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Figure 1: Visual interface of DataHalo: (a) DataHalo integrated with the smartphone home screen. Each app has its own halo
visualization that extends a conventional app notification badge; (a-b) explanation of the side-lighting visualization. A dot
on the left side in (a) provides users with a visual guidance for the unsighted notifications on the left home screen pages.
Navigating to the left page, users can discover another halo activated; (c) entrance to the halo design interface triggered by
a long touch; and (d-g) example halos with their source apps. Each graphical mark corresponds to a notification. For each
designated app, users can customize data, mapping, and encoding rules for distinct marks.

ABSTRACT

People struggle with the overflow of smartphone notifications but
often face two challenges: (1) prioritizing the informative notifica-
tions as they wish and (2) retaining the delivered information as
long as they want to utilize it. In this paper, we present DataHalo,
a customizable notification visualization system that represents no-
tifications as prolonged ambient visualizations on the home screen.
DataHalo supports keyword-based filtering and categorization, and
draws graphical marks based on time-varying importance model
to enable longitudinal interaction with the notifications. We eval-
uated DataHalo through a usability study (N = 17), from which
we improved the interface. We then conducted a three-week de-
ployment study (N = 12) to assess how people use DataHalo in
their domestic contexts. Our study revealed that people generated
various visualization settings for different kinds of apps. Drawing
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on both quantitative and qualitative findings, we discussed impli-
cations for supporting effective notification management through
customizable ambient visualizations.
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1 INTRODUCTION

People receive tremendous and diverse app notifications on their
smartphones [9, 35]. However, modern smartphone operating sys-
tems have two main limitations in managing these notifications:
First, people cannot prioritize the notifications from the same app
according to how informative they are. For instance, it is challeng-
ing to filter out annoying notifications (e.g., advertisements) while
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maintaining only the informative ones sent from a messenger app.
Second, it is limited to utilize the information delivered by noti ca-
tions according tovhen it becomes the most valuable for toemow
long its informative value retain¥he content on the noti cation
does not change throughout the lifespan (from post to removal),
even though its importance may change over time. For example,
a reminder noti cation of a meeting registered in a calendar app
becomes more important until the schedule starts. However, the
noti cation irreversibly disappears after a single tapping, forcing
usersto ndworkarounds if they need to access its information for a
duration (e.qg., leaving the noti cation untouched in the noti cation
drawer).

Prior work on noti cation management 1, 29, 33 34, 45 has
focused on deterring unnecessary ones or delaying them until the
user's opportune moment. Although their approach has success-
fully alleviated user distraction, it eventually limited the timeliness
of noti cation as a side-e ect. Moreover, few highlighted the ne-
cessity of providing a better conveyance method that makes the
information more bene cial to the user's context. We point out
(1) determining which noti cation is necessary should be more
personalized, (2) delivering how the informative value changes can
complement the loss of timeliness due to the delayed noti cation
attendance, and (3) providing the enhanced information should be
compatible with the acceptable level of user distraction.
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results suggested that DataHalo helped actualize the participants'
diverse needs for better modeling, expressing, and consuming noti-
cation information. They agreed on the improved satisfaction of
daily noti cation management and expected the DataHalo features
to be accessible in their smartphone environment soon. Moreover,
we analyzed patterns in the participants' DataHalo usage from three
perspectives: (1) customization over time, (2) their design strate-
gies to embody the personalized ambience, and (3) noti cation
logs a ected by halos. We discussed the importance of supporting
smartphone users to reach their sweet spot of the user noti cation
interaction. We also suggested possible ways to improve the cus-
tomization support for the future noti cation system. Our core con-
tributions are: (1) we designed and implemented DataHalo, the rst
ambient noti cation visualization system that enables smartphone
users to model, express, and consume the durational information
with a ordable user-distraction; (2) we evaluated DataHalo through
usability and eld deployment studies to understand how end-users
achieve the satisfying user noti cation interaction using DataHalo

in the lab and in natural environment.

2 RELATED WORK

In this section, we cover the related work in the areas of (1) noti -
cation delivery mechanisms to minimize distraction, (2) supporting

To address these limitations, we designed and developed Data- longitudinal interactions with noti cations, and (3) visualizing per-

Halo (Figure 1), an Android home screen launcher embedded with
ne-grained personalization capabilities of modeling and repre-
senting smartphone noti cations. Regarding information modeling,
people can de ne categorization rules for noti cations from an app
and how the importance of each category changes over time. For

sonal data on ambient displays.

