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ABSTRACT 
We present LookPoint, a system that uses eye input for 
switching input between multiple computing devices. 
LookPoint uses an eye tracker to detect which screen the 
user is looking at, and then automatically routes mouse 
and keyboard input to the computer associated with that 
screen. We evaluated the use of eye input for switching 
between three computer monitors during a typing task, 
comparing its performance with that of three other 
selection techniques: multiple keyboards, function key 
selection, and mouse selection. Results show that the use 
of eye input is 111% faster than the mouse, 75% faster 
than function keys, and 37% faster than the use of 
multiple keyboards.  A user satisfaction questionnaire 
showed that participants also preferred the use of eye 
input over other three techniques.  The implications of 
this work are discussed, as well as future calibration-free 
implementations. 
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INTRODUCTION 
In recent years, users have moved from a one-to-one 
relationship with their computer to a one-to-many 
scenario, one that involves interactions with multiple 
computing appliances (Weiser, 1991). These appliances 
are often mobile, and interacting with them involves the 
use of small screens and inefficient text entry methods, 
such as Multitap (MacKenzie, 2003). Recently, portable 
wireless keyboards  have become available that allow 
users to connect to their appliance over a Bluetooth 
connection (Bluetooth Special Interest Group, 2003). 
However, switching a Bluetooth connection between 
devices can be cumbersome, as it requires pairing 
operations with each computer. Similar issues exist in 
desktop scenarios.  

 

 

In large software development corporations, users are 
often required to complete testing, development or 
research using multiple computing platforms. Here, a 
separate keyboard and mouse is often used for each 
individual machine (see Figure 1).  

We can identify a number of issues in the switching of 
input devices, such as mouse and keyboard in multi-
computer environments: 

1) Switching invokes a context switch, one that disrupts 
the user’s task in the transition from one computer to 
the next. 

2) Users need to remember which set of input devices is 
connected to which computer. 

3) Switching may require manual actions to connect or 
disconnect input from one machine to the next. This 
may overload manual input, for example, during text 
entry. 

4) Individual keyboards and mice may have different 
associated layouts or input styles. 

These problems conspire to reduce user productivity 
when working with multiple computers. In this paper, we 
discuss LookPoint, a system that addresses these issues 
by using eye input as an alternate channel of input. 
LookPoint uses an eye tracker to detect which screen the 
user is attending to. By routing input to the corresponding 
computer, users can continue their manual tasks without 
disruption. 

First, we discuss our motivation and background 
literature. We then discuss the design of our prototype 
system. We conclude with an empirical evaluation of the 
system, which shows that the use of eye input for 
switching between monitors is significantly faster than 
the use of multiple keyboards, function keys, or a mouse. 

FOCUS SELECTION USING THE EYES 
Shell, Selker, and Vertegaal (2003) suggested that eye 
tracking could function as a means of determining the 
focus of user interactions in scenarios that involved the 
use of multiple devices (Gibbs, 2005).  There are 
numerous reasons why the use of eye gaze, as a means of 
focus selection, may be considered compelling: 
 

1) Eye gaze provides an independent parallel channel 
of input. This prevents overloading of the main 
input channel, typically the hands, with a selection 
task. 
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2) If computing devices are outfitted with an eye 
tracker, users need not carry an input device for 
basic focus selection tasks.  

3) The eyes have some of the fastest muscles in the 
human body. This makes eye tracking a more 
efficient candidate for alternate input than, for 
example, head tracking, as head motion involves 
the use of slow neck muscles (Langolf, 1973).  

4) When interacting with a device, users often look at 
the target before initiating manual action (Jacob, 
1991).  This allows transparent use of eye input for 
switching, at no apparent cost to the user. 

5) Humans complete thousands of eye movements 
each day without any apparent fatigue.  Use of eye 
gaze thus reduces the risk of repetitive strain 
injury. 

6) While users are not very familiar with the use of 
their eyes as a pointing device, they are quite 
familiar with the use of their eyes as a means for 
indicating the target of their actions.  In 
communicating with others, for example, eye gaze 
is used to indicate whom one addresses or listens 
to (Vertegaal et al., 2001).   

