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The eyes are a rich source of information for gathering context in our everyday lives. Using eye-gaze 
information as a form of input can enable a computer system to gain more contextual information about the 
user's task, which in turn can be leveraged to design interfaces which are more intuitive and intelligent. 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. Our research explores how gaze 
information can be effectively used as an augmented input in addition to traditional input devices. 
 
We present several novel prototypes that explore the use of gaze as an augmented input to perform everyday 
computing tasks. In particular we explore the use of gaze for pointing and selection, scrolling, application 
switching and password entry. We present 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 while minimizing false activations and without 
overloading the visual channel. We also 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. 
 
Categories and Subject Descriptors: H5.2. [Information Interfaces and Presentation]: User Interfaces-Input 
devices and strategies, H5.2. [Information Interfaces and Presentation]: User Interfaces-Windowing 
Systems, H5.m. [Information interfaces and Presentation]: Miscellaneous. 
General Terms: Human Factors, Algorithms, Performance, Design 
Additional Key Words and Phrases: Eye tracking, Gaze input, Gaze-enhanced User Interface Design, GUIDe, 
Pointing and Selection, Eye Pointing, Application Switching, Automatic Scrolling, Scrolling, Saccade 
detection, Fixation smoothing, Eye-hand coordination, Focus points. 
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1. INTRODUCTION 

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

lives. We look at the eyes in order to determine who, what, or where in our daily 

communication. A user's gaze is postulated to be the best proxy for attention or intention 

[38]. Using eye-gaze information as a form of input can enable a computer system to gain 

more contextual information about the user's 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. Our research explores how gaze information can be effectively used as an 

augmented input in addition to traditional input devices. 

The focus of our research is to augment rather than replace existing interaction 

techniques. We present several novel prototypes that explore the use of gaze as an 

augmented input to perform everyday computing tasks. In particular, we explore the use 

of gaze for pointing and selection, scrolling, application switching and password entry. 

We present 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 while minimizing false activations and without overloading the visual 

channel. We also 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.  

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

verbal, implicit communication. Interaction techniques which can use gaze-information 

to provide additional context and information to computing systems have the potential to 

improve traditional forms of human-computer interaction. Our research provides the first 

steps in that direction. 

 

2. CHALLENGES FOR GAZE INPUT 

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

actions [9, 13, 14, 38]. 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. 

Eye Movements are Noisy 

As noted by Yarbus [37], 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 60’s, discovered that eye 

movements are a combination of fixations and saccades even when the subjects are asked 

to follow the outlines of geometrical figures as smoothly as possible (Figure 1).  



Figure 2. Fixation jitter due to drifts, tremors 
and involuntary micro-saccades, Source: 
Yarbus, 1967 

Yarbus also points out that while fixations may appear to be dots in Figure 1, in 

reality the eyes are not stable even during fixations due to drifts, tremors and involuntary 

micro-saccades (Figure 2).  

Eye Tracker Accuracy 

 Current eye trackers, especially remote video based eye trackers, claim to be 

accurate to about 0.5˚ - 1˚ of visual angle1. This corresponds to a spread of about 16-33 

pixels on a 1280x1024, 96 dpi screen viewed at a normal viewing distance of about 50 

cm [2, 34]. 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 3). In addition, current eye 

trackers require calibration 

(though some require only a one-

time calibration). The accuracy of 

the eye-tracking data usually 

deteriorates over time due to a 

drift effect caused by changes in 

eye characteristics over time [33]. 

Users’ posture also changes over 

time as they begin to slouch or 

lean after some minutes of sitting. 

This results in the position or 

angle of their head changing. The 

                                                           
1 Tobii has recently announced an eye tracker that claims an accuracy of 0.25˚, but we have not 
been able to test this unit as of the time of writing of this manuscript. 

  
Figure 1. Trace of eye movements when subjects are asked to follow the lines of the 
figures as smoothly as possible. Source: Yarbus, 1967. 



 
Figure 3. Confidence interval of 
eye tracker accuracy. Inner circle 
is 0.5˚. Outer circle is 1.0˚. 

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 [3]. 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. 

 Eye Trackers also introduce a sensor lag of about 5-33ms for processing of the 

data and to determine the current position of the user’s gaze. The Tobii eye tracker used 

in our research claims to have a latency of 35ms. 

The Midas Touch Problem 

Mouse and keyboard actions are deliberate acts which do not require 

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

an always-on device [14]. It is therefore necessary to distinguish between involuntary or 

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

as pointing or selection. This effect is commonly referred to as the “Midas Touch 

problem” [13]. 

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

trackers were perfectly accurate, the Midas Touch problem would still be a concern. This 

challenge for gaze as a form of input requires good interaction design to minimize false 

activations and to disambiguate the users intention from his or her attention. 

 

3. GAZE-BASED INTERACTION TECHNIQUES 

The Gaze-enhanced User Interface Design project in the HCI Group at Stanford 

University explores how gaze information can be used as a practical form of input. We 

have developed several novel interaction techniques which use gaze in addition to 

existing input modalities such as keyboard and mouse. We present here our work on 

gaze-based pointing and selection [19] and gaze-enhanced scrolling techniques. We will 

also briefly touch upon our work in application switching [18], password entry [17], 

zooming and various gaze-based utilities. However, a detailed discussion of the latter 

ideas is beyond the scope of this article. Additional papers and information on our 

research can be found on the project website [16]. 

 

 



4. POINTING AND SELECTION 

We began our research by conducting a contextual inquiry into 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 click on links while surfing the 

Web.  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. For a gaze-based pointing technique to be truly useful, it should support all of the 

above fundamental pointing 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, 

trackpad or trackpoint). 

RELATED WORK 

Jacob [13] 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. [40] 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 at. The MAGIC approach leverages 

Fitts’ Law by reducing the distance that the cursor needs to travel. Though MAGIC uses 

gaze as an augmented input, pointing is still accomplished using the mouse. 

Salvucci and Anderson [31] also use gaze as an augmented input in their work 

and emphasize that all normal input device functionality is maintained. Their system 

incorporates a probabilistic model of user behavior to overcome the issues of eye tracker 



accuracy and to assist in determining user intent. Furthermore, Salvucci and Anderson 

prefer the use of gaze button based activation as opposed to dwell-based activation. The 

probabilistic model relies on the use of semantic information provided by the underlying 

operating system or application about click target locations and hence is not conducive to 

general use on commercially available operating systems and applications. 

Yamato et al. [36] also propose an augmented approach, in which gaze is used to 

position the cursor, but clicking is still performed using the mouse button. Their approach 

used automatic and manual adjustment modes. However, the paper claims that manual 

adjustment with the mouse was the only viable approach, rendering their technique 

similar to MAGIC, with no additional advantages. 

