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ABSTRACT

Notifications provide crucial secondary information but can also
interrupt users and interfere with their primary tasks. Given the
increased usage of mobile devices and digital services, reducing
the adverse effects of notifications has become an essential research
challenge in the Human-Computer Interaction (HCI) field. The
Optical See-Through Head-Mounted Display (OST HMD, OHMD,
augmented-reality smart glasses) is an emerging mobile and wear-
able device platform that could potentially supplant the mobile phone
as a daily device companion. This work explores ways of minimiz-
ing the attention costs of OHMD notifications based on human
visual perception. We propose 1) the utilization of paracentral and
near-peripheral regions, 2) transforming text content into a graphical
format, and 3) altering the luminance of notification content when
displaying OHMD notifications. Each proposed OHMD notification
design was evaluated through a series of user studies. Our results
suggest that by modifying the information presentation of OHMD
notifications, users can obtain secondary information with less dis-
traction to primary tasks than with existing presentation techniques.
Finally, we suggest a three-step process to manage the attention
costs of OHMD notifications using multiple strategies.

Index Terms: [Human-centered computing]: Mixed / augmented
reality; [Human-centered computing]: Ubiquitous computing; [Vi-
sualization]: Empirical studies in visualization;

1 INTRODUCTION AND RELATED WORK

Despite the immense convenience offered by ubiquitous informa-
tion access [42], excessive information can distract and overwhelm
users [1, 33]. A typical mobile device user receives more than 60
notifications per day [49], while tech-savvy users like college stu-
dents receive over 400 [29]. Furthermore, most notifications are
attended to within a few minutes [43,49]. With the increasing use of
notifications on mobile platforms [5, 29, 49], the need to minimize
their attention costs has become paramount [2, 36–38].

Various strategies, including mediating strategies (i.e., deferring
notifications until the user is more receptive to them), indicating
strategies (i.e., indicating the availability of the receiving party to the
sending party), and mitigating strategies (i.e., changing the device or
presentation of the notifications to make them less distracting), have
been proposed to minimize the attention costs of notifications [2,32].
Of these, mitigating strategies allow timely notification, which can
be particularly useful if prompt attention is required.

The emerging platform of optical see-through head-mounted dis-
plays (OST HMDs, OHMDs, augmented-reality smart glasses) [17]
offers just-in-time information assistance anywhere and anytime
[15, 25, 46] with increased situational awareness [19, 21, 30, 41, 56].
For OHMDs, notifications often attract users’ attention, potentially
interrupting and distracting them from ongoing tasks [30, 34, 44, 48].
Various mitigating strategies have been explored to lessen these
adverse effects, including the use of visual regions, as shown in
Table 1.

Previous research has primarily focused on using peripheral vi-
sion to minimize distraction by offloading information from the
central vision [3,7,14,16,27,31,39,45]. However, this approach has
limitations as the peripheral vision has restricted information pro-
cessing capabilities (e.g., limited text recognition abilities) [24, 50].
Thus, our research aims to design notifications that effectively bal-
ance communication and minimize attention costs to primary tasks.

Table 1: A summary of some previous OHMD notification explorations.

Main Category Factor Description of the Factor Related work

Modality Multi Visual vs Auditory [6, 8, 9, 40]
Single Visual, Textual vs Graphical [30, 52]

Vision regions Peripheral vision Out of focus, Retinal variables (e.g., shape, color) [16, 31]
Central vision Central vs Peripheral presentation [3, 27]

Timing Timing Batches, Intermittent vs Continuous, Animations [40, 52]

Placement Position (Left, Center, Right)×(Top, Middle, Bottom) [4, 26, 47]
Stabilization Head-locked, Body-Locked, World-locked [11, 26, 28, 47]

Visual notifications directly influence visual attention as they are
presented directly in the near-eye displays of OHMDs. We aimed to
address this challenge by leveraging human visual perception, which
influences attention and associated costs [12, 13, 24, 51]. Successful
perception of visual information can be influenced by several fac-
tors, including the vision regions, patterns of the information, and
luminance contrast [54, Ch 6]. Thus, our research explores the use
of visual perception properties to design the presentation format
of OHMD notifications that maintain communication effectiveness
while minimizing distraction.

