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Abstract 

The eyes are a rich source of information for gathering context in our 

everyday lives. A userȭs gaze is postulated to be the best proxy for attention or 

intention. Using gaze information as a form of input can enable a computer system to 

gain more contextual information about the userȭs task, which in turn can be 

leveraged to design interfaces which are more intuitive and intelligent. Eye gaze 

tracking as a form of input was primarily developed for users who are unable to 

make normal use of a keyboard and pointing device. However, with the increasing 

accuracy and decreasing cost of eye gaze tracking systems it will soon be practical for 

able-bodied users to use gaze as a form of input in addition to keyboard and mouse. 

This dissertation explores how gaze information can be effectively used as an 

augmented input in addition to traditional input devices. 

The focus of this research is to augment rather than replace existing 

interaction techniques. Adding gaze information provides viable alternatives to 

traditional interaction techniques, which users may prefer to use depending upon 

their abilities, tasks and preferences. This dissertation presents a series of novel 

prototypes that explore the use of gaze as an augmented input to perform everyday 

computing tasks. In particular, it explores the use of gaze-based input for pointing 

and selection, scrolling and document navigation, application switching, password 

entry, zooming and other applications. It presents the results of user experiments 

which compare the gaze-augmented interaction techniques with traditional 

mechanisms and show that the resulting interaction is either comparable to or an 

improvement over existing input methods. These results show that it is indeed 

possible to devise novel interaction techniques that use gaze as a form of input 

without overloading the visual channel and while minimizing false activations. 



 v 

The dissertation also discusses some of the problems and challenges of using 

gaze information as a form of input and proposes solutions which, as discovered over 

the course of the research, can be used to mitigate these issues. Finally, it concludes 

with an analysis of technology and economic trends which make it likely for eye 

tracking systems to be produced at a low enough cost, that when combined with the 

right interaction techniques, they would create the environment necessary for gaze-

augmented input devices to become mass-market. 

The eyes are one of the most expressive features of the human body for non-

verbal, implicit communication. The design of interaction techniques which use gaze-

information to provide additional context and information to computing systems has 

the potential to improve traditional forms of human-computer interaction. This 

dissertation provides the first steps in that direction. 
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1 Introduction 

The eyes are a rich source of information for gathering context in our 

everyday lives. We use our eyes to determine who, what, or where in our daily 

communication. A userȭs gaze is postulated to be the best proxy for attention or 

intention [116] . Using eye-gaze information as a form of input can enable a computer 

system to gain more contextual information about the userȭs task, which in turn can 

be leveraged to design interfaces which are more intuitive and intelligent.  

Eye gaze tracking as a form of input was primarily developed for users who 

are unable to make normal use of a keyboard and pointing device. However, with the 

increasing accuracy and decreasing cost of eye gaze tracking systems it will soon be 

practical for able-bodied users to use gaze as a form of input in addition to keyboard 

and mouse ɀ provided the resulting interaction is an improvement over current 

techniques. This dissertation explores how gaze information can be effectively used 

as an augmented input in addition to traditional input devices. 

The focus of this research is to augment rather than replace existing 

interaction techniques. Adding gaze information provides viable alternatives to 

traditional interaction techniques, which users may prefer to use depending upon 

their abilities, tasks and preferences. This dissertation presents a series of novel 

prototypes that explore the use of gaze as an augmented input to perform everyday 

computing tasks. In particular, it explores the use of gaze-based input for pointing 

and selection, scrolling and document navigation, application switching, password 

entry, zooming and other applications. It presents the results of user experiments 

which compare the gaze-augmented interaction techniques with traditional 

mechanisms and show that the resulting interaction is either comparable to or an 
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improvement over existing input methods. These results show that it is indeed 

possible to devise novel interaction techniques that use gaze as a form of input 

without overloading the visual channel and whil e minimizing false activations. 

The dissertation also discusses some of the problems and challenges of using 

gaze information as a form of input and proposes solutions which, as discovered over 

the course of the research, can be used to mitigate these issues. Finally, it concludes 

with an analysis of technology and economic trends which make it likely for eye 

tracking systems to be produced at a low enough cost, that when combined with the 

right interaction techniques, they would create the environment necessary for gaze-

augmented input devices to become mass-market. 