There are also arguments against the use of eye tracking 
for alternate input.  Eye trackers have been prohibitively 
expensive, and their tolerance for head movement is 
limited. However, recent advances have increased 
tracking range to over two meters, while reducing cost 
(Shell et al., 2004). The spatial accuracy of eye trackers is 
also limited, to about one degree of visual arc. However, 
targets in focus selection tasks are typically in the order 
of several degrees of arc.  

Finally, eye tracking interfaces suffer from what is known 
as the Midas Touch effect (Jacob, 1991).  The Midas 
Touch effect is a result of overloading the visual input 
function of the eye with a motor output task.  It often 
occurs when an eye tracker is used for both pointing and 
clicking.  Although clicking with the eyes is appropriate 
for users without adequate limb control, it causes 

inadvertent selection of any target that is fixated upon.  
By triggering a click only when the user has fixated on a 
target for a certain amount of time, the Midas Touch 
effect can be mitigated.  The Midas Touch effect can be 
avoided entirely by triggering clicks via an alternate input 
modality, such as a manual button or voice command. 

Focus Selection of Multiple Devices 
It seems focus selection of computing devices is highly 
suitable for eye control.  Firstly, device screens, such as 
computer monitors, provide a large and discreet target for 
eye fixations. Secondly, the reason for looking at a screen 
is to provide input to the eyes of the user. As such, the 
use of eye input for switching operations is unlikely to 
induce a Midas Touch effect. Thirdly, the use of the eyes 
as an alternative channel of input avoids overloading the 
hands with a selection task. Finally, it reduces desktop 
clutter as users require only one set of manual input 
devices (see Figure 1). 

BACKGROUND 
Over the past years, a number of hardware and software 
solutions have been developed for sharing input devices 
across multiple computers. The most common solution is 
a Keyboard-Video-Mouse (KVM) switcher (Krause, 
2000), which allows a single keyboard, monitor and 
mouse to be shared by several machines. One of the 
disadvantages of KVMs is that manual tasks, such as 
typing, are disrupted when the user reaches for the switch 
box. Moreover, KVMs typically require that all hardware 
is placed within close proximity. 

A different approach was taken at Stanford with 
PointRight (Johanson et al., 2002), a system that allows 
multiple computers to be linked as if their monitors were 
connected to a single machine. All machines are 
controlled by a single cursor, which can be moved across 
monitor boundaries. While this software-based system 
provides a significant improvement over the use of 
KVMs, PointRight still overloads manual input. As 
Baudisch et al. (2004) pointed out, users frequently lose 
track of their screen cursor when pointing across large 
displays. Their system, Mouse Ether, allows for a 
correction of the resolution between different screens, 

  
Figure 1. Cluttered desktop environment with multiple input devices and computers. 
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such that the path from one screen to the next always 
appears linear to the user. Mouse Ether improved 
participants’ performance on a target acquisition task 
across two screens running at different resolutions by up 
to 28% over traditional cross-screen mouse techniques. 
Benko and Feiner (2005) introduced Multi-Monitor 
Mouse (M3) which reduces the distance between targets 
on systems with multiple contiguous displays through a 
variety of “teleporting” methods. User studies showed 
that M3 significantly reduced the time to acquire targets 
across multiple screens, compared with traditional mouse 
techniques. However, the authors did not compare 
performance with input techniques other than the mouse.  

Ayatsuka et al. (2001) discussed Gaze-Link, a system for 
switching connections through computer vision. In Gaze-
Link, computer monitors are augmented with a fiducial 
marker that is read by a camera on a laptop. Gaze-Link 
allows users to connect without removing their hands 
from their laptop keyboard. After the user orients his 
laptop towards a candidate monitor, the laptop 
automatically switches input from its keyboard to the 
associated computer.  

Gaze-Based Approaches 
There are few systems that use eye tracking input for 
focus selection tasks such as input switching. Although 
there have been several empirical studies on the 
performance of eye tracking during target selection tasks, 
results are somewhat mixed.  

