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ABSTRACT 
One of the problems with notification appliances is that 
they can be distracting when providing information not of 
immediate interest to the user.  In this paper, we present 
AuraOrb, an ambient notification appliance that deploys 
progressive turn taking techniques to minimize 
notification disruptions. AuraOrb uses social awareness 
cues, such as eye contact to detect user interest in an 
initially ambient light notification.  Once detected, it 
displays a text message with a notification heading visible 
from 360 degrees.  Touching the orb causes the 
associated message to be displayed on the user’s 
computer screen. When user interest is lost, AuraOrb 
automatically reverts back to its idle state.   

We performed an initial evaluation of AuraOrb’s 
functionality using a set of heuristics tailored to ambient 
displays. We compared progressive notification with the 
use of persistent ticker tape notifications and Outlook 
Express system tray messages for notifying the user of 
incoming emails. Results of our evaluation suggest that 
progressive turn taking techniques allowed AuraOrb users 
to access notification headings with minimal impact on 
their focus task.  
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INTRODUCTION 
One of the problems in today’s workplace is that users are 
all too often distracted by incoming notifications of 
emails, phone calls and system status messages (Gibbs, 
2005). Although users currently have a one-to-many 
relationship with the ubiquitously connected devices that 
surround them, device dialogue design is still based on a 
one-to-one relationship with the user.  Consequently, each 
device tries to dominate user attention without taking into 
account the demands of other devices, tasks or people.   
This behavior leads to frequent inappropriate notifications 
that may disrupt the primary task focus of the user.   

Rather than modeling notification behavior of devices on 
a one-to-one relationship with the user, the paradigm of 
Attentive User Interfaces (AUI) (Vertegaal, 2003) 
proposes that we use the turn taking techniques employed 
by humans in conversation as a design metaphor.  In 
multi-party conversations, humans use social cues such as 
eye gaze to decide when they should speak or be silent 
(Vertegaal et al., 2001).  The ensuing turn taking process 
ensures that each listener can dedicate their full attention 
to a current speaker.  Eye contact is one of the chief 
nonverbal cues through which humans manage 
conversation.  As a nonverbal visual signal, it negotiates 
attention without interfering with the primary 
communication task. We believe negotiation of 
interactions with groups of computers could follow a 
similar pattern. Sensing of user attention allows 
notification devices to determine whether the user is 
actually interested in a notification before deciding to 
move into the foreground.  This idea is called progressive 
turn taking, and is a primary means for achieving the goal 
of AUI: an optimal distribution of user attention across 
multiple tasks.   

BACKGROUND AND MOTIVATION 
One of the key design aspects of Ubiquitous Computers, 
as introduced by Weiser, was the notion of Calm 
Computing (Weiser, 1991). According to Weiser, calm 
computers are computers that provide information 
without distracting a user from a primary task.  Calm 
computers may achieve this through the use of peripheral 

 

OZCHI 2006, November 20-24, 2006, Sydney, Australia. 
Copyright the author(s) and CHISIG 
Additional copies are available at the ACM Digital Library 
(http://portal.acm.org/dl.cfm) or ordered from the CHISIG secretary 
(secretary@chisig.org) 
OZCHI 2006 Proceedings ISBN: 1-59593-545-2 
 

 

Figure 1: AuraOrb with Eye Contact Sensors and 
Embedded Phidgets Touch Sensor (Phidgets Inc., 2005). 
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display channels, channels that allow users to absorb 
information in parallel to their primary task (Weiser, 
1998).  Although we have now moved to a world in 
which computing devices are ubiquitous, most of these 
devices are not designed to be calm.  This is because 
computers are binary machines, making it difficult for 
them to move fluently from an ambient to a foreground 
state and back.  In general, most computers are ill 
equipped to detect user interest in their communications. 
One of the first papers to address the design of Calm 
Computing was ambientRoom (Ishii et al., 1998). One of 
the important design criteria for ambientRoom was to 
allow users to absorb information parallel to a focus task, 
by deploying visual and auditory channels low in 
symbolic content.  For example, the lighting system in the 
ambientRoom was designed to simulate the sun’s pattern 
of illumination, so as to subtly indicate time of day.  A 
wall-mounted clock in the ambientRoom allowed users to 
verify the exact time of day through a foreground 
symbolic display. 