2.1 Noti cation Delivery Mechanisms to
Minimize Distraction

example, they can separate the daily messages from a messengeiThe HCI community put intensive e ort to collect and under-
into multiple categories (e.g., the business contact and the message stand smartphone noti cationsd.f, Noti cationLog [46]). A rich

from one's beloved) and simply assign unique importance patterns body of research has pointed out the negative aspects of noti ca-
(e.g., which reaches the highest peak before the user attendancetions, particularly interrupting people's daily activities and causing
but decays fast afterwards or whose importance sustains for sev- stress [L6 23 31, 35 36 47. For example, Kushlev and colleagues
eral hours after the attendance). In terms of representation, people found that interruptions caused by smartphone noti cations could

can createambient visualizationf3§, calledhalg which extends
the current noti cation badges on the home screen. It incorpo-
rates animated graphical marks around an app icon to help people
e ectively glimpse the comprehensive noti cation status for the

trigger higher levels of inattention and hyperactivity of people,
which harms their mental well-being1d. The HCI and UbiComp
communities have explored ways to alleviate interruption and dis-
traction primarily by delivering (1) only relevant noti cations (2)

app (e.g., a heart pictograph for the message from one's beloved, a at opportune moments. For example, there exist a line of research
siren pictograph for the business contact). They can further specify to understand people's mental modal on the relevance of noti ca-
haloto be more expressive by customizing the visual channels of tions [1, 24 41, 47]. Shirazi and colleagues found that smartphone

the mark (i.e., size, position, color and animation) based on their
acceptable level of distraction. As a result, people can conserve
the timeliness of noti cations without delaying or deterring them
and grasp the noti cations more coherently and persistently while
making user-distraction controllable.

We evaluated DataHalo through a usability study & 17) fol-
lowed by a deployment study# = 12). From the usability study,
we learned that participants could create personalized halos by
understanding the core concepts of the dynamic importance and
visualization construction. In addition, they positively responded
to DataHalo's exible con guration features. After addressing us-
ability issues based on the feedback from the usability study, we
conducted a three-week deployment study where participants in-
stalled and used DataHalo on their smartphones in the wild. The

users assess the importance of noti cations by the category of the
source app, the topic of the content, and the sender that triggered a
noti cation (e.g., system, self, and family memberdg}l]. As a result

of their in-situ study, Weber and colleague4T] pointed out that the
substantial portion of daily noti cations was not important (38.91%)
and not urgent (51.75%) for smartphone users. Users' assessment
of noti cation was discrepant with the system-side priority, carved
by app providers. Lin and colleagues also utilized people's rating
of noti cation in four dimensions importance, urgency, sender at-
tractiveness, and content attractiveness to analyze the seven types
of noti cation attendance they suggeste@4l]. The highly-rated
noti cations tended to be handled faster than others regardless of
the system-provided display order of noti cations. These works call
for a ne-grained and personalized approach for determining the
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relevance of individual noti cations, even from a single app. How- ready to consume it. Weber and colleagues explored how people
ever, major smartphone operating systems rarely support ltering  snooze noti cations when provided with extended operations (e.g.,

out unnecessary noti cations based on their content because users snooze for time duration or snooze until speci ¢ time points)4

can suppress noti cations as a whole, by an app, or by a channel and reported that it was necessary to provide personalized options
that an app developer prede ned. that tindividuals' contexts and behaviors.