Wang, Zhai and Su (2001) discussed an evaluation of eye 
input for the selection of Chinese characters for text 
entry. In their task, users were asked to choose one of 
eight on-screen Chinese characters by looking at the 
character while pressing the space bar. Their evaluations 
did not show a significant speed gain of eye input over 
traditional key-based selection. They attributed this to the 
fact that the overall time required to complete their task 
was dominated by decision time, rather than movement 
time.  

In a similar study, Zhai, Morimoto and Ihde (1999) 
evaluated the use of eye input in gaze assisted manual 
pointing. In their MAGIC pointing experiments, an 
isometric joystick was used to select targets on a screen. 
To speed up isometric pointing, the cursor was warped to 
a location close to the current fixation point whenever the 
joystick was engaged. However, MAGIC only marginally 
improved movement time, with a mean completion time 
8% faster than manual pointing.  Sibert and Jacob (2000) 
evaluated the use of a mouse and eye tracker in a pointing 
task that involved the selection of one of 16 circles 
presented on a screen. The authors reported that eye input 
was twice as fast as the mouse in this task.  

Fono and Vertegaal (2005) presented eyeWindows, a 
windowing system that deployed an eye tracker for focus 
window selection. Users select windows for focus by 
looking at them while pressing an activation key. They 
evaluated performance in a window selection task where 
hands were overloaded with a typing task. Results 
showed eye tracking for focus selection was about twice 
as fast as the use of the function keys or mouse. 

LookPoint extends their method for use across multiple 
screens. 

LOOKPOINT 
Rather than relying on manual switching, LookPoint uses 
the eye gaze of the user to route data from his input 
device to the currently attended computer. In its current 
version, LookPoint is designed to work with three 
desktop computers. Figure 2 shows how an LC 
Technologies Rev II Eyegaze eye tracker (LC 
Technologies, 2004) is placed below the screen of the 
central computer monitor. The other monitors are placed 
such that the eyes of the user remain within the field of 
view of the camera. This setup benefits switching speed, 
in that neck muscles need not be engaged when moving 
eye gaze from one monitor to the next.  

 
Figure 2. LookPoint with three monitors and                      

eye tracking camera. 

LookPoint Components 
The LookPoint software uses two components: a client 
that receives input, and a server that distributes the data. 
A set of input devices is connected via USB to the central 
computer, which runs the server software. The server 
software is connected via Ethernet to the eye tracking 
system, which is calibrated for use with the central 
screen. LookPoint takes advantage of the fact that the LC 
Eyegaze system is capable of reporting point of regard 
beyond the boundaries of the screen it is calibrated for. 
When coordinates are out of bounds of the center screen, 
LookPoint automatically converts gaze coordinates to the 
coordinate system of the appropriate monitor. LookPoint 
intercepts mouse and keyboard events before they are 
dispatched to the operating system, routing them to the 
appropriate client computer instead. 

Client Software 
The client software runs on all of the machines, 
communicating with the server over a TCP/IP connection. 
Client software interprets the incoming data stream, and 
issues corresponding mouse and keyboard events to the 
operating system. The client software can interpret input 
according to the capabilities of the device it is running on, 
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allowing each device to behave in a consistent fashion. 
For example, client software for mobile phones and 
PDAs may treat mouse movement data as scrolling or 
stylus commands instead.  

Mouse coordinates are, however, not automatically 
corrected for existing differences in cursor position 
between monitors. This means that the cursor may jump 
to a different location upon a switch. However, the server 
does ensure that no keyboard events are lost during a 
switch. If the user starts typing a sentence on one screen, 
while finishing it on another, the complete sentence will 
appear distributed across the two screens. The state of the 
keyboard caps lock key is maintained throughout a 
context switch. Client and server versions are currently 
available for both Linux and Mac OS X.  