Ambient OrbTM (Ambient Devices, 2005), which uses 
gradual changes in color to notify the user of information, 
was one of the first commercially available ambient 
notification devices. Although it has an aesthetically 
pleasing design that conveys information in a non-
disruptive manner, the limited output of the display 
prevents any foreground interactions. 

A notification display that provides foreground 
interactions is the Scope (van Dantzich et al., 2002). 
Scope displays multiple notifications using a radar-like 
visualization window. The radar is initially displayed at 
the bottom right corner of the user’s desktop. When the 
user moves their cursor onto the Scope, the window 
doubles in size, and moves to the foreground, allowing 
access for more detailed information.   

Similar in design to the Scope, InfoCanvas is a peripheral 
information window able to present data from multiple 
sources of notification (Miller et al., 2001).  Users are 
able to monitor data through pictorial representations 
displayed in the periphery of the users’ work area.  One 
of the design goals for InfoCanvas was to convey 
information in an artistic way, thus reducing the 
obtrusiveness of associated notifications.  For example, 
users can monitor incoming emails by having their 
friends’ faces appear on the canvas.  Initially, the user 
would notice a change in the display through their 
peripheral vision. However, one glance at the display 
would allow them to determine the sender of the email. 
There has been relatively little work exploring the large 
design space that lies between ambient and foreground 
information display. One exploration of this space was 
LumiTouch (Chang et al., 2001), a pair of picture frames 
used to indicate remote presence.  Through the use of 
proximity and touch sensors as well as LEDs that indicate 
status, the frames were able to transition between ambient 
and foreground states depending on the level of 
interaction with the device. 

Another example of a device that bridges the dichotomy 
between ambient and foreground display is the CareNet 

Display (Consolvo et al., 2005), which was inspired by 
the Digital Family Portrait (Mynatt et al., 2001).  CareNet 
uses a digital picture frame to convey the status of an 
elderly person to a caretaker. In the system, icons painted 
around a picture of the person indicate the status of the 
person on a number of health and other parameters.  
Touch sensors integrated into the display allowed 
caretakers to examine information in more detail through 
foreground interactions. 

Observations for Progressive Notification Design 
Based on the literature, we can identify a number of 
observations that can be used to inform the design of 
ambient notification displays. 

Observation 1: Visual Interest as a Measure for Cost of 
Interruption 
According to Matthews et al. (Matthews et al., 2004), 
there are three key issues in the effective operation of 
ambient notification devices: a) choosing the appropriate 
level of abstraction for displayed information, b) 
choosing the appropriate level of notification, and c) 
using information transitions to signal requests.  The 
findings of McCrickard and Chewar (McCrickard et al., 
2003) indicate that the choice of notification level very 
much depends on the action required upon notification.  
Notifications that require an immediate user response 
may require foreground alerts, while notifications that 
keep the user informed of general patterns in data should 
stay in the background.  According to Horvitz (Horivitz et 
al., 2003), choosing a level of notification in such a way 
that it corresponds to the perceived urgency of a message 
may require a large amount of reasoning about the 
context and content of the message. Additionally, 
Adamczyk and Bailey (Adamczyk et al., 2004) found that 
the timing of interruptions is important in reducing the 
disruptive effects notification delivery can have on task 
performance.  

A key benefit of sensing user interest in a notification 
display is that it allows for an interactive measure of the 
cost of an interruption to the user. 