The eyes are one of the most expressive features of the human body for non-

verbal, implicit communication. The design of interaction techniques which use gaze-

information to provide additional context and information to computing systems has 

 

Figure 1. Logo for the Gaze-enhanced User Interface Design (GUIDe) research project. 
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the potential to improve traditional forms of human-computer interaction. This 

dissertation provides the first steps in that direction. 

1.1 Thesis Statement 

The keyboard and mouse have long been the dominant forms of input. 

Contemporary computer systems are still plagued by the asymmetrical bandwidth 

problem [52] , where the bandwidth from the computer to the user is far greater than 

the bandwidth from the user to the computer. 

In this dissertation we build upon the insight presented by Jacob in [52]  to 

investigate the possibility of introducing the movements of a userȭs eyes as an 

additional input medium. We posit that gaze information, i.e. information about what 

the user is looking at, can be used as a practical form of input i.e. a way of 

communicating information from the user to the computer. The thesis statement of 

this work is: 

Ȱ'ÁÚÅ ÉÎÆÏÒÍÁÔÉÏÎ ÃÁÎ ÂÅ ÕÓÅÄ ÁÓ Á ÐÒÁÃÔÉÃÁÌ ÆÏÒÍ ÏÆ ÉÎÐÕÔȢȱ 

In this research, we explore the design space of interaction techniques that 

use gaze information for everyday computing tasks. While some of the interaction 

techniques presented have the potential to supplant traditional input devices such as 

the mouse (Chapter 3), our goal is not to replace traditional input devices but to 

provide viable alternatives which users may choose to use depending upon their 

tasks abilities and preferences. Other sections of this dissertation explore 

augmenting existing interaction techniques with  eye gaze. In particular, using gaze in 

conjunction with the keyboard and the mouse to design effective interaction 

techniques. 

We chose the realm of desktop interactions, since they are broadly applicable 

to all types of computer users. In addition, the technology for desktop eye tracking 

systems has improved sufficiently to make it a viable input modality. The cost of 

these systems remains an issue, but current technology and economic trends 

indicate that low cost eye tracking should be possible in the near future.  
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1.2 Contributions 

This dissertation presents a series of novel prototypes we built and 

experiments we conducted as a basis for the formulation of design guidelines for 

improv ing the usability and utility of gaze-based interaction techniques. The major 

contributions presented in this thesis are: 

Gaze-based interaction techniques : We present several novel interaction 

techniques which explore the use of gaze as an augmented input to perform 

everyday computing tasks. In particular, we explore the use of gaze-based input for 

pointing and selection, scrolling and document navigation, application switching, 

password entry, zooming and other applications. We present the results of user 

experiments which compare the gaze-based interaction techniques with traditional 

mechanisms and show that the resulting interaction is either comparable to or an 

improvement over existing input methods. These results show that it is indeed 

possible to devise novel interaction techniques that use gaze as a form of input 

without overloading the visual channel and while minimizing false activations. 

Technologies for gaze input: We discuss some of the problems and 

challenges of using gaze information as a form of input and propose solutions which, 

as discovered over the course of the research, can be used to mitigate these issues. In 

particular, we present techniques for filtering and smoothing gaze data, improving 

eye-hand coordination for gaze plus trigger activated interaction techniques and the 

providing focus points to help improve the accuracy of eye tracking and the user 

experience for using gaze-based interaction techniques. This dissertation also 

introduces some ideas for improving eye tracking technology and systems. 

Design guidelines for gaze-based interaction : Based on our experiences in 

designing, implementing, and evaluating gaze-based interaction techniques, we 

identify key design challenges for supporting effective gaze-based interaction. We 

formulate design guidelines relating to these challenge areas, including appropriate 

uses for gaze-based interaction. 
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1.3 Dissertation Roadmap 

The remainder of this dissertation is organized as follows: 

 In Chapter 2, we discuss the motivation for this work and provide 

some background information including the history of eye tracking, how state of the 

art eye trackers work and the challenges for using gaze as a form of input. 

