "id": -23396, "x": -2.0, "y": 5.3, "z": 18.0 } 
    ], 
    "sizes": [] 
    }, 
    { 
    "timestamp": 1576505504, 
    "type": "MOUSE_TARGETTED", 
    "roundNumber": 0, 
    "positions": [ 
        { "id": -23396, "x": -2.0, "y": 5.3, "z": 18.0 } 
    ], 
    "sizes": [] 
    } 
] 
 
 
 

3.5 Gameplay 

The game needs two players. One of them is a gaze player and other is the mouse 

player. Once the game starts the gaze player and the mouse player start seeing their 

cursors. The players crosshairs have different colors, typically blue and red. Each players 
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crosshair follows the player’s input. For example, the gaze player’s crosshair follows his 

gaze input and the mouse player’s crosshair follows the mouse input. For each round 

both the players are shown the same set of five asteroids on their screen. The five as-

teroids are placed in five different positions chosen randomly from seven different pre-

defined positions. Then the gaze player moves his gaze and dwells on an asteroid for 

two seconds, therefore setting that particular asteroid as target. If the focus is lost on an 

asteroid before the dwell time is over, then the asteroid is not selected, and the user can 

select another asteroid by dwelling on it. Once the target is set, the particular asteroid is 

outlined in red in both the player view. Then the mouse player shoots the asteroid by 

moving his mouse pointer to the top of the asteroid and shooting it. The round finishes 

when the mouse player clicks anywhere irrespective of if he clicks on the selected aster-

oid or if he misses. If the mouse player is not able to shoot the right target, there is no 

explosion animation and the game proceeds to next round presenting next set of aster-

oids to the players. The gameplay screenshots are shown in Figure 15, 16, 17 and 18. 

 

 

Figure 15: The welcome screen 
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Figure 16: A set of five asteroids presented to both the users. The red crosshair which 

follows the user’s input also can be seen in the image 

 

 

Figure 17: The gaze player has selected the asteroid. The selected asteroid can be 

seen having a red outline and a red opaque layer. This is visible to both the players. 
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Figure 18:  When a mouse player shoots the correct selected asteroid, the asteroid ex-

plodes with an explosion animation like shown in the image.  
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4. RESEARCH METHODS 

This chapter starts with describing the research question. It then talks about the experi-

ments conducted. It first talks about the participants and then it goes on to describe the 

hardware and software used. Then it describes the experiment procedure and how the 

experiment was conducted. 

4.1 Participants 

The experiment is conducted with 14 participants in 7 different sessions. Since the game 

is a two-player game, each session involved two participants. The experiment here in-

volves a game, so participants were chosen from students of the Tampere University, 

from the course of Introduction to Interactive Technology. It was expected that since the 

students were mostly young, they would have familiarity with computers or even games. 

The tasks were made to be simple enough so that persons with no prior experience in 

computer can perform without difficulty. Table 1 describes the demography of the partic-

ipants. 

Age  Gender Previous experi-

ence with gaze 

Experience in 

years with 

mouse-based 

online games 

Plays mouse-based 

online game  

21 Male  No 12  Daily or almost daily 

19 Female No 0 More rarely than weekly 

23 Female No  10 Daily or almost daily 

22 Male No 15 More rarely than weekly 

23 Female No 8 Weekly 

27 Female Yes 4 More rarely than weekly 

31 Male No 16 Daily or almost daily 
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26 Female Yes 6.5 More rarely than weekly 

21 Male  No 7 Weekly 

19 Female No 1 More rarely than weekly 

29 Female Yes 4.9 More rarely than weekly 

37 Male No 20  Weekly 

20 Female  No  10 Daily or almost daily 

23 Male Yes 15 Daily or almost daily 

Table 1: Demographics of the participants 

Out of the 14 participants, there were 6 male and 8 female participants. The age of the 

participants ranged from 19 to 37 with 23 being the median age. Only 4 of the participants 

had some previous exposure to gaze-based interaction, rest 10 had never experienced 

any gaze-based interaction. Five participants had daily or almost daily interaction with 

mouse-based games, 3 had weekly and the rest had less experience with mouse based 

online games. The average age of experience of online gaming is 10 among the partici-

pants. 