Observation 2: The Eye as an Ambient Information Filter 
It is interesting to note that in many ambient and 
peripheral displays, the looking behavior of users 
functions as a means to move from background to 
foreground, fluidly altering the resolution and abstraction 
level of the perceived information between eye 
movements. This is because the resolution of the retina is 
not uniformly distributed, with visual acuity dropping off 
considerably beyond 2 degrees from the visual axis. For 
example, when users are not looking directly at the wall 
clock in ambientRoom, it acts only as a placeholder for 
information. Its symbolic information is effectively 
rendered invisible. The sensitivity of the retina to 
movement is inversely correlated with visual acuity, with 
peripheral vision being more sensitive to movement. This 
means any moving or flickering display can be annoying 
when used as a source of ambient information. 
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By sensing when the user is looking for symbolic 
information and when not, users may move effortlessly 
between ambient and foreground modes of display.  

Observation 3: Gaze Signals Communication 
When multiple devices surround the user, deciding which 
device should take the floor and communicate with the 
user is a difficult problem Bellotti et al. presented a 
framework for the design of sensing systems (Bellotti et 
al., 2002), where they identify a number of common 
problems with notification devices. For example, when 
using multiple notification devices, it is difficult to 
determine which device the user is addressing, and how 
the attended device should respond.  By sensing directly 
when the user is attending to a notification device, we 
may improve coordination of notifications among 
multiple devices in a way that disambiguates the target of 
user attention.  This behavior would mimic the use of eye 
gaze as a turn taking signal in human group conversation. 
Eye gaze is one the few nonverbal cues that cross-
culturally indicate interest.  In four-person conversations, 
the looking behavior of an individual predicts with about 
80% accuracy to whom that individual is listening or 
speaking (Vertegaal et al., 2001).   

Observation 4: Smooth Negotiation of Communication 
Humans are able to negotiate their communications with 
great subtlety, through awareness of their surroundings 
and by picking up on social cues.  The following scenario 
helps illustrate how non-verbal cues can be used to open 
channels of communication:  

 “Jeff is in his office, having a phone conversation with 
his wife. Jeff left his office door open to signal to others 
he is available for communications. Alex walks up to 
Jeff’s office to ask him an urgent question. Alex could 
interpret the open door as an invitation to interfere with 
the ongoing phone conversation. However, he has a 
number of progressive signals at his disposal to signal his 
request.  First, Alex positions himself such that Jeff can 
see him. Proximity and body movement peripherally 
indicate the urgency of his message without the use of 
verbal interruption. This allows Jeff to establish the 
urgency of Alex’s message, and wait for a suitable 
moment in the phone conversation to grant the 
interruption. A brief glance by Jeff at Alex may signal 
unavailability. Sustained eye contact from Jeff serves as 
an invitation to Alex to take the floor. Should Jeff decide 
to ignore Alex’s request for attention, Alex may choose to 
move out of Jeff’s visual field, thus withdrawing his 
interruption request.”  

The subtlety of the above interaction pattern is typically 
lost when interacting with computing devices.  The 
scenario serves as a metaphor that inspired our design of 
AuraOrb. 

AURAORB DESIGN PRINCIPLES 
We envisioned AuraOrb as a social appliance (Gibbs, 
2005), an ambient notification device that uses 
information about user interest to determine its 
notification strategy.  Informed by the above 

observations, we identified the following design 
principles that helped guide the development of AuraOrb: 

Avoid Foreground Display  
When a user is engaged with a foreground display 
conducting a primary task, that display should not be used 
to provide a visual notification, if that notification does 
not lead to immediate action (McCrickard et al., 2003).  
By providing notifications over an ambient channel in the 
periphery of user attention, the user is allowed to 
determine his or her priorities: continue the main task 
without visual interference on the primary display, or 
attend to the notification request.    