 Chapters 3-8 present the gaze-based interaction techniques developed 

as part of this dissertation. Each chapter provides a self-contained section on using 

eyeɀgaze for a particular task. 

 Chapter 3, on pointing and selection, describes the design, evolution 

and evaluation of a new pointing technique which uses a combination of eye gaze 

and keyboard. 

 Chapter 4, on gaze-enhanced scrolling techniques, presents several 

different techniques for gaze-based scrolling including augmenting manual scrolling 

techniques with gaze information and automatic scrolling techniques, which control 

the onset and speed of scrolling based on the userȭs gaze and the use of off-screen 

targets for gaze-based document navigation and control. 

 Chapter 5, on application switching, describes the design and 

evaluation of a gaze-based technique for switching between applications. This 

technique extends Appleȭs concept of Exposé by using gaze-based selection of the 

desired application window rather than clicking on it with a mouse. 

 In Chapter 6, we discuss the use of a gaze-based password entry to 

reduce the risks of shoulder surfing. 

 Chapter 7, on zooming, presents the results of our attempts to 

implement gaze-contingent semantic zooming and explains why the obvious 

implementations of such a system fail to work. 

 Chapter 8 discusses a number of other smaller gaze-based 

applications, which have interesting uses, but are too small to merit a chapter for 

themselves. We also introduce new ideas for gaze-based interfaces in this section. 

 Chapter 9, on improving gaze input, discusses some of the challenges 

for using gaze-input and presents solutions to these challenges. In particular it 

presents a saccade detection and fixation smoothing algorithm, discusses approaches 
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to mitigate eye-hand coordination problems when using a combination of gaze plus 

trigger based input and discusses the use of focus points to help focus the users gaze 

and improve the user experience for gaze-based interaction. 

 In Chapter 10, we present a discussion on why current eye tracking 

systems are prohibitively expensive for mass-market use and propose technology 

and business model changes to enable the emergence of low-cost, mass-market eye 

trackers. We conclude with a summary of the design challenges for gaze input and a 

corresponding set of design guidelines which help to mitigate these challenges. 
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2 Background 

This chapter presents the background material and related work relevant to 

this dissertation. It specifically looks at the motivation behind our research, the 

history of eye tracking, current state of the art in eye tracking and the challenges for 

using gaze as a form of input. It should be noted that we do not present a detailed 

analysis of related work in this section. Related work that is relevant to each 

interaction technique is presented at the beginning of the corresponding chapter. 

2.1 Motivation 

Computers have become an integral component of our lives. Whether at 

work, home or anywhere in between, we spend increasing amounts of time with 

computers or computing devices. Computers have not been around for a very long 

time ɀ the origins of the Personal Computer can be traced back to the early 1980s 

when Xerox, IBM and Apple introduced their respective personal computers. 

However, even in this short time span increasing amounts of repetitive strain 

injuries (RSI) [7, 33] have emerged from overuse of the keyboard and mouse. 

Repetitive strain injuries develop over periods of long and continuous 

overuse often extending over several years. The surge in computer-related RSI 

amongst technology professionals has been recognized in recent years. As more and 

more professions adopt computers as a primary tool , the number of cases of 

repetitive strain injuries is expected to increase dramatically. While the keyboard 

and mouse both contribute to computer-related RSI, most people suffering from RSI 

find that mouse use causes more strain and pain than using the keyboard [86]  

(Figure 2). 
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Figure 2. Tendonitis: a form of repetitive strain injury (RSI) caused by excessive use of 
the keyboard and particularly the mouse. 

This impending epidemic of computer-related repetitive strain injuries 

coupled with the authorȭs personal desire to develop new forms of interaction which 

would help to alleviate some of the stress and pain of RSI became one of the key 

motivators for exploring alternative forms of input for computer systems. 

Alternative input modalities such as speech, which do not rely solely on the 

use of the hands, have been in use for a long time. However, while speech recognition 

may be suitable for some tasks, it is not a silver bullet for all tasks. In particular, 

using speech for a pointing task does not provide provides users with much useful 

functionality [85] . In addition, the accuracy, privacy, and social issues surrounding 

the use of speech interfaces make them less than optimal for use in everyday 

computing scenarios. 