Another line of research explored ways to deliver noti cations Previous works revealed the smartphone users' desire beyond
at opportune moments to be interrupted. Do Not Disturb isthe the one-o interaction and the desire could be diverse based on
one primitive and straightforward method to specify when it individual users' smartphone environments (e.g., installed apps and
the opportune moment. Some systems incorporated automated pre- their usages). However, to the best of our knowledge, few studies
diction mechanisms for opportune moments. For example, Social further explored what the speci ¢ scenarios are and how these
Context-Aware smartphone Noti cation System (SCAN) delays no- scenarios could di er among people. Hence, we aimed to inquire
ti cations depending on the person's social context (e.g., presence about the day-to-day scenarios from people and understand what
of others) B3. Mehrotra and colleagues proposed a data-driven kinds of support they need. We also contemplated a novel method

mechanism for classifying noti cations and delivering them at
opportune moments based on the content of the noti cation and
other contextual information such as location and surrounding
sound R9. The authors further extended the mechanism into a
semi-automated noti cation control system called PrefMiner [28],
which presents the data-driven rules in a human-readable form and
allows people to manipulate them. Pielot and colleagues explored a
machine learning approach to predict the opportune moment for
engaging with a noti cation with a hundreds of features covering
the data about the users and their contex®4. Cadvar and col-

with which individuals can personalize the duration they reach
informative noti cations.

2.3 Visualizing Personal Data on Ambient

Displays
Following the notion of calm computing, which utilizes the pe-
riphery of user-attention to convey information4g, researchers
have incorporatechmbientdisplays to visualize personal data in
a longitudinal and less disruptive manneg§ 27, 3§. Such am-

leagues analyzed and modeled the association between the mobile bient visualization systems maintain information on a glanceable

app usage and the users' work load in a o ce setting][to study
their responsiveness to a break-reminder noti cation. However,
one common limitation of these systems is that the content on the
deferred noti cations is likely outdated because it is not updated
since the noti cation was originally generated.

2.2 Supporting Longitudinal Interactions with
Noti cations

Smartphone noti cations are often designed to be instant and
ephemeral: Once a person taps on a noti cation to run the source
app, it is discarded from the noti cation drawer/list. On the other
hand, research has shown that people often interact with noti-
cations in an opposed way. For example, Pielot and colleagues
analyzed people's attendance to noti cations by capturing the tran-

spot such as screen corners on the desktop (e.g., screen fiife [
phone screen background (e.g., sleep-related activigggphysical
activity [6 8]), smart wearable (e.g., physical activityd), physical
environment (e.g., auditory activity datalfj), or dedicated devices
other than ones for main tasks (e.g., a clock-like object visualiz-
ing time schedulesd0, 21], a LCD display in the bedroomil[, a
mobile system visualizing the communication via multiple smart-
phones [22]).

Unlike traditional information visualizations such as charts, am-
bient visualizations tend to involve abstract and artistic expressions
to deliver the subtle change of data in an aesthetically pleasing
manner 6 3§. For example, Kandinsky systerdJ] was inspired
by the abstract art of Kandinsky to visualize the text data like email.
Skog and colleagues' worldf] was inspired by the abstract art of
Mondrian to visualize the bus arrival information. Ubi t Garden

sition over the interaction stages (shown, seen, checked, consumed,visualized various aspects of physical activity using owers and

and removed) over timeJ7]. They reported that not all seen or
checked noti cations are immediately consumed (i.e., tapping) or
removed, and participants showed di erent patterns depending
on the source app. Some people deliberately keep speci ¢ noti -
cations on a drawer to leverage them (or badges on an app icon)
as visual remindersZ4. However, people often lose noti cations
by unintentionally tapping on the list or the “dismiss all' button.
In this vein, we see numerous mobile apps that enable people to
review past noti cations, such as Noti cation History B2, which

was downloaded over ve million times from Google Play Store.
Weber and colleagues found that managing the history of dismissed
noti cations could relieve the user's anxiety of losing important
noti cations due to careless actions [45].

People als@nooze noti cation when they want to be noti ed
again later. However, the snoozing feature of both Android and
iOS allows people to set only a xed time interval; people often
repetitively snooze a noti cation for a short term until they are

insects in a virtual garden on the phone screeh 8. Similarly,
Info-Lotus visualized email noti cations as decorative owers on a
peripheral region of the desktop screen [50].