4.2 Apparatus 

The experiment was conducted in Gaze Laboratory in the Tampere University, Main 

Campus. The lab had two sections, separated by a wall and both the sections were 

soundproof. Both the users were provided with laptops. One Laptop was a Macbook Pro 

with 2.7 GHz Quad-core intel core i7 processor and 16GB DDR3 RAM. This had Intel 

HD graphics 530 and used macOS Catalina operating system The other laptop was a 

Dell XPS laptop with 1.8GHz Intel core i7 processor and 8GB DDR3 RAM. It also has 

Intel HD Graphics 4400 and runs Windows 10 operating system. The reason to choose 

two different operating system-based laptops was availability. The gaze tracking was 

limited to only Windows-based laptop since the driver for the hardware is only supported 

in Windows. But the mouse-based game could be run in both the laptops. Both the 

games were run with screen resolution 1920x1080. Both the users play the game with 

the screen size of 15 inches. In both the settings, the game was running consistently in 

60 frames per second. 
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For gaze tracking, Tobii eyeX gaze tracker was used. The gaze tracker had its own driver 

installed in the Windows laptop. There was also an additional software ETUDriver which 

was installed along with the main driver. ETUDriver received the gaze-based data from 

the original Tobii driver and then could broadcast it through a Websocket, which the 

game can consume. 

4.3 Experiment Procedure 

The participants were asked for their preferable time slot during registration. Based on 

their input, pairs of participants were formed for each session. The following procedure 

was followed for each session.  

 The participants were welcomed and introduced to each other. 

 They were introduced about the study. To help them familiarize with the experi-

ment, a verbal description of the game and gaze tracking technology was given. 

The participants asked questions if they wanted to know more about certain as-

pect of the experiment. 

 The participants were handed over the experiment description and the consent 

form (Appendix 1 & 2) 

 The participants were then asked to fill up a background questionnaire (Appendix 

3) 

 There are two persons present supervising the experiment. Both of them give the 

users a demo of the game and explain how it works. 

 For each pair of users, experiment is conducted in four sessions. 

 In the first session, the participants were assigned roles randomly. One of the 

participants becomes the target setter, other participant becomes the target 

shooter. 

 The target setter is moved to the computer setup with gaze tracker. The gaze 

tracker is calibrated for this particular user. In the calibration process, a colored 

circle appears on the screen at random places. The user follows the circle with 

his eyes. 

 The target shooter is moved to his place. This user does not require any calibra-

tion and he can directly jump into the game. 

 The game starts and goes on for 10 rounds. For each round in the game 
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o A set of 5 asteroids appear 

o Target setter chooses one of the asteroid presented to him. The chosen 

asteroid has red outline which can also be visible to target shooter. 

o The target shooter shoots the selected asteroid. More information about 

the gameplay can be found in chapter 3.4. 

 For the second session, the users switch roles. And all the gaze tracker is setup 

and calibrated according to the new user. Again, the game continues like men-

tioned in the previous point. 

 In the third session, both the users play the game using mouse. So the target is 

set with mouse and the target is shot with mouse. 

 At last in the fourth session, both the users switch roles. 

 Once the games are over, the participants are handed over a final questionnaire 

(Appendix 4).  

4.4 Data Collection 

Data is gathered during the game by logging explained in chapter 3.4. Each session 

produces a single log file, which logs each event with their timestamp. It also logs the 

positions of all the asteroid presented and position of the shot asteroid for each round. 

There were 7 experiments, each with 2 participants. Each experiment had four sessions 

and each session had 10 rounds. In a session both the participants were tasked with 

setting target asteroid with gaze and setting target asteroid with mouse. There were total 

140 samples for performing the targeting task with gaze and there were 140 samples for 

performing the targeting task with mouse. Data is also collected also in the form of back-

ground questionnaire and end questionnaire. While background questionnaire consists 

mostly of data related to the user, the end questionnaire collects subjective data related 

to the participants’ experiences.  
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5. RESULTS 

This chapter starts with introduction to different types of data which was collected during 

the experiment. Then it goes on to analyze the objective data and subjective data. Ob-

jective data is collected from the log files and the subjective data is collected via ques-

tionnaires provided to the participants at the end of the user testing. 