Lankford [21] proposes a dwell-based technique for pointing and selection. The 

target provides visual feedback when the user’s gaze is directed at it. The user has the 

ability to abort activation by looking away before the dwell period expires. Lankford also 

uses zooming to overcome eye tracker accuracy measures. The approach requires one 

dwell to activate the zoom (which always appears in the center of the screen) and an 

additional dwell to select the target region and bring up a palette with different mouse 

action options. A third dwell on the desired action is required to perform the action. This 

approach does implement all the standard mouse actions and while it is closest to our 

technique (described below), the number of discrete steps required to achieve a single 

selection and the delays due to dwell-based activation make it unappealing to able-bodied 

users. By contrast, our approach innovates on the interaction techniques to make the 

interaction fluid and simple for all users. 

Follow-on work to MAGIC at IBM [10] proposes a technique that addresses the 

other dimension of Fitts’ Law, namely target size. In this approach the region 

surrounding the target is expanded based on the user’s gaze point to make it easier to 

acquire with the mouse. In another system [4], semantic information is used to 

predictively select the most likely target with error-correction and refinement done using 

cursor keys. 

Ashmore and Duchowski et al. [2] present an approach using a fish-eye lens to 

magnify the region the user is looking at to facilitate gaze-based target selection by 

making the target bigger. They compare approaches in which the fish-eye lens is either 

non-existent, slaved to the eye movements, or dynamically appearing. The use of a fish-

eye lens for magnification is debatable. As stated in their paper, the visual distortion 

introduced by a fish-eye view is not only confusing to users but also creates an apparent 



motion of objects within the lens’ field of view in a direction opposite to that of the lens’ 

motion. 

Fono and Vertegaal [11] also use eye input with key activation. They show that 

key activation was preferred by users over automatic activation. 

Finally, Miniotas et al. [25] present a speech-augmented eye-gaze interaction 

technique in which target refinement after dwell based activation is performed by the user 

verbally announcing the color of the correct target. This again requires semantic 

information and creates an unnatural interaction in which the user is correcting selection 

errors using speech.  

EyePoint 

Our system, EyePoint, uses a two-step progressive refinement process fluidly 

stitched together in a look-press-look-release action (Figure 4). This makes it possible to 

compensate for the accuracy limitations of current state-of-the-art eye trackers. Our 

approach allows users to achieve accurate pointing and selection without having to rely 

on a mouse. 

EyePoint requires a one-time calibration. In our case, the calibration is 

performed using the APIs provided in the Software Development Kit for the Tobii 1750 

Eye Tracker [34]. The calibration is saved for each user and re-calibration is only 

required in case there are extreme variations in lighting conditions or the user’s position 

in front of the eye tracker. 

To use EyePoint, the user simply looks at the desired target on the screen and 

presses a hotkey for the desired action - single click, double click, right click, mouse 

over, or start click-and-drag. EyePoint brings up a magnified view of the region the user 

was looking at. The user looks at the target again in the magnified view and releases the 

hotkey. This results in the appropriate action being performed on the target (Figure 4). 

To abort an action the user can look away or anywhere outside of the zoomed 

region and release the hotkey, or press the Esc key on the keyboard. 

 
Figure 4. Using EyePoint - progressive refinement of target using look-press-look-
release action. The user first looks at the desired target. Pressing and holding down a 
hotkey brings up a magnified view of the region the user was looking in. The user then
looks again at the target in the magnified view and releases the hotkey to perform the
mouse action. 



 
Figure 5. Focus points - a grid of orange dots 
overlaid on the magnified view helps users 
focus their gaze.

The region around the 

user’s initial gaze point is presented 

in the magnified view with a grid of 

orange dots overlaid (Figure 5). 

These orange dots are called focus 

points and aid in focusing the user’s 

gaze at a point within the target. This 

mechanism helps with more fine-

grained selections. Further detail on 

focus points is provided in the 

following section. 

Single click, double click 

and right click actions are performed as soon as the user releases the key. Click and drag, 

however, is a two-step interaction. The user first selects the starting point for the click 

and drag with one hotkey and then the destination with another hotkey. While this does 

not provide the same interactive feedback as click-and-drag with a mouse, we preferred 

this approach over slaving movement to the user’s eye-gaze, based on the design 

principles discussed below. 

Design Principles 

We agreed with Zhai [25] that overloading the visual channel for a motor 

control task is undesirable. We therefore resolved to push the envelope on the interaction 

design to determine if there was a way to use eye gaze for practical pointing without 

overloading the visual channel for motor control. 

Another basic realization was from Fitts’ law - that providing larger targets 

improves the speed and accuracy of pointing. Therefore, to use eye gaze for pointing it 

would be ideal if all the targets were large enough to not be affected by the accuracy 

limitations of eye trackers and the jitter inherent in eye gaze tracking. A similar rationale 

was adopted in [10].  

As recognized in prior work [2, 11, 21, 24, 39] zooming and magnification help 

to increase accuracy in pointing and selection. We sought ways in which zooming and 

magnification could be used in a unobtrusive way that would seem natural to users and 

unlike [2], would not cause any visual distortion of their context. 

As previously stated, our goal was to devise an interaction technique that would 

be universally applicable – for disabled users as well as able-bodied users.  



We concluded that it is important to a) avoid slaving any of the interaction 

directly to eye movements (i.e. not overload the visual channel for pointing), b) use 

zooming/ magnification in order to overcome eye tracker accuracy issues c) use a fixation 

detection and smoothing algorithm in order to reduce tracking jitter and d) provide a fluid 

activation mechanism that is fast enough to make it appealing for able-bodied users and 

simple enough for disabled users. 

EyePoint Implementation 

The eye tracker constantly tracks the user’s eye- movements2. A modified 

version of Salvucci’s Dispersion Threshold Identification fixation detection algorithm 

[32] is used along with our own smoothing algorithm to help filter the gaze data. When 

the user presses and holds one of four action specific hotkeys on the keyboard, the system 

uses the key press as a trigger to perform a screen capture in a confidence interval around 

the user’s current eye-gaze. The default settings use a confidence interval of 120 pixels 

square (60 pixels in all four directions from the estimated gaze point). The system then 

applies a magnification factor (default 4x) to the captured region of the screen. The 

resulting image is shown to the user at a location centered at the previously estimated 

gaze point, but offset close to screen boundaries to keep the magnified view fully visible 

on the screen. 

The user then looks at the desired target in the magnified view and releases the 

hotkey. The user’s gaze position is recorded when the hotkey is released. Since the view 

has been magnified, the resulting gaze position is more accurate by a factor equal to the 

magnification. A transform is applied to determine the location of the desired target in 

screen coordinates. The cursor is then moved to this location and the action 

corresponding to the hotkey (single click, double click, right click etc.) is executed. 

EyePoint therefore uses a secondary gaze point in the magnified view to refine the 

location of the target. 