This work expands the line of research in the ambient visual-
ization of personal data in two dimensions. First, DataHalo is the
rst ambient visualization system for smartphone noti cations. We
leverage the smartphone's home screen, particularly the surround-
ing region of each app icon, for visualizing noti cations encoded to
the animated symbols (i.e., graphical marks). By doing so, we aimed
to facilitate people to quickly get the comprehensive status of the
noti cations of the apps of interest without manually browsing the
noti cation drawers. Second, DataHalo enables people to customize
the visual encoding between the graphical marks and various as-
pects of noti cations. Through a series of usability and deployment
studies, we aimed to empirically understand people's design per-
spectives, which has been pointed out by Huang et &4 gs an
important design challenge of personal data visualization.
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3 DATAHALO

To enable ne-grained control over incoming noti cations, we de-
signed and developed DataHalo, a noti cation visualization system
that represents noti cations as ambient visualizations based on
user-de ned rules. In this section, we describe our design rationale
and the DataHalo app along with the implementation details.

3.1 Design Rationales

DR1: Support personalized categorization of noti cations. Prior
literature suggests that people have individualized assessment on
the relevance of noti cations 1, 24 41], which is not well supported

by existing smartphone operating systems. As such, we aimed to
allow people to categorize noti cations based on the intrinsic in-
formation. In addition, considering the diversity of mobile apg3,[

the categorization method should be applicable to any apps. As a
result, we enabled people to de ne categorization rules by an app,
based on keywords in the textual information of the noti cation
(e.g., sender and content).

DR2: Support longitudinal interactions with noti cations.
Although the existing noti cation drawers (usually) dismiss a noti-
cation upon attendance, prior literature suggests that attendance
proceeds longitudinally and people often want to retain noti ca-
tions even after attendancefl, 37, 45. As such, we allowed people
to customize how long the noti cations should be accessible and
how the relevance of the information should change by elapsed
time and user interaction, which we call the “importance model' as
awhole. Because the Android system did not allow much exibility
on the design of noti cation drawers for developers, we incorpo-
rated dedicated “Noti cation History' views inside a companion
app where people can access past noti cations regardless of the
status of the noti cation drawer.

To e ectively display noti cations according to the importance
model, we incorporated ambient visualization on the home screen
by representing each noti cation as graphical marks (See Figure 1).
With marks, we can visualize the varying importance of a noti ca-
tion through visual properties such as color and size. We chose the
home screen as an ambient display for two main reasons: (1) We
can display the graphical marks for noti cations in close proximity
to icon of the source app; and (2) app icons tend to be arranged
according to the frequency of the attendance so the noti cation
visualizations for frequently used apps are likely to be exposed
more pre-attentively.

DR3: Facilitate lay individuals to customize the visual encod-

ing. Our target audience is the general public who uses smartphones
and might not be familiar with information visualization. Therefore,
we followed the bottom-up, or constructive design paradigf],

in which (1) an individual data item is assigned to a unit graphi-
cal mark without aggregation, (2) the user-de ned visual grammar
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would not be many considering the average number of daily noti -
cations §1. In addition, we enabled people to choose the marks
that can best depict the paired noti cation category. For example,
one can assign a heart icon for noti cations regarding messages
from their signi cant other. By allowing personalized visual encod-
ing, we expected people to easily catch the comprehensive trend of
the current noti cations at a glimpse.

3.2 System Components

We built DataHalo upon Rootless Pixel Launchdd], an open-
source launcher on Android that allows us to customize the home
screen. The DataHalo system consists of two main components:
(1) A halo con guration page that can be accessed via a context
menu (See Figure 1c) of the installed app icons either on the home
screen or the app drawer and (2) halo visualizations on the home
screen. Inits back-end, DataHalo includes (1) a new data structure of
enhanced noti cations and its periodic update logic, (2) an enhanced
noti cation manager based on Androidlloti cationListenerService
and (3) a manager of usersalodesign speci cations.