Sense User Interest Across Devices  
To determine user interest in the information they 
provide, peripheral devices should sense when they are 
being attended to (Mamuji et al., 2003).  By sharing this 
information among devices, disruptive notifications can 
be kept to a minimum.  This was first employed in 
EyePliances (Shell et al., 2003).  This social behavior 
among devices is important, as Iqbal and Bailey 
determined that users are less annoyed when systems time 
their interruptions appropriately (Iqbal et al., 2005). 

Negotiate User Attention 
As Fogarty et al. have shown, the use of sensors can 
support intelligent negotiation of interruptions, which can 
aid in avoiding task disruptions (Fogarty et al., 2005). By 
moving into the foreground only when user interest is 
detected, AuraOrb can fluently go from background to 
foreground styles of display.  To avoid disrupting the 
user, we also believe that devices should stay in the 
background as much as possible, even when this means 
the opportunity for notification may be lost.    

INTERACTING WITH AURAORB 
AuraOrb is connected to EyeReason (Shell et al., 2004), a 
personal communications monitor that keeps track of all 
interactions between its owner and her computing 
devices.  User attention for a focus device is tracked by 
having all devices within the user’s scope report the status 
of their embedded eye contact sensor.   

Alternatively, devices may report engagement upon 
detection of user presence or input.  Because EyeReason 
knows which devices the user owns, it can determine the 
identity of an onlooker simply by correlating patterns of 
eye contact across the devices.  When a user is logged 
into his workstation, this is reported to his EyeReason 
server. When the user looks at this workstation’s display, 
this is also reported to his EyeReason server.  When a 
user’s AuraOrb subsequently reports eye contact, 
EyeReason checks to verify whether eye contact was 
simultaneously lost with owner’s workstation display, 
thus establishing access rights to the information 
displayed on the orb. The following scenario illustrates 
AuraOrb’s functionality and progressive notification 
levels: ambient, semi-foreground and foreground. 
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User Kyle is writing an article using a word processor on 
his desktop workstation. Kyle has configured his 
AuraOrb to notify him of incoming messages. Figure 2a 
shows how Kyle’s workstation display is augmented with 
an eye contact sensor. This allows Kyle’s personal 
EyeReason server to determine when he is engaged with 
his primary display. When an email arrives, EyeReason 
notices that the primary display is occupied. AuraOrb 
immediately lights up. Kyle sees the light appear in his 
peripheral vision but does not yet shift his attention to the 
orb. AuraOrb maintains a steady glow. When he looks at 
the orb, it instantly displays the subject and sender of the 
email (Figure 2b). He notices the email is from his 
mother and decides to read it. Touching the orb causes 
EyeReason to open a message window in the foreground 
on Kyle’s workstation, and return the orb to an idle state. 

AuraOrb handles multiple incoming notifications in the 
following way.  Upon the arrival of the first notification 
the orb begins to glow.  As more notifications arrive, the 
orb maintains its ambient glow.  When the user makes 
eye contact with the orb, it immediately shows the 
number of messages that are queued.  After a brief delay 
the first notification header is shown.  AuraOrb allows the 
user to step through notifications much like an answering  

machine.  While the header of the notification is being 
shown, the user can double tap the orb to show that 
notification on his primary screen.  Conversely, if the 
user wants to skip the notification, all that is required is a 
single tap on the orb. 

AURAORB IMPLEMENTATION 
AuraOrb was designed around a modified Olympia 
Infoglobe OL3000 caller ID device (Wave, 2005).  We 
augmented the Olympia Infoglobe with eye contact 
sensors and touch sensors that allow AuraOrb to detect 
varying levels of user interest. 

Eye Contact Sensors 
Mounted on the top of the AuraOrb are two eye contact 
sensors (ECS) (Shell et al., 2003) that are capable of 
detecting eye contact from a distance of up to 1 meter 
(Figure 3). A computer vision algorithm is used to 
examine images produced from a camera augmented with 
infrared LEDs. The software looks for a corneal glint in 
the center of the pupil, which indicates eye contact. 