5.1 Processing 

The experiment collects the data in the form of logs as well as through questionnaires. 

In this thesis we will be analyzing both the data. The first part of the questionnaires con-

sists of subjective questions about the tasks the users were asked to perform. The sec-

ond part of questionnaire has a list of statements and the users have to choose one or 

multiple statements based on what they relate to. The third part of the questionnaire is 

free-form text. This is used to gather feedback from the users about what they felt about 

the game.  

Log files were collected for every session. There were four sessions in each experiment 

for each pair of users, which produced 4 log files. The logs were in JavaScript Object 

Notation(json) format. More information about logging is presented in chapter 3.3.6. 

5.2 Objective data analysis 

While collecting the timestamp marked log data for gaze-based input, the dwell time, 

which is 2 seconds in our case, is subtracted from all the samples. The targeting time is 

calculated by subtracting the timestamp of “GAZE_TARGETTED” and 

“ROUND_STARTED” event and then subtracting the dwell time of 2 seconds. The shoot-

ing time is calculated by subtracting the timestamp of “MOUSE_TARGETTED” event 

from “GAZE_TARGETTED” event. The gaze samples range from 0 to 35 seconds and 

has the mean of 3.4 seconds. The mouse samples range from 0 to 9 seconds with a 

mean of 1.7 seconds. More descriptive statistics about the samples can be found in Ta-

ble 2. 

The data related to the time taken to complete the target selection task with both mouse 

and gaze were collected from the logs and a paired T-test is conducted on the samples. 

T-test is conducted to see if there is significant statistical difference between the means 



34 
 
 
 
 

of two data sets. Since the population of the samples are same, paired T-test method is 

used. 

 

Targeting using gaze Targeting with mouse 

     
Mean 3,4 Mean 1,7 

Standard Error 0,43 
Standard 
Error 0,09 

Median 2 Median 2 
Mode 1 Mode 1 
Standard Devia-
tion 5,12 

Standard 
Deviation 1,04 

Sample Variance 26,18 
Sample 
Variance 1,09 

Kurtosis 17,74 Kurtosis 18,67 
Skewness 3,86 Skewness 3,4 
Range 35 Range 9 
Minimum 0 Minimum 0 

Maximum 35 
Maxi-
mum 9 

Sum 481 Sum 239 
Count 140 Count 140 

Table 2: Descriptive statistics about the collected data 

 

The result from the gaze input-based targeting time (M = 3,4, SD = 5,11) and mouse-

based targeting time (M = 1,7, SD = 1,04) indicate that statistically the difference be-

tween the two means is significant. The details of the T-test can be found in Table 3. 

 

Pearson Correlation -0,018 
Hypothesized Mean Difference 0 
df 139 
t Stat 3,90 
P(T<=t) one-tail 7,35E-05 
t Critical one-tail 1,66 
P(T<=t) two-tail 0,00014 
t Critical two-tail 1,98 
  

Table 3: Result of the T test on the samples 
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5.3 Subjective data analysis 

Subjective data is collected through questionnaires at the end of the testing. This helps 

us understand the data from the user’s perspective. Therefore, the questions asked in 

this section tend to be open ended and encourages the users to be open while providing 

feedback. In this section we will explore all questions individually. 

5.3.1 Preferred method of interaction 
The first question in the end questionnaire is about the preferred method of interaction 

and why. Ten out of fourteen participants preferred mouse as opposed to four for gaze. 

Participants, who preferred gaze mostly liked the novelty and interestingness of the tech-

nology. Five participants mentioned that they had difficulty in gaze since it was unable to 

follow their gaze accurately and a few felt it had too much lag. One participant even 

mentioned gaze being strenuous to eyes. Five users mentioned about their familiarity 

with mouse and how the task felt more natural since they are more used to mouse. Over-

all the users felt mouse being more effective, fast, reliable while users preferring gaze 

attributed the reason to the novelty and interestingness of gaze-based technology. 