3.2.1 Halo Configuratiorkigure 2 describes the pipeline for halo
con guration of an app (in this case, Kakaotalk, a messenger app
that is widely used in South Korea). Here, people can con gure halo
visualizations for the app by de ning categorization rules, impor-
tance model, and visual encoding. TNeti cations tab (Figure 2a,
top) lists the noti cations that are currently being manged by Data-
Halo, regardless of their status on the noti cation drawer, in the
order of their current importance. On thé€ilters tab (Figure 2b,
top), people can de ne a global lIter for noti cations that they
want to see as halos (DR1). For example, people may lIter out noti-
cations for advertisement messages, which are likely to include an
[AD] pre x in their text, by adding AD to the “Block-List' (See
Figure 2b); the noti cations Itered out do not a ect the visual-
ization pipeline. On theNoti cation Categories tab (Figure 2c,
top), people can de ne&irtual categories with keyword-based rules
applied to the textual information of noti cations (e.g., sender, title,
and content; DR1). According to these categorization rules, Data-
Halo automatically categorizes the incoming noti cations of the
app. The noti cations unhandled by the categories people created
belong to a special virtual category, Remainder . For each virtual
category, people can assign independent importance model and
visual encoding. On thémportance Models tab (Figure 2d, top),
people can de ne how the importance of the noti cation should
change over time, before and after people attend it (i.e., tap on the
noti cation; DR2). First, people can set theitial importance
between 0.0 and 1.0 and th&rget importance to pursue until
attendance. They can set the duration for the pursuit before atten-
dance to the noti cation ( Before attendance in Figure 2d, top) and
if the noti cation is not attended after the importance reaches the
target, the importance value remains the same. Second, people can
set thesaturation importance and the duration for the pursuit
after attendance to the noti cation ( After attendance in Figure 2d,

speci es the presentation of marks, and (3) the marks are assembled top). Once people attend the noti cation, its importance moves to

based on user-de ned rules to construct the nal visual representa-
tion. This bottom-up approach is known to be more accessible to
lay individuals [3(. We mapped each noti cation element with a
mark, assuming that the number of marks around each source app

the saturation value for the duration. Since the initial delivery, a
noti cation persists in the (DataHalo) system for tHéespan dura-
tion people set. By default, the importance model behaves identical
to the ordinary noti cation; the importance value does not change
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Figure 2: The main tabs of the halo con guration page (top) and the underlying pipeline of the visualization construction
(bottom).

until the attendanceifitial importance =target importance =0.3); a shape of the graphical mark, people can choose one from a set
it disappears just after the attendancefget importance = 0.0). of icons, upload a custom image, or use a text for the name of the
For novice users, we included a set of preset importance models, category. For animation, people can combine four types of looped
based on the implications from the usability study (Section 4.5).  animations (blink, scale, rotate, jitter) to make the mark more at-
tractive. Beside setting a constant value for the properties, people
3.2.2 Halo Visualizatiofcach noti cation that passed the global can encode importance, a ratio of elapsed time since delivery to
Iter (See Figure 2b) is represented as a graphical mark around lifespan, and a binary status of attendance to any of color, anima-
the source app icon on the home screen (DR2, DR3). People cantion, and size. For example, one can con gure a graphical mark for
con gure how marks will look for each virtual category and encode  depicting a visual metaphor of sunrise; its color changes from red
importance/time variables or constants to visual properties of the  to yellow over time; its distance from the center becomes greater as
mark. The system sorts the noti cations by importance and draw  importance increases. For novice users, we included a set of preset
them in clockwise order, starting from the top. If people do not  graphical marks with the visual encoding con gured, based on the
customize the visual encoding of the virtual category, its default implications from the usability study (Section 4.5).
graphical mark is a static gray circle (See the mark of the Remainder  The discoverability of the halo visualization could be sub-optimal
category in Figure 2d and e). as users cannot easily glance at the visualization if it is not located
On theVisual Speci cations tab (Figure 2e, top), people can  on the rst page of the home screen. To overcome this problem, we
con gure the visual encoding of each virtual category (DR3). Data- introduced a side-lighting visualization (Figure 1a-b). Each graph-
Halo supports modi cation of ve visual properties: (1) shape, (2) ical mark provides a navigational cue that one or more activated
color, (3) animation, (4) size, and (5) distance from the center. As
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halos exist if the user moves along the designated direction. Its
brightness is proportional to the sum of the existing informative
values of the activated halos along the direction.

3.3 Interacting with DataHalo

Here we describe DataHalo's interactions with a usage scenario
of Han, a graduate student who wants to better manage text mes-
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4 USABILITY STUDY

To assess the feasibility of the personalization features provided by
DataHalo and identify usability issues, we conducted a usability
study. The study was approved by the institutional review board.