The user has to perform a secondary visual search to refocus on the target in the 

magnified view necessitating one or more saccades in order to locate the target in the 

magnified view. To facilitate the secondary visual search we added animation to the 

magnified view such that it appears to emerge from the initially estimated gaze point. 

Our pilot studies also showed that though some users would be looking at the 

target in the magnified view, the gaze data from their fixation was still noisy. We found 

that this occurred when the user was looking at the target as a whole (a gestalt view) 

                                                           
2 If the eye tracker were fast enough, it would be possible to begin tracking only when the hotkey is pressed. 



 
Figure 6. EyePoint Configuration Screen 

rather than focusing at a point 

within the target. Focusing at a 

point reduced the jitter and 

improved the accuracy of the 

system. This led to the 

introduction of focus points in 

the design – a grid pattern of 

dots overlaid on the magnified 

view. Focus points assist the 

user in making more fine 

grained selections by focusing 

the user’s gaze. In most cases, the focus points may be ignored by the user, however, they 

may be useful when the user wants to select a small target (Figure 5).  

Some users in our pilot study wondered whether it would be useful to give 

feedback on what the system thought they were looking at. While this went strongly 

against our primary design principle of not slaving any visual feedback to eye 

movements, we implemented an option (Gaze Marker) to show the current gaze point as 

a blue dot in the magnified view. When the same users tried the system with the gaze 

marker turned on, they quickly concluded that it was distracting. The time to acquire 

targets increased, since they were now trying to get the gaze marker in precisely the right 

position before releasing the hotkey (which is unnecessary since the magnification allows 

some room for error). As a result, we turned off the gaze marker by default, but decided 

to test it further in our evaluation. 

We chose to use the keys on the numeric keypad of an extended keyboard as the 

default hotkeys for EyePoint (Figure 4 Press) since they are not frequently used, are on 

the right hand side of the keyboard (close to the typical location for a mouse), and 

provide much bigger keys. The ideal placement for EyePoint hotkeys would allow the 

user’s hands to always remain in the home position on the keyboard, perhaps by having 

dedicated buttons directly below the spacebar. Eye Point allows users to customize 

several options such as the selection of hotkeys, settings for the confidence interval, the 

magnification factor, the number of animation steps and the animation delay. The 

EyePoint configuration screen is shown in Figure 6. 

Disabled & Able-bodied Users 

EyePoint is designed to work equally well for disabled users and able-bodied 

users. The hotkey-based triggering mechanism makes it simple for able-bodied users to 



keep their hands on the keyboard to perform most pointing and selection operations. For 

laptop users we have considered using gestures on a trackpad where touching different 

parts of the trackpad would activate different mouse actions.  

For disabled users the EyePoint hotkeys could be mapped to alternative 

triggering devices such as foot-pedals, speech, gestures or even mouth-tube based 

(breathe in to activate, breathe out to release) triggers. We hypothesize that these will be 

more effective than dwell-based activation, but have not performed tests. Dwell based 

activation is also possible in cases where the user does not have the ability to use any 

alternative approaches. In this case we would propose an approach similar to [21], but 

with off-screen targets to first select the action/mode, followed by dwell based activation 

(with audio feedback [23]) of the magnified view. 

EVALUATION 

We conducted user studies with 20 able-bodied subjects. Subjects were graduate 

students and professionals and were therefore experienced computer users with an 

average of 15 years of experience with the mouse. Our subject pool had 13 males and 7 

females with an average age of 28 years. Fourteen subjects did not require any vision 

correction, 4 subjects used contact lenses and 2 wore eyeglasses. None of the subjects 

were colorblind. Sixteen subjects reported that they were touch-typists. None of the 

subjects had prior experience using an eye tracker. 

We conducted both a quantitative and qualitative evaluation. The quantitative 

task compared the speed and accuracy of three variations of EyePoint with that of a 

standard mouse. The three variations of EyePoint were: a) EyePoint with focus points b) 

EyePoint with Gaze Marker and c) EyePoint without focus points. Since the subjective 

user experience is also a key measure of the success and impacts adoption, our qualitative 

evaluation included the user’s subjective feedback on using gaze-based pointing. 

Consistent with Norman’s views in Emotional Design  [27], we believe that speed and 

accuracy must meet certain thresholds. Once that threshold is met, user preference may 

be dictated by other factors such as the subjective experience or alternative utility of the 

technique.   

Quantitative Evaluation 

We tested speed and accuracy using three independent experiments: a) a real-

world web browsing task b) a synthetic pointing only task and c) a mixed typing and 

pointing task. The orders of both the tasks and the techniques were varied to 

counterbalance and minimize any learning effects. Subjects were first calibrated on the 

eye tracker and then underwent a 5-10 minute training phase in which they were taught 



Figure 8. EyePoint real-world web-surfing task. The 
music link in the navigation column on the left has 
been highlighted in orange. 

Figure 7. EyePoint training/test application (used for 
Balloon Study). This screenshot shows the magnified 
view with focus points. 

how to use EyePoint. Subjects 

practiced by clicking on links 

in a web browser and also 

performed 60 clicks in the 

EyePoint training application 

(Figure 7). Studies lasted a 

total of 1 hour and included 

one additional task reported in 

a separate paper [18]. The 

spacebar key was used as the 

trigger key for all three 

EyePoint variations. 

Animation of the magnified view was disabled as it would introduce an additional delay 

(user configurable, but generally about 60-100ms). 

Web Study 

For a real-world pointing and selection task we asked users to navigate through 

a series of web pages. The pages were taken from popular websites such as Yahoo, 

Google, MSN, Amazon, etc. To normalize effects of time for visual search and distance 

from the target, we disabled all links on the page and highlighted exactly one link on each 

page with a conspicuous orange highlight (Figure 8). 

Users were instructed to ignore the content of the page and simply click on the 

highlighted link. Each time they clicked on the link a new web page appeared with 

another highlighted link. The amount of time between presentation of a page and the 

click was measured. A 

misplaced click was recorded 

as an error. Trials were 

repeated in case of an error. 

Each subject was shown 30 

web pages. The task was 

repeated with the same set of 

pages for all four pointing 

techniques, with ordering 

counterbalanced. 



Figure 9. Mixed task study for pointing and typing. 
When the user clicks on the red balloon, a textbox 
appears below it. The user must type in the word 
shown above the textbox. 

Balloon Study 

For a synthetic task that tested raw pointing speed, we built a custom application 

that displayed a red balloon on the screen. The user’s task was to click on the balloon. 

Each time the balloon was clicked, it moved to a new location (Figure 7). If the user 

clicked, but did not hit the balloon, this was recorded as an error and the trial was 

repeated. Users were instructed to click on the balloon as quickly as they could. The 

application gathered timing data on how long users took to perform the click. The size of 

the balloon was varied among 22px (the size of a toolbar button), 30px and 40px. The 

resulting study is a 4x3 within-subjects study (4 techniques, 3 sizes). 