EXPERIMENT        
We evaluated user performance in a manual task where 
input was switched between three desktop computers (see 
Figure 2). Our experiment was designed to evaluate the 
efficiency of the use of eye tracking for switching 
keyboard input, comparing performance with three other 
manual techniques during a text entry task.  
Switching Techniques 
Participants used four different switching techniques to 
direct keyboard input to the appropriate computer screen: 

 Multiple keyboards. In this condition, three separate 
keyboards were used.  The keyboards were placed in 
a pattern similar to that of the monitors in Fig. 2, 
with the top keyboard corresponding to the top 
monitor, the bottom left keyboard corresponding to 
the bottom left monitor, and the bottom right 
keyboard corresponding to the bottom right monitor.  
The top keyboard was slightly elevated to allow 
easier access (see Figure 3) 

 
Figure 3.  Setup of Multiple Keyboards condition. 

 Function keys. Here, a single keyboard was used for 
typing, and keys 1,2,3 on the number pad were used 
to select the desired monitor (see Figure 4).  The “1” 
key corresponded to the bottom left monitor, “2” 
corresponded to the top monitor, and “3” 
corresponded to the bottom right monitor. 

 
Figure 4. Setup of Function Keys condition. 

 

 

 Mouse. Here, one keyboard was used for typing, and 
the mouse was used for monitor selection (see Figure 
5).  The three monitors were set up such that the 
cursor moved fluidly from one to the next.  
Participants selected the desired monitor by moving 
the cursor into a text box (see Figure 6).  No clicking 
was required. 

 
Figure 5. Setup of Mouse condition. 

 Eyes. Here, one keyboard was used for typing, and an 
eye tracker was used to direct input to the monitor 
the participant looked at, or had last fixated upon.  
This ensured that users could look down while 
typing, without losing their input focus. Users had to 
fixate within the gray activation box (see Figure 6) in 
order for the monitor to be selected.   

Apparatus          
We used three 17-inch LCD screens with resolutions of 
1280x1024 arranged in a pyramidal formation, as well as 
three standard Apple keyboards and a standard Apple 
mouse (see Figure 2).  An LC Technologies Rev II 
Eyegaze system was used to track participants’ eye 
movements. We chose the Eyegaze system for our 
experiment because it features an accuracy of better than 
one degree of visual arc, low latency (in the order of 300 
ms) and good head movement tolerance. It also reports 
eye fixations over an area of up to 40 degrees on each 
side of the camera unit. The system works well with both 
contact lenses and glasses (Cheng & Vertegaal, 2004), 
and it has a high tolerance for ptosis (droopy eyelids).  

The Eyegaze system uses a small infrared LED in the 
centre of the camera to illuminate the eye and produce a 
‘glint’, which appears at the centre of the pupil when the 
user is looking directly at the camera.  By comparing the 
positions of the pupil centre and this glint, the software is 
able to calculate the eye’s real time gaze point on the 
plane of the monitors.  Users were seated at a distance of 
approximately 60 cm from the camera. Stimuli were 
presented using Cycling 74’s Max software (Cycling 74, 
2005). 

Task and Procedure         
During the experiment, each monitor would display a text 
entry box inside a gray 16x9 cm rectangular activation 
area (see Figure 6), as well as an activation light (the top 
circle in Figure 6). During the task, a five-letter word 
would randomly appear on one of the three screens.  As 
the word appeared, the activation light flashed to draw 
attention to that screen.  The participant’s task was to 
select the screen on which the word appeared using one 
of our four techniques, and then type the word displayed 
on the screen.  On pressing the fifth and final letter of the 
word, the string would disappear and another word would 
appear randomly on one of the other two screens. The 
participants were instructed on the task before being 
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presented with each condition. Participants practiced with 
each condition until their performance did not differ more 
than 10% over the last three trials. Participants performed 
each of the four conditions for two minutes, resulting in 
eight minutes of data collection per participant. 

Corpus of Words   
The words used for display were taken from the MRC 
Psycholinguistic Database (2005), therefore allowing for 
the control of the number of letters and the word 
frequency.  The chosen words were all five letters in 
length and scored between 30 and 3000 on the Kucera-
Francis Frequency (KFF) scale (Kucera & Francis, 1967). 
This resulted in a list of 431 relatively high-frequency 
words.  We controlled for frequency because people are 
better at reading (and therefore typing) words that they 
are frequently exposed to [6]. For example, it would take 
a user longer to read the low-frequency word “GAUZE” 
(KFF = 1) than the high-frequency word “THERE” (KFF 
= 2724).  