4.1 Study Procedure

At the beginning of each session, we conducted a semi-structured
interview asking about participants' usual patterns and strategies of

sages, from a messenger app called KakaoTalk, regarding important (1) con guring noti cation feedback, (2) dealing with noti cations

notices from his laboratory and his advisor. Han receives about a
hundred of noti cations per day from KakaoTalk, about incoming
messages from friends and group chat rooms. Not to be distracted,
Han has sustained the smartphone noti cation feedback silent for
most of the day and checked the smartphone for about every 2-3
hours. Skimming a pile of noti cations, Han often dismissed them
in bulk by tapping dismiss all in the noti cation drawer. Mean-
while, Han occasionally dismissed and forgot important or urgent

stacked in the status bar, and (3) managing app icons on the home
screen. The interview took about ve to ten minutes.

After a short introduction of DataHalo, we installed the Data-
Halo launcher on participants' smartphones and had a ten-minute
tutorial. In the tutorial, we provided them with a short material
describing the interface and example usages of DataHalo. We then
proceeded to twdhalo design task@ask 1 and task 2). For each
task, participants designed an alternative noti cation method of a

messages about his research and school. Hence, Han runs DataHaloselected app by re ecting on their daily inconveniences. For task 1,

to manage the KakaoTalk noti cations by emphasizing ones related
to his school. In particular, he wants to easily distinguish the lab
notices from other KakaoTalk messages, and maintain them for
several hours as a visual reminder even if he dismisses the noti ca-
tions on the drawer by mistake.

De ning Global Filter and Virtual Category. Han long-presses
the KakaoTalk icon on the home screen and opens the Halo Con-
guration page via a context menu. He rst con gures a global
Iter to exclude unnecessary advertisement spams (Figure 2b). To
separate noti cation regarding his school, Han decides to capture
the direct messages from his advisor and ones from the group chat
room with his colleagues. On thBoti cation Categories tab, he
adds a new virtual category named Lab Notices and appends two
keywords, Prof.X, his advisor's name, and Lab Announcement,
the name of the group chat room (Figure 2c).

Importance Modeling. Now Han turns to the importance mod-
eling for the Lab Notices category. He wants to retain the halos
as low importance, but for a long period even after he attends the
noti cations. Han opens thdmportance Models tab and sets the
lifespan to be3 hourswhich is longer than the usual period that he
checks his phone (Figure 2d). To keep the low importance through-
out the lifespan, Han sets both thaitial andtarget importance

to be 0.5, but theaturation importance to be 0.2 as he wants to
lower the importance after he checks the noti cation.

Visual Encoding. To con gure visual encoding for the category,
Han opens theVisual Speci cation tab. He rst sets theshape of
the symbol to be dest tubecon, indicating a laboratory. To make
the symbol noticeable, he con gures ttewlor to gradually changes
from yellowto red over time, and assignsink animation to be
played until attendance. Finally, Han encodes therent importance
valueto the distance from the center of app so that the symbol

participants chose their most frequently used messenger because
messenger apps are the most signi cant source of noti cations
smartphone users receive. For task 2, participants freely chose any
other app freely. During the task, we encouraged participants to
think aloud; they were also free to ask questions or request technical
support. We also recommended that they try all the customization
capabilities to collect holistic feedback.

After completing the tasks, we had a ten-minute interview cov-
ering (1) participants' strategies to set up satisfying halos and (2)
suggestions to improve the usability of DataHalo. The whole pro-
cess took about an hour. We rewarded participants with 10,000 KRW
(equivalent to 8.50 USD). We audio-recorded both the interviews
and the design tasks, logged their halo settings during the design
task, and collected the System Usability Scale (SUS).

4.2 Participants

From a local university, we recruited 17 participants (U01 17; 4
women and 13 men) who have used smartphones for at least a
year and are currently using Android smartphones with version
8.0 Oreo or later. We employed opportunity sampling by recruiting
participants through an online forum for university students and
faculty members. All participants were undergraduate or graduate
students in their 20-30s.