Visual Perception

Information receiver 
(eyes)

How to distribute notification 
content to engage different vision 

regions to minimize the attention 
costs of OHMD notifications?

Different visual regions have 
different perception capabilities

Information source 
(virtual content)

How to convert notification 
content to easily recognizable 
shapes to minimize the attention 

costs of OHMD notifications?

Form perception: shapes are 
easier to recognize than text

Information channel 
(light)

How to control the luminance 
of notification content to 

minimize the attention costs of 
OHMD notifications?

Luminance contrast affects visual 
perception

*Black background = Transparent

OHMD user OHMD notification

Figure 1: The research question structure shows how the visual per-
ception properties are used to answer the selected research questions
in the scope of visual OHMD notifications.

McCrickard et al. [34–37] developed a conceptual model, the IRC
framework (Figure 2), focusing on user goals to improve design deci-
sions for notification systems based on the attention-utility trade-off.
This descriptive and prescriptive model uses three crucial param-
eters: Interruption (I), Reaction (R), and Comprehension (C). As
this model can identify the differences between the expected design
model (i.e., expected parameters) and the actual user’s model (i.e.,
resulting parameters), we used this model to evaluate our proposed
notification designs.

2 STUDIES

In this work, we strive to answer the overarching research question:
How can we minimize the attention costs of visual OHMD notifica-
tions? We investigate this through the following focal question:

• How do we modify the information presentation of visual
OHMD notifications to minimize attention costs while main-
taining communicative effectiveness during multitasking?

As delineated in Figure 1, we examine multiple mitigating strategies
to harness visual perception properties in the design of OHMD
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Figure 2: Notification systems categorizations according to the blend
of design model objectives (representing user goals) of interruption (I),
reaction (R), and comprehension (C) with low (0) or high (1) values.
Source: McCrickard et al. [37].

notifications to minimize unwanted distractions. Visual perception
is affected by elements such as the information receiver (i.e., the
eyes), the information source (e.g., virtual content on OHMD), and
the information channel (i.e., light). We thus center our attention
on three primary factors impacting these elements: vision region
(receiver), form/pattern (source), and luminance (channel) [24,54,
Ch 6].

Our first project [20] examines the use of different vision re-
gions, especially paracentral and near-peripheral vision, to distribute
OHMD notification contents, thereby alleviating the information
load on central vision. The research question driving this exploration
is:

• How can we distribute notification content to engage differ-
ent vision regions to minimize the attention costs of OHMD
notifications?

To tackle this question, we developed a circular progress bar, an
OHMD progress notification displayed in the paracentral and near-
peripheral vision areas to convey time availability and task comple-
tion information during social interactions.

In the second project [23], we investigate the utility of form
perception property, considering that shapes are more readily rec-
ognizable than text [53], for OHMD notifications. This project is
steered by the research question:

• How do we convert notification content to easily recognizable
shapes to minimize the attention costs of OHMD notifications?

Addressing this question required us to study the usage of icons to
represent text notifications in a work environment, a topic that had
received limited attention in previous research.

Our third project [22] explores how adjustments in luminance [54,
Ch 3] can curtail the disruptive influence of abrupt visual stimuli
from OHMD notifications. This project revolves around the research
question:

• How can we control the luminance of notification content to
minimize the attention costs of OHMD notifications?

In response, we designed fading text notifications, where the light
intensity of the notification changes gradually, with the goal of
determining the ideal fading duration in a work setting.

To address each research question, we conducted controlled stud-
ies, specifically randomized controlled trials, approved by our uni-

versity’s institutional review board (IRB). Further details of these
studies are expounded in each respective paper [20, 22, 23].

3 RESULTS AND DISCUSSION

Each assessment revealed that our novel visualizations lessened In-
terruption, maintained Reaction and Comprehension, and increased
Satisfaction.