Mixed Study 

We devised a mixed typing and pointing task in which subjects would have to 

move their hands between the keyboard and the mouse. In this study, subjects first 

clicked on the target (a red balloon of constant size) and then typed a word in the text box 

which appeared after they clicked (Figure 9). We measured the amount of time from the 

click to the first key pressed on the keyboard and the time from the last character typed to 

clicking on the next balloon. Subjects did not have to press Enter (unlike [8]). As soon as 

they had typed the correct word, the system would show the next balloon. The amount of 

time to correctly type the word shown was not considered, because we were only 

interested in the subject’s ability to point and not how well they could type. If the subject 

clicked but did not hit the balloon, this was recorded as an error and the trial was 

repeated. 

The sum of the two measured times is the round-trip time to move the hands 

from the keyboard to the 

mouse, click on a target and 

then return back to the 

keyboard. The mixed study 

compared the mouse with  

basic EyePoint , i.e. without 

a gaze marker  but with focus 

points. 

Qualitative Evaluation 

For the qualitative 

evaluation, users were asked 

to fill out a questionnaire to 

provide their comments and 
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Figure 10. Web Study speed results. 
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Figure 11. Web Study accuracy results 

opinions on the interaction 

techniques. They were asked 

to evaluate gaze-based 

pointing and the mouse for 

speed, accuracy, ease of use 

and user preference. In 

addition, subjects were also 

asked about which of the 

EyePoint variations (with 

focus points, with gaze 

marker or without focus points) they preferred. 

Web Study Results 

Figure 10 shows the performance results from the Web Study. A repeated 

measures ANOVA for technique showed that the performance differences are significant 

(F(3,57)=11.9, p<.01). Contrast analyses showed a significant difference for each eye-

based technique when compared to the mouse. Performance differences for the gaze 

marker condition were also significant. However, there was no significant difference 

between the focus points and no focus point conditions. The average time to click with 

the mouse was 1576 milliseconds and 1915 milliseconds with EyePoint. 

Figure 11 shows the accuracy results for the Web Study. As with the 

performance results, A repeated measures ANOVA analysis showed that the differences 

in error rate are significant (F(3,57)=14.9, p<.01). Contrast analyses showed a significant 

difference in error rate between each eye-based technique and the mouse. Differences 

among the three eye-based variations were not significant. The mouse had an average 

error rate of 3%, while the EyePoint error rate was 13%. The no focus points condition 

had an average error rate of 

10%. Qualitative results for 

the web study showed that 

subjects’ opinions were 

evenly split on which 

technique was faster  

(EyePoint or mouse) and 

which was easier to use. 

Although all subjects felt 

that the mouse was more 
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Figure 12. Balloon Study speed results. 
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Figure 13. Balloon Study accuracy results. 

accurate, three quarters of 

the subjects said they 

would choose to use 

EyePoint for this task over 

the mouse since they felt it 

was faster, easier or just 

cooler. A majority of the 

subjects preferred having 

focus points and felt that 

the focus points gave them 

something to “hold” on to. 

Balloon Study Results 

Figure 12 shows the performance results for the Balloon Study. EyePoint 

performs on average about 100ms slower than the mouse. A repeated measures ANOVA 

for size and technique showed a significant effect for size (F(2,38) = 26.8; p < .01), and 

for technique (F(3, 57) = 14.8; p <.01). We found no interaction effect between size and 

technique. Contrast analyses showed that significant differences existed for all pairs of 

sizes. For technique, contrasts showed a significant difference between all pairs of 

techniques except EyePoint with no focus points vs. mouse.  

Figure 13 shows the error rates for the Balloon Study. In accordance with 

theory, the size of the target did have an appreciable impact on the error rates. Contrast 

analyses showed that the differences in error rates among the gaze-based techniques were 

not significant. The differences between each of the gaze-based techniques and the mouse 

were significant. It should be noted that the error rates for gaze-based pointing techniques 

were considerably 

higher than in the Web 

study. We will discuss 

these results in the next 

section. 

Qualitative results 

for the balloon study 

showed that subjects 

found the mouse to be 

faster and more 

accurate. However, the 



 
Figure 14. Mixed Study performance/error results. 

gaze-based techniques were easier to use, and three quarters of the subjects again said 

they would prefer to use the gaze-based technique for this task. Subjects felt that moving 

the mouse was fatiguing over time and that it was easier to click using the gaze-based 

methods despite the speed disadvantage. 

Mixed Study Results 

Figure 14 shows the performance results for the total round trip time to point to 

a target and return to the keyboard. EyePoint is faster than the mouse in this task. A 

paired sample two-tailed t-Test showed that the results are statistically significant with p 

< .05. 

Figure 14 also shows the accuracy results from the Mixed Study. It should be noted that 

while the gaze-based technique had better performance, it had much lower accuracy than 

the mouse. A paired sample two-tailed t-Test showed that the error results are statistically 

significant with p < .01. 

Qualitative results 

for the mixed study showed 

a strong preference (>90%) 

for EyePoint on the speed, 

ease of use and user 

preference dimensions—

primarily because users 

didn’t have to move their 

hands off the keyboard. The 

mouse was preferred only 

on the accuracy dimension. 

Analysis and Discussion 

The above results present an incomplete picture without a deeper analysis. If we 

isolate the actions the user must perform to point and click on a target with the mouse, the 

total time would be: 

Tmouse = tacquire target + tacquire mouse + tacquire cursor + tmove mouse + tclick mouse 

By contrast, the total time for selection using EyePoint would be: 

Teyepoint = tacquire target + tacquire hotkey + tpress hotkey + treacquire target + trelease hotkey 

It can be reasonably expected that the time to acquire the target, i.e. perform a visual 

search for the target is the same in both cases. The time to acquire the mouse vs. the 

hotkey would depend on Fitts’ Law [6, 8]. In our studies we found that having a large 

hotkey such as the space bar, reduced the acquisition time for the hotkey. The key  



performance difference between using the mouse and using the eye arises from the 

second visual search to re-acquire the target in the magnified view. We observed that 

subjects were able to parallelize tasks when using the mouse. For instance, they would 

already have their hand on the mouse and begin moving it even before they had 

performed the visual search. This may be the result of years of practice with using the 

mouse. Due to the concurrent nature of the sub-tasks for pointing with the mouse, the 

amount of time it takes the user to move the mouse and the amount of time it takes the 

user to perform a secondary visual search when using gaze are similar (assuming the time 

to click the mouse and release the key are similar). 

Based on the empirical results and the model proposed above, we find that the 

performance of EyePoint is similar to the performance of the mouse and can actually be 

faster than the mouse in some cases. 