For our research, we chose to investigate the possibility of using a more 

subtle form of input ɂ eye gaze. 

2.2 Gaze as a Form of Input 

Jacob [53]  and Zhai [116]  present an overview of why one would want to use 

eye movements for interactive input. We synthesize some of their comments in the 

list below: 

¶ The eyes are a fast, convenient, high bandwidth source of information. 

Eye movements have been shown to be very fast and very precise. 
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¶ The eyes require no training ɀ it is natural for the users to look at the 

object of interest. In other words, the control-display relationship is 

already well established in the brain. 

¶ A userȭs eye gaze serves as an effective proxy for his or her attention 

and intention. Since we typically look at what we are interested in or 

look before we perform an action, eye gaze is the best non-invasive 

indicator for our attention and intention. In fact the problem of lack of 

eye-contact in video conferencing [29]  shows just how much humans 

perceive by observing the eyes of others. 

¶ The eyes provide the context within which our actions take place.  

¶ The eyes and the hands work well in coordination. 

 

Jacob in his 1990 paper What You Look at Is What you Get [52]  introduced 

several gaze-based interaction techniques for object selection, continuous attribute 

display, moving an object, eye controlled scrolling text, menu commands and listener 

window. In this paper Jacob states that Ȱ×ÈÁÔ ÉÓ ÎÅÅÄÅÄ ÉÓ ÁÐÐÒÏÐÒÉÁÔÅ ÉÎÔÅÒÁÃÔÉÏÎ 

techniques that incorporate eye movements into the user-computer dialog in a 

ÃÏÎÖÅÎÉÅÎÔ ÁÎÄ ÎÁÔÕÒÁÌ ×ÁÙȢȱ In a later paper, in 2000, Sibert and Jacob [98]  conclude 

that: Ȱ%ÙÅ ÇÁÚÅ-interaction is a useful source of additional input and should be 

ÃÏÎÓÉÄÅÒÅÄ ×ÈÅÎ ÄÅÓÉÇÎÉÎÇ ÉÎÔÅÒÆÁÃÅÓ ÉÎ ÔÈÅ ÆÕÔÕÒÅȢȱ Jacobȭs seminal work in eye 

tracking laid the foundation for this research on the use of gaze as a form of input. 

In his paper on MAGIC pointing [118]  :ÈÁÉ ÓÔÁÔÅÓ ÔÈÁÔ Ȱto load the visual 

perception channel with a motor control task seems fundamentally at odds with usersȭ 

natural mental model in which the eye searches for and takes in information and the 

hand produces outpuÔ ÔÈÁÔ ÍÁÎÉÐÕÌÁÔÅÓ ÅØÔÅÒÎÁÌ ÏÂÊÅÃÔÓȢȱ By his statement Zhai 

affirms that the eyes should be used for the purpose of looking and should not be 

overloaded with the unnatural task of doing actions, since that is counter to the 

evolutionary function of the eyes. By contrast, the hands are meant for performing 

actions. Zhai goes on to state that: Ȱ/ÔÈÅÒ ÔÈÁÎ ÆÏÒ ÄÉÓÁÂÌÅÄ ÕÓÅÒÓȟ ×ÈÏ ÈÁÖÅ ÎÏ 

alternative, using eye gaze for practical pointing does not appear to be very 

ÐÒÏÍÉÓÉÎÇȢȱ Zhai et al. address this challenge with their MAGIC techniques, which use 
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a conventional input device within the small area of the eye-gaze to accomplish 

pointing. We wanted to extend this approach of using gaze in conjunction with 

conventional input devices and determine if it is possible to devise other practical 

gaze-based interaction techniques by focusing on interaction design. 

For our research we chose to investigate how gaze-based interaction can be 

made simple, accurate, and fast enough to not only allow disabled users to use it for 

standard computing applications, but also make the threshold of use low enough that 

able-bodied users will actually prefer to use gaze-based interaction to traditional 

input techniques. 