Visual Output 
AuraOrb has two display modalities: an ambient glow 
and a ticker tape text display. 

The inside of the Infoglobe was coated with a reflective 
paint.  This paint is transparent under normal lighting 
conditions, but glows when illuminated.  A circular cold 
cathode light mounted on the inside of the globe produces 
light.  The ambient light is controlled via a Phidget 
(Phidgets Inc., 2005) relay switch.   

The Olympia Infoglobe provides a 36-character display 
visible from any angle. This display appears to float 
within the globe.  This is achieved through the 
phenomenon of persistence of vision:  a rapidly spinning 
disk within the globe paints the text using an array of 8 
LEDs mounted on opposite ends.  The text that is 
displayed is controlled through a Caller ID interface that 
will be discussed later in this section. 

Touch Sensor 
To allow AuraOrb to detect foreground interactions, we 
also integrated a capacitive touch sensor Phidget in the 
body of the orb.  To detect touch through the plastic globe 

 

Figure 2a: AuraOrb displaying ambient notification in user’s 
periphery using colored light. 

 

Figure 3: Eye Contact Sensor with on-axis and off-axis LEDs. 

 

Figure 2b: Upon eye contact, AuraOrb displays the header of 
the message on its tickertape display. 
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we secured strands of thin copper wire along the inside 
perimeter.  This copper wire was soldered to the touch 
sensor board.   

Caller ID Interface 
We took advantage of the textual Caller ID display built 
into the Olympia Infoglobe.  The MDMF (Multiple Data 
Message Format) Caller ID format allows for both 
numbers and alphabetical characters to be sent over the 
phone line (MicroEngineering Labs, Inc., 2005).  We 
used an adapter that interfaces the speaker output of the 
desktop computer sound card to the phone line input of 
the Infoglobe.  Messages were formatted for display on 
the globe using software that allowed us to generate 
Caller ID format wave output (Whirlwind Software, 
2005).   

EVALUATION 
We conducted an initial heuristic evaluation that 
compared the progressive notification techniques used in 
AuraOrb to a scrolling tickertape notification, as well as 
to standard notifications provided by Microsoft Outlook 
Express. Our evaluation compared the following modes 
of operation: 

1. AuraOrb with progressive notification.  In this mode, 
AuraOrb operated according to our prior description.  
When a notification arrives, the Orb begins to glow. 
The header of the notification is displayed upon user 
eye contact.  To access a message associated with the 
notification, the user double taps the Orb.  This 
causes the message to be displayed on their monitor. 

2. AuraOrb with continuous ticker tape scroll.  In this 
mode, we evaluated the use of the Orb as a persistent 
ticker tape device placed in the periphery of the 
user’s vision. Here, the Orb continually scrolled the 
number of unread notifications, much like the 
original InfoGlobe design (e.g., “2 New Messages”).  
When the user makes eye contact with the orb, the 
header of the first unread notification is displayed.  
The user further interacts with the orb as described in 
the first mode of operation. 

3. Outlook Express with system tray notification.  We 
evaluated the use of standard Outlook Express 
notifications as our base line condition.  We used the 
system tray icon for visual notifications of incoming 
messages, disabling auditory notifications.  When 
new email arrived a small icon appeared in the 
system tray in the bottom right hand corner of the 
participant’s screen.  The participant either clicked 
on this icon or on the Outlook Express tab in the task 
bar to bring up the email program. 

Participants 
Eight participants were recruited for the heuristic 
evaluation.  Ages ranged from 23 to 35, all male.  Three 
of the participants were usability experts.  Two of the 
experts had 2 years experience and one of the experts had 
over 8 years of experience.  The remaining five 
evaluators were graduate students in Human Computer 
Interaction with previous experience in heuristic 
evaluation.   