The analysis of error rates is a little more complex. While the results shown in 

the previous section suggest that the error rates when using gaze-based pointing are 

considerably higher than those when using the mouse, the graphs do not tell the complete 

story. A deeper analysis of the error data showed that the error rates varied significantly 

across subjects. The eye-gaze tracker works better for some subjects than others. The 

accuracy of the eye-tracking depends not only on the individual, but on the quality of the 

calibration and the posture of the subject over the course of the experiments. 

If we partition the error data into subjects for whom the eye tracker worked well 

and subjects for whom the eye tracker didn’t work as well, the error rates for the first 

group are closer to 10% while those for the second group are closer to about 33%.  

In the case of the balloon studies, we observed that since the task required 

subjects to click on the balloons in rapid succession, some subjects would press the 

EyePoint hotkey prematurely, in anticipation of the next balloon, before they even 

actually looked at it. This resulted in a significantly higher error rate. In practice, we can 

reasonably expect that subjects will look at the target before activating the hotkey. 

The implementation of EyePoint uses a fixation detection algorithm that expects 

the subject’s gaze to be within a certain region for at least 25-50 ms before it updates the 

current gaze coordinate. This resulted in timing issues in the balloon studies. Subjects 

would see the balloon in their peripheral vision and press the hotkey before their foveal 

vision fixated on the target. To reduce such errors, we propose measuring the initial 

fixation during a window of time that extends slightly beyond the hotkey activation time, 

thereby giving the subject the ability to focus on the target before the gaze-point is 

determined. We present details of this technique in the next section. 



Our observation of the subjects while they performed the study also revealed 

other interesting details. One subject, for instance, laughed and smiled a lot, which 

caused the subject’s eyes to squint and resulted in a loss of eye-tracking accuracy 

(sometimes no data at all). Our pilot studies included a subject with astigmatism and 

weighted contact lenses which reduced the accuracy of the eye tracker, possibly due to 

the differential movement of the weighted contact lenses. For subjects with glasses we 

found that large frames with thin lenses work better than narrow frames and thick lenses; 

the former because the rim of the frame doesn’t occlude the view of the camera and the 

latter since it reduces the visual distortion of the eyes. 

In the qualitative evaluation subjects also reported that they found that the gaze-

based techniques required more “focus” and more “concentration” and therefore found 

the studies to be fatiguing over time. Each subject participated in the study for one hour 

during which they had to click on approximately 500 targets with their eyes and about 

100 targets with the mouse. In standard use, we do not expect such intense usage. 

While our studies randomized trials in order to compensate for learning effects, 

we did observe learning effects as subjects adapted to the system. For real-life usage one 

might therefore expect improvement over time as users adapt to using gaze-based 

pointing. This would also reduce the cognitive load of pressing the right hotkey for the 

desired action.  

Subjects strongly preferred EyePoint over using the mouse. They felt that it was 

more natural since they were already looking at the target when they wanted to point. It 

allowed them to keep their hands on the keyboard and was therefore much faster for 

mixed tasks that involved typing and pointing. They also felt that EyePoint reduced the 

risk of repetitive stress injury from using the mouse.  

EyePoint presents a practical and innovative interaction technique that combines 

the use of gaze- and key-based activation into a single look-press-look release action. 

This transforms a two-step refinement process into a single fluid action and prevents 

overloading the visual channel while still using gaze-based target refinement. EyePoint 

makes gaze-based pointing equally compelling for use by both disabled and able-bodied 

users. 

 

5. IMPROVING THE ACCURACY OF GAZE INPUT 

In implementing EyePoint, we found that while the speed of a the gaze-based 

pointing technique was comparable to the mouse, the error rates were significantly 

higher. To address this problem, we have since conducted a series of studies to 



investigate the source of these errors and identify ways to improve the accuracy of gaze-

based pointing. In this section we present the two most important methods we found for 

improving the accuracy and user experience of gaze-based pointing: an algorithm for 

real-time saccade detection and fixation smoothing and an algorithm for improving eye-

hand coordination. These methods boost the basic performance for using gaze 

information in interactive applications and in our application made the difference 

between prohibitively high error rates and practical usefulness of gaze-based interaction. 

Saccade Detection and Fixation Smoothing 

The nature of eye movements together with the limited accuracy of eye trackers, 

results in a noisy gaze signal. Prior work on algorithms for identifying fixations and 

saccades [26, 30, 32, 37] has dealt mainly with  post-processing previously captured gaze 

information. For using gaze information as a form of input, however, it is necessary to 

analyze eye-movement data in real-time.  

To smooth the data from the eye tracker in real-time, it is necessary to determine 

whether the most recent data point is the beginning of a saccade, a continuation of the 

current fixation or an outlier relative to the current fixation. We use a gaze movement 

threshold, in which two gaze points separated by a Euclidean distance of more than a 

given saccade threshold are labeled as a saccade. This is similar to the velocity threshold 

technique described in [32], with two modifications to make it more robust to noise. First, 

we measure the displacement of each eye movement relative to the current estimate of the 

fixation location rather than to the previous measurement. Second, we look ahead one 

measurement and reject movements over the saccade threshold, which immediately 

return to the current fixation. This prevents single outliers of the current fixation from 

being mislabeled as saccades. It should be noted that this look-ahead introduces a one-

measurement latency (20ms for the Tobii 1750 eye tracker [34]) at saccade thresholds 

into the gaze data provided to the application. 

The algorithm maintains two sets of points: the current fixation window and a 

potential fixation window. If a point is close to (within a saccade threshold of) the current 

fixation, it is added to the current fixation window. The new current fixation is calculated 

by a weighted mean which favors more recent points (described below). If the point 

differs from the current fixation by more than a saccade threshold, it is added to the 

potential fixation window and the current fixation is returned. When the next data point is 

available, if it was closer to the current fixation, then we add it to the current fixation and 

throw away the potential fixation as an outlier. If the data point is closer to the potential 



fixation, then we add the point to the potential fixation window and make this the new 

current fixation. 

The fixation point is calculated as a weighted mean (a one-sided triangular filter) 

of the set of points in the fixation window. The weight assigned to each point is based on 

its position in the window. For a window with n points (P0, P1… Pn-1) the mean fixation 

would be calculated by the formula: 
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The size of the fixation window (n) is capped to include only data points that 

occurred within a dwell duration [22, 23] of 400-500ms (20 data points for our eye 

tracker). We do this to allow the fixation point to adjust more rapidly to slight drift in the 

gaze data. 

Figure 15 shows the output from the smoothing algorithm for the x-coordinate 

of the eye-tracking data. We also show a Kalman filter applied to the entire raw gaze data 

and a Kalman filter applied within fixations only. A Kalman Filter applied over the 

entirety of the raw gaze data smoothes over saccade intervals. The nature of eye 

movements, in particular the existence of saccades, necessitates that the smoothing 

function only be applied to fixations, i.e. within saccade boundaries. Applying the 

Kalman filter within fixations only does yield comparable results to our one-sided 

triangular filter discussed above. It is possible that applying a non-linear variant of the 

Kalman filter [1], or a better process model of eye movements for the Kalman filter may 

yield better smoothing results. The advantage of our approach is that the algorithm is 

very simple and is tailored 

to account for the different 

forms of eye movements. 