3.1 Distribution of Information Across Different Visual
Regions

This research used different visual perception regions, particularly
paracentral and near-peripheral vision, to distribute OHMD noti-
fication content during social interactions [20]. We proposed and
empirically evaluated new OHMD progress notifications designed to
utilize both paracentral and near-peripheral vision in simulated and
real-world environments. This evaluation allowed us to assess the
trade-off between notification design and social interaction quality.
Furthermore, our findings indicate that by presenting secondary in-
formation within the circular area of paracentral and near-peripheral
vision promotes attention-maintaining visualizations and reduces
attention costs. Based on these results, we also propose potential de-
signs for multitasking scenarios in OHMDs that utilize these vision
regions.

3.2 Conversion of Information to Easily Recognizable
Formats

We introduced a novel technique for minimizing the disturbance
caused by OHMD notifications by leveraging the visual perception
property that shapes are typically easier to identify than text [23].
Our empirical study demonstrates the feasibility and desirability of
converting text notifications into pictorial ones during multitasking
with OHMDs. We examined influential factors such as familiarity,
encoding density, and external brightness in the context of pictorial
notifications. An ecological study provided insights into the trade-
offs between text and pictorial notifications. Our findings indicate
that pictorial notifications effectively mitigate unwanted interrup-
tions from frequently received short notifications in both stationary
and mobile multitasking scenarios, thus enhancing attention man-
agement. These results imply that converting secondary information
into easily identifiable formats, like icons, in OHMDs minimizes
attention costs.

3.3 Gradual Presentation of Information
Our investigation also focused on examining the potential of con-
trolled luminance to reduce the disruption caused by the sudden
visual stimuli of OHMD notifications [22]. We conducted a compar-
ative analysis of fading animations and other common animations to
understand the role of luminance control in minimizing disruptions
from sudden visual stimuli in near-eye displays. Our results suggest
that fading animations can significantly reduce interruptions from
OHMD notifications, considering factors like fade duration, primary
task location, and primary task complexity. This implies that the
gradual presentation of notification content can reduce attention
costs associated with OHMD notifications.

3.4 Implications: Visual Perception and Attention Costs
These projects collectively aimed to address the principal research
question: How do we modify the information presentation of visual
OHMD notifications to minimize attention costs while maintaining
communicative effectiveness during multitasking? They have es-
tablished that efficiently distributing OHMD notification content
across different visual areas based on their importance, presenting
the information in easily recognizable formats (such as graphics
instead of text), and using gradual presentation techniques (like
fading animations) can facilitate a quicker return to primary tasks
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and help minimize attention costs related to visual OHMD noti-
fications. Moreover, these results collectively show that utilizing
visual perception properties enables the minimization of visual atten-
tion costs while preserving utility, particularly the communication
effectiveness of OHMD notifications.

However, we note that merely employing mitigation strategies
alone may not be enough to address the attention costs associated
with the plethora of daily notifications. Thus, we propose a three-step
process. The first step entails delivering only the “necessary” infor-
mation (e.g., critical notifications) to the user, which can be achieved
through compact representations (e.g., removing filler words) and
filtering strategies. Moreover, OHMD operating systems could de-
fault to opt out of notifications or require individual apps to seek
user permission during their initial use (e.g., [55]). The second step
involves employing mediation and scheduling strategies to present
information when users are most receptive, necessitating the mod-
eling of user receptivity in various contexts (e.g., [10]). Finally, as
explored in this study, the last step is to implement mitigation strate-
gies that reduce the attention cost of information by exploiting visual
perception properties and designing better-suited visualizations for
OHMDs. For more details, please refer to [18].

4 CONCLUSION AND FUTURE WORK

This paper undertook an effort to understand and optimize OHMD
notification presentation through three distinct projects. By leverag-
ing human visual perception properties, we investigated innovative
ways to decrease attention costs and enhance user experience. Future
work will explore different visual perception properties, combine
various modalities, evaluate OHMD notifications in real-world en-
vironments, and explore new application areas for OHMD notifica-
tions. We envision this research fostering further exploration and
advancements in heads-up computing [56], leading to more efficient
and user-friendly interactions with digital information.
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