Heuristics Used 
Heuristic evaluation is a low cost and informal way to 
identify usability problems in a product at nearly any 
point in the development cycle.  The criteria identified by 
Nielsen are applicable to many areas of product design 
(Nielsen et al., 1990). However, Mankoff et al. found that 
some of the heuristics were ill-suited to ambient display 
evaluation (Mankoff et al., 2003).  They proposed a 
modified set of heuristics that were tailored to ambient 
displays.  In a comparison of their heuristics to Nielsen’s, 
results demonstrated that evaluators were able to find 
more problems with the modified set of heuristics.  As 
well, their research showed that by using their modified 
set of heuristics, a small number of evaluators were able 
to find a large proportion of problems.  In our evaluation 
of AuraOrb we used the modified 12 heuristics listed in 
Mankoff et al.’s paper.  

Procedure 
For the purpose of the evaluation a single AuraOrb was 
positioned within arm’s reach next to a 17” screen 
displaying an email client.    Prior to the test, participants 
were asked to familiarize themselves with the heuristics. 
A brief demonstration of each modality of use was 
provided.  Participants were then walked through typical 
usage scenarios of the two Orb designs as well as the 
Outlook Express client. We used a Latin square to 
determine the order in which the conditions were 
provided to the evaluators. After the evaluation was 
completed, evaluators were asked to rank the severity of 
the usability problems found on a 5-point scale. They 
were then given a questionnaire with the following open-
ended questions: 

1. Which notification method had the lowest cost of 
interruption? 

2. Which method signaled the arrival of a notification 
most efficiently? 

3. Which notification method allowed the fastest 
response? 

4. Which notification method allowed for the most 
convenient access to more detailed information? 

5. Which notification method did you prefer? Why? 

Task 
Each evaluator was allowed to spend as much time with 
each notification method as they felt necessary. To 
simulate a focus task, evaluators were asked to type the 
contents of an arbitrary newspaper clipping into a word 
processor presented on the main screen. The email client 
was not visible during this task, as it was minimized in 
the task bar. Participants were sent email notifications 
that interrupted their task.  Emails consisted of messages 
relevant to the task, mixed with junk mail.  We sent 
individual emails as well as batches of emails that 
simulated a sequence of notifications. 

RESULTS 

AuraOrb with Progressive Notification 
For progressive notifications with AuraOrb, the majority 
of the usability problems identified were ranked not very 
severe and centered around obvious hardware limitations 
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of the device.  For example, participants noted that emails 
containing a long subject header were truncated on the 
orb display.  While they were still able to use this 
information to decide whether to read the associated 
message, participants felt this violated the “Sufficient 
information design” heuristic.  We can attribute this 
problem to the limited number of characters supported by 
the InfoGlobe hardware. 

Another problem was that upon the arrival of a 
notification, the Orb went from its idle state to ambient 
light notification rather suddenly.  This transition was 
distracting and violated the heuristic “Peripherality of 
display”.  Our prototype UV cold cathode tube could not 
be dimmed to provide a smooth transition.  Some users 
commented that the level of illumination was too bright, 
which violates the “Aesthetic and pleasing design” 
heuristic. 

AuraOrb with Continuous Ticker Tape Scroll 
This method of notification was considered the most 
detrimental by all evaluators.  The two major problems 
identified were a lack of “Visibility of system status” and 
“Peripherality of display”.  Because the orb continually 
displayed the number of notifications on its ticker tape, 
users commented that they had to continually monitor the 
orb to stay aware of the arrival of new information. This 
was because the display only updated the number of 
messages, that is, a single digit. Evaluators often 
commented that they felt like they would miss a 
notification if they did not repeatedly look at the orb. 

Many evaluators reported attentional problems with the 
constantly scrolling ticker tape display. They commented 
that it was always grabbing their attention, and required 
considerable cognitive effort to remain focused on the 
typing task.   

Some comments recorded were: 

“Ticker tape was the worst, it required constant 
monitoring to notice changes. I felt compelled to look at it 

regardless of pertinent information.  There was this 
automatic attraction to the bright moving text in the 
corner of my eye.” 