While there is still 

room for improvement in 

the algorithm above by 

taking into account the 

directionality of the 

incoming data points, we 

found that our saccade 

detection and smoothing 

algorithm significantly 

Figure 15. Results of our real-time saccade detection and 
smoothing algorithm. Note that the one measurement 
look-ahead prevents outliers in the raw gaze data from 
being mistaken for saccades, but introduces a 20ms 
latency on saccade thresholds. 



improved the reliability of the results for applications which rely on the real-time use of 

eye-tracking data. A more detailed description of our algorithm including pseudocode is 

available in [15]. 

Eye-hand Coordination 

Our research on using a combination of gaze and keyboard for performing a 

pointing task [19] showed that error rates were very high. Additional work on using gaze-

based password entry [17] showed that the high error rates existed only when the subjects 

used a combination of gaze plus a keyboard trigger. Using a dwell-based trigger exhibited 

minimal errors. These observations led us to hypothesize that the errors may be caused by 

a failure of synchronization between gaze and triggers. 

To determine the cause and the number of errors we conducted two user studies 

with 15 subjects (11 male, 4 female, average age 26 years). In the first study, subjects 

were presented with a red balloon. Each time they looked at the balloon and pressed the 

trigger key, the red balloon popped and moved to a new location (Moving Target Study). 

In the second study, subjects were presented with 20 numbered balloons on the screen 

and asked to look at each balloon in order and press the trigger key (Stationary Targets 

Study). Subjects repeated each study twice, first trying to perform the task as quickly as 

possible and second trying to perform the study as accurately as possible. The order of 

the studies was varied for counter-balancing and trials were repeated in case of an error. 

An in-depth analysis of the data and classification of the errors from the two 

studies revealed multiple sources of error: 

Tracking errors: caused due to the eye tracker accuracy. These include cases in which the 

gaze data from the eye tracker is biased or when the location of the target in the periphery 

of the screen results in lower accuracy from the eye tracker [3]. 

Early-Trigger errors: caused because the trigger happened before the user’s gaze was in 

the target area. Early triggers can happen because a) the eye tracker introduces a sensor 

lag of about 33ms in processing the user’s eye gaze, b) the smoothing algorithm 

introduces an additional latency of 20ms at saccade thresholds c) in some cases (as in the 

Moving Target study) the users may have only looked at the target in their peripheral 

vision and pressed the trigger before they actually focused on the target. 

Late-Trigger errors: caused because the user had already moved their gaze on to the next 

target before they pressed the trigger. Late triggers can happen only in cases when 

multiple targets are visible on the screen, as in the Stationary Targets study or in gaze-

based typing. 



Other errors: these include 

a) smoothing errors caused 

when the smoothed data 

happened to be outside the 

target boundary, but the 

raw data point would have, 

by chance, resulted in a hit, 

b) human errors where the 

subject just was not looking 

at the right thing or the 

subject looked down at the 

keyboard before pressing 

the trigger. 

Figure 16 

illustrates the different error types. Figure 17 shows how often each type of error 

occurred in the two studies. 

To improve the accuracy of gaze-based pointing in the case of the speed task, 

we implemented an Early Trigger correction (ETC) algorithm which delays trigger points 

by 80ms to account for the sensor lag, smoothing latency and peripheral vision effects. 

We simulated this algorithm over the data from the Moving Target study. Figure 18 

shows the outcome from the simulated results. It should be noted that both smoothing and 

early-trigger correction by themselves actually increased the error rate, because 

smoothing introduces a 

latency that the early 

trigger would be correcting. 

The error rate in the speed 

task when using a 

combination of smoothing 

and early trigger correction 

approaches the error rate of 

the accuracy task without 

compromising the speed of 

the task.  
Figure 17. Analysis of errors in the two studies show that a 
large number of errors in the Speed Task happen due to 
early triggers and late triggers – errors in synchronization 
between the gaze and trigger events. 

 
Figure 16. Sources of error in gaze input. Shaded areas 
show the target region. Example triggers are indicated by 
red arrows.  The triggers shown are all different attempts 
to click on the upper target region. The trigger points 
correspond to: a) early trigger error, b) raw hit and 
smooth hit, c) raw miss and smooth hit, and d) late 
trigger error. 



While we were 

able to identify late-trigger 

errors in the analysis of the 

data, it is difficult to 

distinguish a late trigger 

from an early trigger or 

even an on-time trigger 

without using information 

about the location of the 

targets. Since our approach 

has focused on providing a 

generally applicable 

technique for gaze-input 

which does not rely on application or operating system-specific information we did not 

attempt to correct for late triggers. We note that the use of semantic information about 

target locations has the potential to significantly improve the accuracy of gaze-based 

input by allowing the current fixation to be applied to the closest target. 

 

6. SCROLLING 

Scrolling is an inherent part of our everyday computing experience. It is 

essential for viewing information on electronic displays, which provide a limited 

viewport to a virtually unlimited amount of information. Contemporary scrolling 

techniques rely on the explicit initiation of scrolling by the user. Considerable prior work 

[7, 12, 20, 35, 41] has been done in evaluating various techniques and devices for 

scrolling.  

The act of scrolling is tightly coupled with the user’s ability to absorb 

information via the visual channel, i.e. the user initiates a scrolling action to inform the 

system that he/she is now ready for additional information to be brought into view. We 

therefore posit that gaze information can be an invaluable source of contextual 

information making it a natural choice for enhancing scrolling techniques. However, the 

Midas Touch problem again becomes an issue when attempting to use gaze for scrolling. 

We posit that by understanding the characteristics of reading patterns and how users 

consume visual information [5, 28, 29] it is possible to devise new techniques for 

scrolling, which can either use gaze-information to automatically control the onset and 

 
 

Figure 18. Simulation of smoothing and early trigger 
correction (ETC) on the speed task for the Moving Target 
Study shows that the percentage error of the speed task 
decreases significantly and is comparable to the error rate 
of the accuracy task. 



the speed of scrolling or use gaze information passively to augment manual scrolling 

techniques. 

Individual differences in reading and scanning patterns may result in no one 

technique being suitable for all users. We therefore explore a range of techniques that 

may satisfy different user preferences. We designed and implemented techniques for both 

manual and automatic scrolling. We also introduce the use of off-screen gaze-actuated 

buttons or hotspots that allow users to explicitly control document navigation. 