2.3 History of Eye Tracking 

The history of eye tracking can be traced as far back as the late 19th century 

and early 20th century [115] . Javal used direct visual observation to track eye 

movements in 1879. Ohm used mechanical techniques to track eye movements by 

attaching a pencil at the end of a long lever which was positioned on the cornea such 

that each time the eye moved the pencil would make a mark. The first recorded effort 

for eye tracking using a reflected beam of light was done by Dodge and Cline in 1901. 

Marx and Trendelenburg used a mirror attached to the eye to view the reflected 

beam of light. Judd, McAllister and Steel used motion picture photography for eye 

tracking as far back as 1905. They inserted a white speck into the eye which was 

then tracked in the motion picture recording of the eye. 

Buswell [26]  used eye tracking studies to examine how people look at 

pictures. Yarbus [115]  in his pioneering work in the fifties used suction caps attached 

to the eye to measure eye movements. Yarbus shows several different designs of 

suction caps in his book and his work laid the foundation for the research in the field 

of eye movements. 

Figure 3 shows a scleral coil contact lens which was inserted in the eye of the 

subject. The scleral contact lens contains an induction coil embedded in the 

periphery of the lens. The subjectȭs head is kept stationary inside a magnetic cage. 

The changes in the magnetic field are then used to measure the subjectȭs eye 

movements. 
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Figure 3. A scleral coil contact lens 
being inserted into a subjectΩs eye. 

 

Figure 5. SRI Dual Purkinje Eye Tracker uses 
corneal reflections to track eye movements. 

 

Figure 6. A head mounted eye tracker 
which fixes the position of the camera 
relative to the motion of the head. 

Figure 4 shows a picture of a subject whose eyes are being tracked using 

electro-oculography (EOG) which measures the potential difference between 

muscles of the eye. 

The approaches to eye tracking have evolved significantly over the years. 

Fortunately, eye trackers today have become less invasive that their predecessors. 

Corneal reflection eye tracking was first introduced by the Dual Purkinje Eye Tracker 

developed at the Stanford Research Institute. This eye tracker used the reflection of 

light sources on the cornea as a frame of reference for the movement of the pupil. 

Figure 5 shows an image of a subject using the SRI eye tracker. It should be noted that 

this unit required the subjectȭs head to be held stationary.  

Head mounted eye trackers have been developed to fix the frame of reference 

for the eyes relative to the motion of the head (Figure 6). Some head mounted eye 

 

Figure 4. Electro-oculography (EOG) 
approach for eye tracking measures the 
potential difference between eye muscles. 
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Figure 7. IBM BlueEyes Project 
prototype eye tracker which uses 
infra-red illumination. 

 

Figure 8. The Tobii 1750 eye tracker. 

trackers provide higher accuracy and frame rate than remote eye trackers since they 

are able to get a close up image of the eye by virtue of using the head mounted 

camera.  

The BlueEyes project [4]  at IBM Almaden developed remote video based eye 

trackers which used infra-red illumination as shown in Figure 7. Several commercial 

systems [67, 107, 108] have now been developed which use a similar approach for 

eye tracking and provide non-encumbering, remote, video-based eye tracking 

(Figure 8).  

2.4 State of the Art in Eye Tracking 

The state of the art systems for desktop eye tracking use remote video based 

eye tracking as described above. Unlike their historical counterparts, these eye 

trackers allow for some range of free head movement, do not require the user to use 

a chin-rest or bite bar or to be tethered to the eye tracker in any way. These systems 

work by measuring the motion of the center of the pupil relative to the position of 

one or more glints or reflection of infra-red light sources on the cornea. These 

systems ÐÒÏÖÉÄÅ ÁÎ ÁÃÃÕÒÁÃÙ ÏÆ ÁÂÏÕÔ πȢυȍ - ρȍ ÏÆ ÖÉÓÕÁÌ ÁÎÇÌÅȢ 7ÈÉÌÅ ÓÏÍÅ ÓÙÓÔÅÍÓ 
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Figure 9. Trace of eye movements when subjects are asked to follow the lines of the 
figures as smoothly as possible. Source: Yarbus, 1967. 

boast frame rates as high as 1000 Hz, most commercially available systems provide a 

frame rate of about 50 Hz.  