These results coincide with previous evaluations of 
notification displays, where continuously updating 
peripheral displays were found to be more distracting and 
disruptive to a user’s primary task (Maglio et al., 2000). 

Outlook Express 
There were also problems found with the Outlook 
Express system tray notification.  Many users missed the 
appearance of the new mail icon in the system tray, 
violating the “Visibility of state” heuristic.  This was 
rated as a very severe problem, as it caused most 
evaluators to miss the arrival of new emails. 
Another usability problem was the difficulty with which 
users acquired more information about the notification 
heading. Participants did not want to switch from the 
primary word processing task to the email program to 
find out the subject heading. 

General AuraOrb Comments 
Some evaluators noted that they did not like that the 
email could not be displayed on the notification device 
itself. Additionally, when multiple notifications were 
queued up, evaluators did not enjoy having to go through 
each message in sequence.  One benefit of using the 
Outlook Express inbox is that users are provided with an 
overview of all the new emails. Overall, however, 
participants enjoyed using AuraOrb with progressive 
notifications, as the eye contact sensing afforded the 
ability to display headings without having to switch tasks 
or use the mouse or keyboard.  One user emphasized this 
when discussing the seamless transition between 
information states: 

”I liked that information was there when I looked at it, as 
opposed to loading or switching to the email client.” 

When asked which notification method they would 

 AuraOrb 
Progressive 
Notification 

AuraOrb 
Tickertape 

Outlook 
Express 

AuraOrb + Outlook 
Express 

Notification method with the 
lowest cost of interruption. 5 0 3 0 

Most efficient signal of a 
notification arrival. 7 0 1 0 

Which notification method 
allowed for fastest response? 4 0 4 0 

Which notification method 
allowed for most convenient 
access to more detailed 
information? 

6 0 2 0 

Which notification method 
did you prefer? 5 0 1 2 

TOTAL 27 0 11 2 

Table 1: Results from questionnaire.  Cells indicate number of users preferring a device category. 
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prefer, one user commented: 

“I preferred AuraOrb’s ambient notification because:
 - it was clearly visible in the periphery  
 - There was no need to periodically check it 
 - Status change was very obvious” 

Table 1 shows the results from the questionnaire.  The 
results favored the AuraOrb with progressive 
notifications.  An interesting result is that when asked 
which notification method allowed for the fastest 
response to new notifications, half of the participants 
chose AuraOrb, while the other half chose Outlook 
Express.  User comments indicated that in cases with a 
small number of emails, a quick glance at the orb 
provided the fastest response.  As soon as the number of 
unanswered notifications increased, some evaluators 
preferred the parallel nature of the Outlook Express email 
client, which displays all new emails after double-
clicking the tray icon.   

With regards to the convenience of accessing more 
detailed information, 6 of the 8 evaluators preferred the 
progressive disclosure that the eye contact and touch 
sensors provided.  They commented that they liked only 
having to bring up the email message on the primary 
display after reading the header on the orb, thereby 
knowing that the message would be relevant.  
Conversely, to access more detailed information with 
Outlook Express, the user must bring the email client to 
the foreground on the primary display, which may disrupt 
their primary task.  However, one evaluator pointed out 
that if the new emails were of importance, the email client 
would already be open, and ready to display additional 
information. 

In terms of which notification method they preferred 
overall, AuraOrb with progressive notification was 
selected five times, two people selected a combination of 
that and the Outlook Express tray icon, one evaluator 
would solely use the tray icon. 

DISCUSSION 
Results of our evaluation generally suggest that 
progressive turn taking techniques allowed AuraOrb users 
to access notification headings with minimal impact on 
their focus task.   In this section, we will discuss some of 
the benefits and shortfalls of the evaluated interfaces, 
using our observations as a guideline. 