Participants and Design 
Eleven students participated in this experiment.  Their 
ages ranged from 18 to 25, and all were regular computer 
users.  The group consisted of six males and five females; 
five participants had previously used an eye tracker, and 
eight were self-described touch-typists.  A within-
subjects design was employed, meaning that each 
participant performed all four conditions. The order of 
presentation was counterbalanced between subjects.  
After completing all four conditions, participants were 
asked to fill out a brief questionnaire that asked them to 
evaluate the various input techniques. 

Data Analysis 
The raw data for each condition was recorded in Max and 
written to a file with information identifying the current 
word, any spelling errors made, and the switch time in 
milliseconds.  For our purposes, the switch time was 
defined as the amount of time from the instant the 
participant pressed the fifth and final letter of one word to 
the instant they pressed the first letter of the next word. 

RESULTS                       
We hypothesized that there would be a significant 
difference in the switch times between the four 
conditions, with the eye input condition providing the 
fastest switch time. Table 1 shows the mean switch time 

for all four conditions. Switch time varied highly 
significantly with input technique (F3,40 = 54.5, p < 
0.001). 

Post-hoc comparisons using Bonferroni correction 
confirmed that the eye input condition was significantly 
faster than the use of multiple keyboards (p = 0.002), 
function keys (p < 0.001), or mouse (p < 0.001). Multiple 
keyboards was significantly faster than function keys         
(p = 0.001) and mouse (p < 0.001). The function keys 
condition was significantly faster than the mouse                
(p = 0.002). This means that all differences observed in 
Table 1 were highly significant.   

In terms of performance, eye input was 111% faster than 
mouse input, 75% faster than function keys, and 37% 
faster than the use of multiple keyboards. Errors, 
misspellings, and incorrect monitor selection were all 
excluded from analysis. Error rates did not differ 
significantly between conditions. 

User Satisfaction Ratings 
Table 2 shows the mean scores for responses to four 
questions on a five-point Low to High scale.  Participants 
were asked to rate their perceived ease of learning, speed, 
accuracy, and overall preference for each of the four 
techniques on a scale of one to five. A non-parametric 
Friedman test showed results were significantly different 
for ease of learning (χ2 (3) = 17.83, p < 0.01); perceived 
speed (χ2 (3) = 16.77, p < 0.01); perceived accuracy                    
(χ2 (3) = 17.72, p < 0.01); and overall preference               
(χ2 (3) = 18.21, p < 0.01).  

In general, participants preferred the use of the eye input 
technique for input switching. Eye input scored better 
than manual techniques for all questions. 

DISCUSSION 
Results indicate that the use of eye input for input 
switching was indeed significantly faster than the use of 
manual techniques.  Switch time in the eye input 
condition was 111% faster than the mouse, 75% faster 

 

Figure 6. Stimulus display illustrating gray activation box, 
activation light, and text box.  Participant is transcribing            

the word ‘block’. 

Input 
Technique 

Keyboards Function 
Keys 

Mouse Eyes 

Switch 
time (s.e.) 

1.31 
(.05) 

1.68 
(.05) 

2.03 
(.09) 

.96 
(.05) 

Table 1. Mean movement times (s) and standard 
error per input technique. 

Input 
Technique 

Keyboards Function 
Keys 

Mouse Eyes 

Ease of 
Learning 3.45 3.45 4.45 4.82 

Speed 1.82 2.45 3.10 4.64 

Accuracy 2.73 2.55 3.10 4.64 

Preference 2.36 1.91 2.27 4.64 

Table 2. Mean user satisfaction ratings. 
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than function keys, and 37% faster than the use of 
multiple keyboards. The difference between the use of 
multiple keyboards and function keys is largely explained 
by the fact that there is no requirement to home the hands 
when using multiple keyboards. We should note that to 
not disadvantage multiple keyboard input, we did not 
include a condition in which keyboards were randomly 
arranged. We assume a random arrangement of keyboards 
would increase switch time significantly. The mouse 
condition mainly differed from the function key condition 
in that a mouse movement from one to the next monitor 
was required, making this the slowest of all techniques.  