5.3.2 Easiness of performing a task as gaze user 
The second question was about the easiness of selecting a target as gaze user. Eleven 

out of fourteen participants found it difficult to target using gaze. Two of the three partic-

ipants, who found it easy, did mention about the inaccuracy of the gaze technology. Al-

most everyone mentioned about the difficulty in using gaze. Six participants mentioned 

that while selecting a target in the center of the screen is relatively easy, aiming at targets 

which were towards the corner or side of the screen was more difficult. Few participants 

mentioned that they had to compensate for the error in the gaze tracking. Therefore, 

when they wanted to target a particular asteroid, they had to look a bit left or bit right to 

offset the error in tracking. The users mentioned it as frustrating and difficult. However, 

one participant mentioned that the technology was easy to use and he felt it was quite 

natural. 

5.3.3 Easiness of performing a task as mouse user 
The third question was about the easiness of shooting a target as mouse user. All the 

participants mentioned that performing the task using mouse was easy for them. Two of 

the participants said that, even though performing the task using mouse was easy, they 
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clicked wrong a few times. Three of the participants also mentioned that they felt mouse 

was easy due to their long experience in using mouse and gaming.  

5.3.4 Attentiveness and concentration during the study 
The fourth question asked the participants that in a long study like this, did the users feel 

attentive and concentrated for the whole study. The question was asked to assess if 

using gaze or mouse has been tiring for the users. All the users said that they were 

attentive and concentrated throughout the study. Four participants said that they did not 

feel the experiment as long. One of them mentioned that changing the roles between 

target setter and target shooter also helped keep them interested. One participant men-

tioned that though the experiment was not too long, but the problems with gaze technol-

ogy made it feel longer. One of the participants mentioned that the environment setup 

by the test conductors was friendly and it helped them not stress. But overall the feeling 

was that most of the users were concentrated and attentive throughout study. 

5.3.5 Collaboration Questionnaire 
Since the tasks in the game was of collaborative nature, the collaboration questionnaire 

is asked to understand how the participants feel about the collaboration. In this the users 

were given seven statements and the participants had to mark which ever statements 

they felt they related to. Most of the participants mentioned that they enjoyed the expe-

rience and they were able to focus on the tasks.  Twelve out of the fourteen participants 

mentioned that they were confident that they were able to complete the task correctly 

and the collaboration with the partner worked well. But only a few of the participants said 

they felt connected or they felt their partners sensed their presence. All the responses 

are shown in Table 4. 

Statement Number of participants related to 

I felt connected with my partner 4 

I felt I was present with my partner 3 

My partner was able to sense my pres-

ence 

1 

I enjoyed the experience 14 
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I was able to focus on the task activity 13 

I am confident that we completed the task 

correctly 

12 

My partner and I worked together well 11 

Table 4: Result of the collaboration questionnaire 

5.3.6 Other opinions 
Along with other questions, the participants were asked to write their opinion at the end 

of questionnaire about their subjective experience. This was done to collect data that the 

participants might have wanted to express but could not express due to not availability 

of appropriate question. This section was completely optional. Eight out of fourteen par-

ticipants wrote their subjective opinion in this section. 

Based on their opinions, participants talked about accuracy of gaze-based input. They 

said that if the gaze-based input were smoother, then the interaction would have been 

more natural. Few participants also expressed that they had to compensate for the inac-

curacy of the gaze tracker by looking more to the left or right to offset the error. Other 

than these common opinions, few participants expressed the easiness of using mouse 

while they also expressed different problems happening with the gaze tracker. 
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6. DISCUSSION 

The samples were analyzed based on their time to complete a task using gaze and using 

mouse. The results signify that the participants took more time to conduct a task using 

the gaze input than a mouse input. The participants took 1.7 second on average to per-

form the selection task using mouse, but the same participants took 3.43 seconds on 

average to conduct the same task using gaze. The statistical analysis of the log data 

showed difference to be significant.  

The analysis of questionnaire showed that the preferred method of input was mouse for 

most of the users. The participants mentioned that the familiarity with mouse as input 

has helped them do the tasks with ease. They mentioned that mouse input is accurate 

as opposed to the gaze input. The gaze input had too much lag and it was jittery. Due to 

which it was not very user friendly. The gaze input sometimes had an offset, which made 

it difficult to use. The participants had to compensate for the offset by trying to cancel the 

offset by looking towards the left or right. The target then moved to their peripheral vision 

and they could not know when the task is finished.  