For our research we use a Tobii 1750 eye tracker shown in Figure 8. This unit 

costs approximately $30,000, however, based on current technology and economic 

trends it is conceivable to have a similar unit incorporated into everyday computing 

devices. 

2.5 Challenges for Gaze Input 

The eyes are fast, require no training and eye gaze provides context for our 

actions [36, 52, 53, 116]. Therefore, using eye gaze as a form of input is a logical 

choice. However, using gaze input has proven to be challenging for three major 

reasons. 

2.5.1 Eye Movements are Noisy 

As noted by Yarbus [115] , eye movements are inherently noisy. The two main 

forms of eye movements are fixations and saccades. Fixations occur when a subject is 

looking at a point. A saccade is a ballistic movement of the eye when the gaze moves 

from one point to another. Yarbus, in his pioneering work in the 1960ȭs, discovered 

that eye movements are a combination of fixations and saccades even when the 
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Figure 10. Fixation jitter due to drifts, tremors and 
involuntary micro-saccades, Source: Yarbus, 1967. 

 

Figure 11. Confidence interval of eye tracker 
ŀŎŎǳǊŀŎȅΦ LƴƴŜǊ ŎƛǊŎƭŜ ƛǎ лΦрɕΦ hǳǘŜǊ ŎƛǊŎƭŜ ƛǎ мΦлɕΦ 

subjects are asked to follow the 

outlines of geometrical figures 

as smoothly as possible (Figure 

9). 

Yarbus, also points out 

that while fixations may appear 

to be dots in Figure 9, in reality, 

the eyes are not stable even 

during fixations due to drifts, 

tremors and involuntary micro-

saccades (Figure 10).  

2.5.2 Eye Tracker Accuracy 

Modern day eye 

trackers, especially remote video based eye trackers, claim to be accurate to about 

πȢυȍ - ρȍ ÏÆ ÖÉÓÕÁÌ ÁÎÇÌÅȢ 4ÈÉÓ ÃÏÒÒÅÓÐÏÎÄÓ ÔÏ Á ÓÐÒÅÁÄ ÏÆ ÁÂÏÕÔ ρφ-33 pixels on a 

1280x1024, 96 dpi screen viewed at a normal viewing distance of about 50 cm [13, 

107]. In practice this implies that the confidence interval for a point target can have a 

spread of a circle of up to 66 pixels in diameter (Figure 11), since if the user is 

looking at a point (1x1 pixel) target, the reading from the eye tracker can be off by up 

to 33 pixels in any direction. In addition, current eye trackers require calibration 

(though some require only a one-time calibration). The accuracy of the eye-tracking 

data usually deteriorates due to 

a drift effect caused by changes 

in eye characteristics over time 

[105]Ȣ 5ÓÅÒÓȭ ÅÙÅÓ ÍÁÙ ÂÅÃÏÍÅ 

drier after viewing information 

on a screen several minutes. 

This can change the shape and 

the reflective characteristics of 

the eyes. Usersȭ posture also 
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changes over time as they begin to slouch or lean after some minutes of sitting. This 

results in the position/angle of their head changing. The accuracy of an eye tracker is 

higher in the center of the field of view of the camera. Consequently, the tracking is 

most accurate for targets at the center of the screen and decreases for targets that 

are located at the periphery of the screen [20] . While most eye trackers claim to 

work with eye glasses, we have observed a noticeable deterioration in tracking 

ability when the lenses are extra thick or reflective. 

Current eye trackers are capable of generating data at 50Hz to 1000Hz 

depending upon the device and the application. However, eye trackers also introduce 

latency since they need computing cycles to processing data from the camera and 

compute the current position of the userȭs eye gaze. The Tobii eye tracker used in our 

research has a maximum latency of 35 ms. 