Manual Scrolling 

The Page Up / Page Down Problem 
The implementation of Page Up and Page Down on contemporary systems is 

based on the expectation that the user will press the page down key when he or she is 

looking at the last line on the page. However, our contextual inquiry revealed that users 

often initiate scrolling in anticipation of getting towards the end of the content in the 

viewport. This results in users pressing Page Down before reaching the last line of the 

text. Consequently, the text the user was looking at scrolls out of view off the top of the 

viewport. This necessitates a fine-tuning of the scrolling movement to bring the text back 

into view. In addition, most users tend to lose track of where they were reading once the 

page scrolls and must reacquire their position in the text. 

Gaze-enhanced Page Up / Page Down 
We propose a new approach for a gaze-enhanced Page Down which uses a 

GazeMarker to always keep users’ eyes on the text they were reading even through page 

transitions. In this approach, the user’s eye gaze on the screen is tracked. When the user 

  
A. The user’s gaze position 
right before pressing the Page 
Down Key. 

B. When the user presses the 
Page Down Key, the region 
below the user’s eye gaze is 
highlighted with a GazeMarker 
and scrolled to the top of the 
viewport. 

C. The motion of the 
GazeMarker directs the user’s 
gaze up to the top of the page 
keeping it positioned where the 
user was reading. The 
GazeMarker slowly fades away 
over a couple of seconds. 

Figure 19. The Gaze-enhanced Page Up / Page Down approach addresses the 
limitations of current Page Up and Page Down Techniques by Positioning the region 
under the user's gaze at the bottom or top of the page respectively. 



presses the page down key, the region where the user was looking immediately before 

pressing the page down key is highlighted. We call this highlight a "GazeMarker". The 

page is then scrolled such that the highlighted region becomes the topmost text shown in 

the viewport (Figure 19). Since the highlight appears immediately before the page scrolls 

and then moves up in the viewport, the user's gaze naturally follows the highlight. This 

ensures that the user’s gaze is kept on the text he or she was reading and minimizes the 

need to reacquire the text after scrolling. The GazeMarker slowly fades away within a 

few seconds. 

Automatic Scrolling 

The design of any automatic scrolling techniques must overcome two main 

issues: a) the Midas Touch problem, b) controlling the speed at which the content is 

scrolled. We address each of these problems below. 

Explicit Activation/Deactivation 
PC keyboards include a vestigial Scroll Lock key which the vast majority of 

users have never used. To overcome the Midas Touch problem we chose to use explicit 

activation of any of the automatic scrolling techniques by putting the Scroll Lock key 

back into use for turning the automatic scrolling on and off. 

Estimation of Reading Speed 
For several of the techniques presented, it is useful to be able to measure the 

user’s reading speed. Previous work [5, 29] has shown that the typical eye movements 

(fixations and saccades) for a subject reading text conforms to Figure 20. Beymer et al. 

[5] present an estimate of reading speed based on forward-reads. For our use—to control 

scrolling—it is more interesting to measure the speed at which the user is viewing 

vertical pixels. This can be estimated by measuring the amount of time for the horizontal 

sweep of the user’s eye gaze (Δt) and the delta in the number of vertical pixels during that 

time(Δy). The delta in the vertical pixels divided by the amount of time for the horizontal 

sweep (Δy/Δt) provides an instantaneous measure of “reading speed”. A smoothing 

algorithm is applied to 

the instantaneous reading 

speed to account for 

variations in column 

sizes and the presence of 

images on the screen. 

We present three 

scrolling techniques that 

 
Figure 20. Estimation of reading speed.  Vertical pixels 
viewed per second = Δy/Δt. 



start and stop scrolling 

automatically, 

depending upon the 

user’s gaze position. 

The techniques differ in 

the details of whether 

the content is scrolled 

smoothly or discretely. 

Each of the techniques 

presented scrolls text 

only in one direction. 

This was a conscious 

design choice to 

overcome the Midas Touch problem. Scrolling backwards or navigating to a particular 

section of the document can be achieved either by using manual methods or by using off-

screen navigation buttons. 

Eye-in-the-middle 
The eye-in-the middle technique for automatic dynamically adjusts the rate of 

the scrolling to keep the user’s gaze in the middle third of the screen (Figure 21). This 

technique relies on accelerating or decelerating the scrolling rates to match the user’s 

instantaneous reading speed. It is best suited for reading text-only content since the user’s 

scanning patterns for images included with the text may vary. This technique requires 

that the user read text while it is scrolling smoothly.  

Smooth scrolling with gaze-repositioning 
This automatic scrolling approach relies on using multiple invisible threshold 

lines on the screen (Figure 22). When the user's gaze falls below a start threshold, the 

document begins to scroll slowly. The scrolling speed is set to be slightly faster than the 

user’s reading speed in order to gradually move the user’s gaze position towards the top 

of the screen. When the user’s gaze reaches a stop threshold, scrolling is stopped (text is 

stationary) and the user can continue reading down the page normally. If the user's gaze 

falls below a faster threshold, the system begins to scroll the test more rapidly. The 

assumption here is that either the scrolling speed is too slow or the user is scanning and 

therefore would prefer that the content scroll faster. Once the user's gaze rises above the 

start threshold, the scrolling speed is reduced to the normal scrolling speed. The scrolling 

speed can be adjusted based on each individual’s reading speed. 

 
Figure 21. The eye-in-the-
middle automatic scrolling 
technique adjusts the scrolling 
speed to match the user's 
reading speed and tries to 
keep the user's eyes in the 
middle thrid of the screen. 

Figure 22. The smooth 
scrolling with gaze-
repositioning technique 
allows for reading and 
scanning of content. 
Scrolling starts and stops 
depending on the position 
of the user’s gaze with 
respect to invisible 
threshold lines on the 
screen. 



In our implementation, the positions of the threshold lines were determined by 

user feedback. In particular, placing the stop threshold line higher on the screen resulted 

in users worrying that the text would run away before they would have the chance to 

finish reading it. We therefore lowered the stop threshold to one-third the height of the 

screen so that scrolling would stop before the users became anxious. In addition, 

whenever scrolling is started or stopped, it is done by slowly increasing or decreasing the 

scrolling rate respectively. This is done to make the transitions from one state to another 

continuous and fluid. 

This approach allows for both reading and scanning, however, in this approach 

while the user is reading, sometimes the text is moving and other times the text is 

stationary. 

Discrete scrolling with gaze-repositioning 
The discrete scrolling with gaze-repositioning approach leverages the gaze-enhanced 

Page Up / Page Down technique for manual scrolling and extends it by adding an 

invisible threshold line near the bottom of the screen. When the user’s eyes fall below the 

threshold the system issues a page down command which results in the GazeMarker 

being drawn and the page being scrolled (Figure 23). The user’s gaze must stay below the 

threshold for a micro-dwell duration (~150-200ms) before the scroll event triggers. This 

minimizes the number of false activations caused by looking around at the page and 

disambiguates scanning the screen from reaching the end of the content on the screen 

while reading. The scrolling motion happens smoothly to keep the user’s eyes on the 

GazeMarker, but fast enough for the scrolling to appear as if it occurred a page at a time. 