Some users mentioned that the novelty of the technology kept them interested and they 

had gaze as the preferred input even though it had significant shortcomings. Overall 

most of the users found doing the task easy with mouse and difficult with gaze. Few 

participants said that they felt that the gaze was strenuous to use, and it probably affected 

their performance. The participants also mentioned that they enjoyed the experience and 

the collaboration. Overall the preferred method by the users was mouse. 

Mouse has been a clear winner, may be due to its familiarity. It was not studied if previous 

experience with gaze helps the participants. Further study should be done to understand 

if prior experience with gaze significantly changes the result and gaze becomes more 

and more useful as the user gains more experience.  

This experiment was done on a game, where the tasks were of collaborative nature. Dorr 

et al. 2007 concludes that the participants found the game enjoyable while playing with 

eyes, which contradicts our results. They had modified the game LBreakout2 for their 

experiment, which is a single player game. Further study should be done if involvement 

of multiple players in the game affects the results. It should also be researched if the 

nature of the task of the online game affects the result in any way. In our experiment we 

had tested the game where the tasks were of collaborative in nature. Even though the 
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mouse response was faster, it was not evaluated if the task was performed correctly. 

Therefore, further research should be done to analyze the correctness while performing 

the task. The tests can be recreated with a game where tasks are of competitive nature, 

for example, in a game like first person shooter where one player is killed if he does not 

shoot down the other player. Such research opens the gate for research into the effec-

tiveness of gaze input in different types of games. 

One of the main complaints of the participants was the inaccuracy of the gaze tracker. 

Even though the tracker was calibrated once for each user, it was not very accurate. 

Further studies should be done if a calibration with longer time and more calibration 

points makes the experience smoother and more accurate. It would be a very interesting 

experiment to see if the result changes with a more accurate and smoother experience. 
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7. CONCLUSION 

In the field of Human Computer Interaction, different novel inputs are always introduced. 

Gaze input is such an input. Even though the history of modern gaze technology can be 

traced back to 1980s, its frequent use is relatively new. Most of the users do not use it 

for daily lives. The basic nature of gaze dictates that our eye follows the point of interest. 

With hardware such as gaze trackers, we are able to utilize this additional information. 

Typically gaze trackers are used to understand the point of interest but using gaze track-

ing as an aid to input is relatively new. Its potential for using as an input aid is high since 

the gaze always follows the point of interest. 

Our study showed that gaze is significantly inferior as an input against mouse. Mouse, 

due to the familiarity is more natural and easier for users. Gaze technology is relatively 

new and inaccurate according to our study. It was also seen that for a user gaze-based 

input is significantly harder to use. Users prefer mouse to perform a task and they feel 

they can perform a task faster with mouse. A few users prefer gaze to mouse due to the 

novelty of gaze-based technology. 

Previous studies had shown the effectiveness of gaze for a single player game. But our 

study rejected that and concludes that the use of mouse is significantly faster and has 

better user experience for users. Further work would involve using this system to under-

stand the user experience of different inputs based on different types of games. Further 

work also can help understand if the user experience of gaze improves as it gets more 

and more accurate over time.   
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APPENDIX 1 

A study on collaboration in online games using gaze and mouse  
 
You have been invited to participate to an experiment, in which we are testing on col-
laboration in an online game using gaze and mouse. There will be 2 participants at a 
time. One participant will be a gaze user, other will be a mouse user. In the online 
game, in one round, 5 asteroids are presented to the users. The gaze user has to 
point, and the mouse user has to shoot the pointed asteroid. There will be a trial phase 
showcasing the way to do it to both the users. In addition, you will fill a short end ques-
tionnaire at the end of the experiment. The participation to the experiment takes ap-
proximately one hour. 
 
There are no restrictions for those who wish to be a volunteer: 
 
You can to ask questions related to the experiment to the organizer listed at the bot-
tom. If you agree to participate, a written consent will be collected. 
 
The aim of the experiment 
 
The study aims to investigate the usage of gaze and mouse in a collaboration based 
online game. We will be comparing this to the traditional method of using mouse for 
both the players. 
 