2.5.3 The Midas Touch Problem 

Mouse and keyboard actions are deliberate acts which do not require 

disambiguation. The eyes, however, are a perceptual organ meant for looking and are 

an always-on device [53]. It is therefore necessary to distinguish between visual 

search/scanning eye movements and eye movements for performing actions such as 

ÐÏÉÎÔÉÎÇ ÏÒ ÓÅÌÅÃÔÉÏÎȢ 4ÈÉÓ ÅÆÆÅÃÔ ÉÓ ÃÏÍÍÏÎÌÙ ÒÅÆÅÒÒÅÄ ÔÏ ÁÓ ÔÈÅ Ȱ-ÉÄÁÓ 4ÏÕÃÈȱ 

problem [52] . 

Even if the noise from eye movements could be compensated for and if the 

eye trackers were perfectly accurate, the Midas Touch problem would still be a 

concern. This challenge for gaze as a form of input necessitates good interaction 

design to minimize false activations and to disambiguate the userȭs intention from 

his or her attention. 

2.6 Summary 

This chapter discussed the motivation for using gaze as a form of input, 

provided a historical background of eye tracking and introduced the current state of 

the art in eye tracking. While using gaze as a form of input is appealing, the 

challenges of interpreting noisy eye movements, eye tracker accuracy issues and the 
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Midas Touch problem must be addressed. In the following chapters of this 

dissertation we present several gaze-based interaction techniques for everyday 

computing tasks. 
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Portions of this chapter were originally published by the author, Andreas Paepcke and Terry Winograd 
in [61] and by the author and Terry Winograd in [63]. 

 

3 Pointing and Selection 

We began our research by observing how able-bodied users use the mouse 

for pointing and selection in everyday computing tasks. While there are large 

individual differences in how people interact with the computer, nearly everyone 

used the mouse rather than the keyboard to select links while web browsing. Other 

tasks for which people used the mouse included launching applications either from 

the desktop or the start menu, navigating through folders, minimizing, maximizing 

and closing applications, moving windows, positioning the cursor when editing text, 

opening context-sensitive menus and hovering over buttons/regions to activate 

tooltips. 

The basic mouse operations being performed to accomplish the above actions 

are the well-known single-click, double-click, right-click, mouse-over, and click-and-

drag. Ideally a gaze-based pointing technique should support all of the above 

fundamental operations. 

It is important to note that our aim is not to replace or beat the mouse. Our 

intent is to design an effective gaze-based pointing technique which can be a viable 

alternative for users who choose not to use a mouse depending on their abilities, 

tasks, or preferences. Such a technique need not necessarily outperform the mouse 

but must perform well enough to merit consideration (such as other alternatives like 

the trackball, touchpad, or trackpoint).  
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3.1 Related Work 

Considerable prior research [13, 23, 38, 40, 52, 66, 74, 96, 114, 118] has been 

done to implement gaze-based pointing techniques. However, a practical technique 

for pointing and selection is still an open problem. The commonly accepted approach 

to using gaze-based pointing and selection relies on the use of large targets in custom 

applications [52, 67, 106]. Other approaches have used speech [74] , keyboard [23]  

and mouse [118]  for doing target refinement; used zoomed views [13, 66] or 

leveraged semantic information [96]  about the location of potential targets to 

improve gaze-based pointing. We discuss each of these in more detail below. It 

should be noted that we chose not to leverage semantic information in our work 

since we wanted to have a general purpose pointing technique that does not rely on 

any additional information from the application or the operating system. 

Jacob [52]  introduces gaze-based interaction techniques for object selection, 

continuous attribute display, moving an object, eye-controlled scrolling text, menu 

commands and listener window. This work laid the foundation for eye-based 

interaction techniques. It introduced key-based and dwell-based activation, gaze-

based hot-spots, and gaze-based context-awareness for the first time. Issues of eye 

tracker accuracy were 

overcome by having 

sufficiently large targets in 

custom applications. 

Zhai et al. [118]  

presented the first gaze-

enhanced pointing technique 

that used gaze as an 

augmented input. In MAGIC 

pointing, the cursor is 

automatically warped to the 

vicinity of the region in which 

the user is looking. The 

 

Figure 12Φ ½Ƙŀƛ Ŝǘ ŀƭΦΩǎ ƛƭƭǳǎǘǊation of the MAGIC 
pointing technique. 