   
A. The user’s gaze position 
when the eye gaze drops 
below the scrolling threshold. 

B. If the user’s gaze stay below 
the threshold for the duration of 
a micro-dwell (~150-200ms) the 
system issues a Page Down 
command, which results in the 
GazeMarker being drawn. 

C. The motion of the 
GazeMarker directs the user’s 
gaze up to the top of the page 
keeping it positioned where the 
user was reading. The 
GazeMarker slowly fades away 
over a couple of seconds. 

Figure 23. The discrete scrolling with gaze-repositioning leverages the gaze-enhanced 
Page Up / Page down and triggers a Page Down event when the users gaze falls below a 
threshold line for a specified duration.



This approach ensures that users read only when the content is stationary (in contrast to 

our other automatic scrolling approaches). 

Off-Screen Gaze-Actuated Buttons 

The Tobii eye tracker provides sufficient field of view and resolution in order to 

be able to clearly identify when the user is looking beyond the edges of the screen at the 

bezel. This provides ample room to create gaze-based hotspots for various navigation 

controls. We implemented several variations of off-screen gaze-actuated buttons for 

document navigation as seen in Figure 24. Off-screen gaze-actuated buttons/hotspots for 

document navigation and control. Buttons which trigger discrete events (Home, Page 

Down etc) use a dwell-based activation. Hotspots that have a more continuous action 

(scroll up etc) use a micro-dwell based activation. 

Dwell vs. Micro-Dwell based activation 
Document navigation actions have either a discrete nature (such as the Home, 

End, Page Up and Page Down buttons), which require one-time activation or a more 

continuous nature such as the cursor keys on the keyboard or the controls on a scroll bar. 

The latter typically require the action to be performed repeatedly. 

In order to accommodate both of these actions we implemented two different 

activation techniques. The first, dwell-based activation, triggers only once when the user 

looks at the target for at least 400-500ms. For the actions which require continuous input, 

we chose to use a micro-dwell based activation in which the user looks at the target for at 

least 150-200ms. 

Evaluation 

Pilot studies with 10 users indicated that all subjects preferred the gaze-

enhanced Page Up/Page Down technique over the normal Page Up/Page Down. In 

 
A. Home, End, Page Up 
and Page Down buttons 
activated by dwell (400-
500 ms) 

B. Scrolling buttons 
activated by a micro-dwell 
(150-200ms) provide 
continuous input while the 
user is looking at them. 

C. Scrolling buttons 
located in the center to be 
aligned with the user’s 
gaze direction. 

D. 8-way panning regions 
activated by looking slightly 
off-screen for a micro-dwell 
duration (150-200ms) 

Figure 24. Off-screen gaze-actuated buttons/hotspots for document navigation and control. Buttons 
which trigger discrete events (Home, Page Down etc) use a dwell-based activation. Hotspots that have a 
more continuous action (scroll up etc) use a micro-dwell based activation. 



 
Figure 25. Using EyeExposé – Pressing and holding the EyeExposé hotkey tiles all open 
applications on the screen. The user simply looks at the desired target application and 
releases the hotkey to switch applications. 

studies with the automatic scrolling techniques, subjects felt that scrolling started when 

they expected it to, that the scrolling speed was neither too fast nor too slow and that they 

felt they were in control. Some subjects commented that they initially found it 

disconcerting to read while the text was moving, but that they got used to it with practice. 

It is conceivable that, like a teleprompter, subjects may become comfortable with reading 

moving text with practice. The discrete scrolling with gaze-repositioning technique 

overcomes the issues of reading moving text and was therefore the preferred approach for 

gaze-enhanced scrolling. Subjects indicated that they would prefer the gaze-enhanced 

scrolling techniques over traditional scrolling methods. Systematic studies will need to be 

done to rigorously evaluate the benefits and shortcomings of these techniques. 

We have presented several techniques for gaze-enhanced scrolling which 

include augmenting existing manual scrolling techniques with gaze input and variations 

of automatic gaze-based scrolling techniques. We also introduced the use of off-screen 

gaze-actuated buttons or hotspots. Gaze enhanced scrolling has the potential to radically 

reduce the number of scrolling actions users need to perform in order to surf the web or 

consume other information displayed in electronic form. 

7. APPLICATION SWITCHING, PASSWORD ENTRY AND UTILITIES 

Our gaze-enhanced application switching technique, EyeExposé [18], combines 

a full-screen two-dimensional thumbnail view of the open applications with gaze-based 

selection. We implemented EyeExposé on Microsoft Windows using a Tobii 1750 eye 

gaze tracker. Figure 25 show how EyeExposé works—to switch to a different application, 

the user presses and holds down a hotkey. EyeExposé responds by showing a scaled 

down view of all the applications that are currently open on the desktop. The user simply 

looks at the desired target application and releases the hotkey. 

The use of eye gaze instead of the mouse for pointing is a natural choice. 

Whether the user relies on eye gaze or the mouse, the visual search task to find the 



desired application in the tiled view is a required prerequisite step. By using eye gaze 

with an explicit action (the release of the hotkey) we can leverage the user’s natural 

visual search to point to the desired selection. Our user studies showed that subjects 

strongly preferred to use EyeExposé over other application switching techniques such as 

Alt-Tab, the Taskbar or even Exposé with mouse based selection. 

Our gaze-based password entry technique [17] uses an on-screen keyboard with 

gaze-based typing (using either dwell or trigger based activation) to enter passwords and 

other sensitive information. This approach makes shoulder-surfing largely impractical. 

While it is easy to see what a user is typing on a keyboard, it is considerably harder to tell 

what they were looking at. User studies showed that gaze-based password entry requires 

marginal additional time over using a keyboard, error rates are similar to those of using a 

keyboard and subjects preferred the gaze-based password entry approach over traditional 

methods. 

We have also developed several smaller utility applications, for instance, an 

application which activates the screen saver when the user looks away from the screen. 

When the user looks at the screen again, the screen saver is deactivated. This approach 

can be used to conserve power on laptop computers. Another application automatically 

warps the mouse from one screen to another in a multi-monitor setup.  

 

8. CONCLUSION 

We have discussed several novel interaction techniques which use gaze 

information as a form on input for the system. The key insights of our work are 1) to 

augment rather than replace existing interaction techniques, 2) to focus on the interaction 

design to mitigate the Midas Touch issues and 3) to improve the technology for 

interpreting and using eye gaze information as a form of input. We believe that by 

following these principles it is indeed possible to use gaze as an augmented input to help 

address the asymmetrical bandwidth problem [38] of contemporary computer systems.  

Current technology and economic trends (sensor resolution and cost, processing 

power), the cost of eye tracking systems is expected to decline rapidly. Designing 

interaction techniques that incorporate gaze information as a primary input has the 

potential to radically change human-computer interaction as we know it today.  
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