Benefits and risks  
 
There are no direct financial or other benefits from your participation. However, you will 
have an opportunity to familiarize yourself with the way a research can be done. Addi-
tionally, with your help we will advance the formation of new scientific knowledge. 
There are no known risks related to your participation.  
 
Confidentiality, date storage, and data processing 
 
All the information and data collected during this experiment will be handled confiden-
tially. The personal data will be stored separately from the experimental data in a safe, 
locked room. The experimental data, including background information will be anony-
mized by using coding, based on which it is not possible to deduce the identity of the 
participant. Only the research personnel will have access to the data. The data is ana-
lyzed and reported in a group level and, thus, participants are not identifiable. The ex-
perimental data and all the other information collected during this experiment will be 
saved in a safe locked room and in a password protected computer for five (5) years, 
after which they are destroyed. Please read more about the handling of personal infor-
mation in the current study from the attached privacy statement. 
 
 
Voluntariness 
 
The participation is fully voluntary, and you can abort your participation at any time 
without any special reason and without any consequences. If you decide to discontinue 
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the experiment at any point, the collected data will be destroyed if you so decide to 
choose.  
 
Reporting the results 
 
The results of current experiment are aimed to be published in a suitable scientific 
venue, such as in a scientific journal or conference. The results will not be informed to 
the participants separately. 
 
Additional information 
 
Kindly contact Amit Sarangi if any questions arise. 
 
Organizations and sponsors of the research 
 
This experiment takes place in gaze lab in Pinni B building, Tampere University, 
Kauppi Campus.  
 
Contact 
 
Amit Kumar Sarangi 
Amitkumar.sarangi@tuni.fi 
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APPENDIX 2 

CONSENT FORM 
 
A study on collaboration in online games using gaze and mouse  

 
I have been asked to participate in the above-mentioned scientific study. I have received both 
verbal and written information about the study and had a chance to ask questions from the re-
searchers about the study. 
 
I understand that participation in the study is voluntary and that I have the right not to partici-
pate and the right to withdraw my consent at any given time without giving a reason. I also un-
derstand that all the collected information and data will be confidential. 
 

In Tampere, ____ . ____ . 2019 

 

I agree to participate in this study 
 
 
 
 
___________________________________ 
Participant’s signature 
 
 
___________________________________ 
Name in print 

 

Person receiving the consent 
 
 
 
 
___________________________________ 
Researcher’s signature 
 
 
___________________________________ 
Name in print 
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APPENDIX 3 

This form is for collecting background information for later analysis of the data. All infor-
mation is stored and managed anonymously and cannot be later linked to a specific 
participant. 
 
Age in full years: ___ 
 
 
Gender:           [  ] female [  ] male [  ] other 
 
 
 
Are your English skills B2 or superior (according to the European language frame-
work)? 
 
[  ] Yes  [  ] No  
 
 
Have you tried any gaze-based modalities previously? (yes/no) : ____________ 
 
 
How many years of experience do you have in mouse based online gaming? ___ 
 
 
 
Do you play mouse  
based games:   [  ] daily or almost daily  [  ] weekly [  ] more 
rarely than weekly 
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APPENDIX 4 

END QUESTIONNAIRE 
 
 
This form is for collecting information about the participant perception of the tasks per-
formed for later analysis of the data. All information is stored and managed anony-
mously and cannot be later linked to a specific participant. 
 
 
1. Which interaction method you prefer and why?  

 
____________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
 
 
2. How hard or easy it was to select a target as a gaze user? 

 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
 
 
3. How hard or easy it was it to shoot a target as mouse user? 

 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
 
 
 
4. The experiment was quite long and required efforts from participants. Do you con-
sider you were able to keep yourself as attentive and concentrated for the whole study? 

 
___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 
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COLLABORATION QUESTIONNAIRE 

 

Q1 I felt connected with my partner.  

Q2 I felt I was present with my partner.  

Q3 My partner was able to sense my presence.  

Q4 I enjoyed the experience.  

Q5 I was able to focus on the task activity.  

Q6 I am confident that we completed the task correctly.  

Q7 My partner and I worked together well.  

 

 

OTHER FEEDBACK 

___________________________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 

 