The use of eye input was not only faster, but it was also 
perceived as easier. We believe this is because eye input 
involved no decision time. Assuming participants looked 
at the stimulus, eye input also required no additional 
movements to switch. Switching thus occurred at no 
apparent cost to the user. It is this phenomenon that best 
explains some of our participants’ comments that the eye 
input technique seemed “…magical: keystrokes 
automatically appeared on the correct screen…” It also 
explains the large performance benefits of eye input for 
this task.  

User satisfaction ratings also largely followed this 
pattern, with the majority of users preferring eye input 
over the other three conditions.  Our results are in line 
with those reported by Fono and Vertegaal (2005). We 
should note that our results only pertain to cases in which 
manual input is overloaded with a typing task. However, 
we believe this type of task is very common in 
environments that deploy multiple computers per user. 

Towards a Calibration-Free LookPoint System 
Although the empirical results are promising, we should 
note there are many disadvantages to LookPoint in its 
present form. Most importantly, the eye tracker used in 

our experiment has a limited field of view of about 
15x15x15 cm. This meant participants had to remain 
relatively still while executing the task. Although our 
targets were fairly large, obtaining maximum horizontal 
range across the span of three monitors required eye 
tracker calibration, and meant that monitors could not be 
arranged arbitrarily. 

We are currently working on a version of the LookPoint 
system that addresses these issues via a new calibration-
free eye tracking technique presented by Smith et al. 
(2005). Figure 7 shows the image from an eye tracking 
camera positioned at an angle of about 45 degrees from 
the line of sight of the user. The user is looking at an 
infrared LED light source mounted on the monitor in 
front of him. Due to the refractive properties of the 
cornea, the reflection of the LED on the cornea remains 
central to the pupil when the user looks at the LED, even 
when it is placed away from the camera unit.  

Figure 8 shows a prototype calibration-free LookPoint 
system featuring an IR light source (or tag, see inset) on 
each monitor, and a long-range 1.3 megapixel digital 
infrared camera placed underneath the center screen. 

 
Figure 7. Image from a camera monitoring the user’s eye 

from a 45 degree angle. The reflection of a tag mounted on a 
screen appears in the center of the user’s pupil, indicating 

the user is looking at the screen. 

  
Figure 8. Computer environment with a calibration-free version of LookPoint. One megapixel camera is placed 

below the central monitor. Monitors are identified through infrared markers (see inset). 

IR Tag 
IR Tag 
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When the user looks at a monitor, the reflection of its 
associated IR tag is observed by the camera as being 
central to the pupil. By blinking each IR tag with a unique 
binary code, our computer vision software can detect 
which monitor the user is looking at, without any prior 
knowledge about the geometry of the setup. This type of 
system is also ideal for use with mobile devices. 

Smith et al. (2005) discuss ViewPointer, a wearable 
calibration-free eye tracking system. Using ViewPointer, 
in combination with LookPoint software, users can use 
eye gaze to route input from a portable keyboard or 
pointing device to any arbitrary surface, object or 
appliance in a room. It also allows the augmentation of 
mobile devices such as PDAs or cellphones with 
LookPoint capabilities, by attaching an IR tag to the 
device and installing appropriate client software. 

CONCLUSIONS 
We presented LookPoint, a system that uses eye tracking 
to route manual input between multiple computers. 
LookPoint allows for quick context switches, currently 
between up to three computing systems, without requiring 
multiple sets of input devices. The system determines 
which monitor the user is looking at using an eye tracker 
mounted below the center screen. We evaluated the use of 
eye input for switching between three monitors during a 
typing task and compared its performance with that of 
three other techniques: multiple keyboards, function key 
selection, and mouse selection of the monitor. Results 
show that the use of eye input is 111% faster than the 
mouse, 75% faster than function keys, and 37% faster 
than the use of multiple keyboards.  Users also preferred 
the use of eye input for switching between devices over 
manual techniques. 
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