Observation 1: Visual Interest as a Measure for Cost of 
Interruption 
While our evaluations were not focused on establishing 
the actual cost of interruption, it appears most evaluators 
were positive about the use of eye contact sensing as a 
lightweight means for establishing the importance of a 
notification. Eye contact sensing appeared to reduce the 
cost of interruption by removing the need for manual 
actions to disclose information about a notification 
heading. While the continuous ticker tape provided the 
same information upon eye contact, it increased the 
perceived total cost of interruption by being continuously 
active.  As for Outlook Express, system tray notification 
icons required manual action by users to ascertain the 

importance of a message. This increased the apparent cost 
of the interruption. 

Observation 2: The Eye as an Ambient Information Filter 
Our results indicate that the use of a continuous tickertape 
display for notifications may be detrimental to user focus, 
because this type of display attracts attention through 
movement in peripheral vision. This is particularly true 
for the kind of ticker tape display deployed in the 
InfoGlobe, which features an extremely low refresh rate. 
It appears the tickertape in AuraOrb is useful only when 
the user is already looking at the device. Another issue 
with the ticker tape display is that, due to the limited 
resolution of peripheral vision, minor updates of the 
display may go unnoticed. The same problem occurred 
with the Outlook Express interface, most likely because 
the icons deployed for system tray notifications were too 
small. The use of eye contact sensing to detect when users 
are looking at its display gives AuraOrb the ability to 
adjust the resolution of its display according to that of the 
user’s vision. One evaluator noted that the use of ambient 
light notification allows users to see notifications from a 
distance. At large distances, the resolution of the human 
retina does not allow for users to distinguish between 
textual notifications. 

Observation 3: Gaze Signals Communication 
Although our ticker tape condition displayed notification 
headings only upon eye contact, it appears our evaluators 
did not perceive this transition as a change in the state of 
their communications with the device. AuraOrb’s use of 
progressive notification upon eye contact seemed to fit 
well with evaluator expectations of the use of gaze as a 
signal for opening communications. 

Observation 4: Smooth Negotiation of Communication 
While AuraOrb’s progressive notification strategy 
seemed to fit the idea of smooth negotiation of attention, 
as found in face-to-face communications, it did not 
handle multiple simultaneous notifications appropriately. 
This is because the sequential handling of multiple 
notifications intervenes with the process of progressively 
negotiating user attention. Users were required to skip 
through notifications manually to determine their 
appropriateness, making this interface worse than the 
parallel views of message headings provided by Outlook 
Express. 

Handling of multiple notifications could be improved by 
sorting notifications based on user-defined priorities. 
Alternatively, multiple orbs could be deployed for 
different types of notifications. For example, one orb 
could be configured to notify the user of incoming emails, 
while another orb could notify the user of stock price 
changes. A third orb could notify the user if their items on 
eBay are outbid.  In this manner, the user can be notified 
of changes from multiple sources without the need for 
manual interactions.  

CONCLUSION 
In this paper, we presented AuraOrb, an ambient 
notification display that deploys progressive turn taking 
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techniques through social awareness cues.  AuraOrb uses 
an eye contact sensor to detect user interest in an initially 
ambient light display. When eye contact is detected, 
AuraOrb displays the subject heading of the notification.  
Touching the orb causes the associated message to be 
displayed on the user's last attended computer screen. 
When user interest is lost, AuraOrb automatically reverts 
back to its idle state. We conducted an initial heuristic 
evaluation that compared AuraOrb’s progressive 
notification techniques to a scrolling ticker tape display 
and a GUI system tray email notification.  Almost all 
evaluators preferred using AuraOrb to handle their 
notifications.  They commented that the fluid transition to 
additional information upon eye contact allowed them to 
more quickly evaluate whether to accept or ignore the 
notification.  We believe the use of progressive turn 
taking techniques may lead to more sociable and less 
disruptive notification strategies that are similar to those 
deployed in human group conversations 
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