4.3 Analysis

Two researchers transcribed the audio recordings from the inter-
views and the halo design tasks. We then categorized participants'
responses in terms of the following topics: (1) the usefulness of
DataHalo, (2) the assessment on the halo representation, and (3) the
feedback about the customization capabilities. Based on the topics,
we investigated 32 completed halo settings (Task 1: 17, Task 2: 15;
we excluded two because of incomplete logging) that illustrated
how participants categorized noti cations, modeled the importance,
mapped data variables to visual channels, and encoded graphical

would move closer to the app icon as the importance decreases. The marks of the halo visualization for a selected app; we utilized the re-

resulting appearance of Han's halos for KakaoTalk and its dynamic
change based on the visual encoding is described in Figure 3.

sults to triangulate the interview ndings. We graded the collected
SUS data according to the traditional school grade [2].
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(a) The halo visualization Han created.
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(b) The change of graphical mark by time and Han's attendance.

Figure 3: Han's halo visualization and its change based on visual encoding.

4.4 Result
4.4.1 App Selection & Virtual Category Creatiarthe rst halo

however, she expressed her desire to reactivate more app noti ca-
tions on DataHalo. On the other hand, they expressed the fatigue of

design task of a messenger app, 15 out of 17 participants chose €N guration from scratch. (_:ompart_ad to editing virtual categ_ories,
KakaoTalk, and the rest (U03, U09) chose the default text messag-they struggled with con guring the importance model and visual
ing app. They thought of diverse virtual categories that curated €ncoding, which needed the support of the experimenter.

communication with people of interest (e.g., family, one's beloved,
advisor, personal tness trainer) and that subscribed to their topic
of interest (e.g., lab meeting, payment & shipping information of
product, a favorite sports team). In the second task, they chose

4.5 Implications and Design Improvements

Despite the promising results from the usability study, we thought
it would be crucial to relieve the user's customization fatigue not

apps from 10 distinct categories: secondary messenger, email, S015 demotivate usage of DataHalo in the wild. We improved the

cial media, nancing, video streaming, movie ticketing, language
learning, food delivery, game, and paid survey. We elaborated on
all the virtual categories authored during the second task with the
reason for creation in Appendix A.

4.4.2 Visual Design of Graphical Markgjure 4 presents examples
of the haloscreated by participants. Participants were motivated
to combine multiple visual properties to create desired graphical
marks. Shape and color were the most popular properties they cus-
tomized. Pictograph was the most preferred option to encode the
shape of a graphical mark; the provided icon set was broad and
attractive enough to delineate their intention. U16 worried that
images (e.g., portraits of her intimates) or text might easily expose
the noti cation content to somebody in reduced-privacy situations
such as shoulder sur ng. When choosing the color, participants
considered the followings: (1) to highlight the urgency of informa-
tion, (2) to tell apart distinct virtual categories quickly, and (3) to
re ect their color tastes.

4.4.3 Usefulness of DataHalo & Customization Fatigasici-
pants' reactions to DataHalo were generally positive. The average
SUS of DataHalo was in the range of OK and GOOD. After usage,
they all agreed that DataHalo could successfully support their de-
mand for personalized noti cation management for various apps. In
addition, the exibility of DataHalo also encouraged participants to
rethink the value of previously ignored noti cations. For example,
U09 had deactivated most app noti cations except phone calls and
text messages since she felt overwhelmed by unnecessary noti ca-
tions. After completing her design task for the food delivery app,

customization ow of the importance model (Figure 5a) and visual
setting (Figure 5b) of a virtual category by modifying prede ned or
user-created examples. First, we added a set of prede ned examples
for importance models and visual encodings to alleviate the burden
of initial customization. People could quickly start customization by
choosing an exemplar importance model and visual setting from the
gallery. After completing the customization, people could choose
to register the results to the gallery. Then, they can easily reuse
these new presets when customizing other virtual categories across
di erent apps.

5 DEPLOYMENT STUDY

With the improved interface, we conducted a eld deployment
study to explore the commonalities and di erences among peo-
ple's personalization strategies for better noti cation management,
emerging in the real-world context. The study was approved by the
institutional review board.

5.1 Study Design

Pre-study session.We met each participant on Zoom. We rst
conducted a semi-structured interview inquiring about daily ex-
periences related to noti cations. The questions were identical to
those of the pre-study interview of our usability study. Participants
then had an exercise of designing a halo for the KakaoTalk app
where they (1) created a virtual category to manage the study an-
nouncements from the experimenter, (2) set an importance model,
and (3) speci ed a visual setting of a graphical mark. Finally, they
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Figure 4: Examples of app halos created by participants during the usability study. In the end of each halo design task, we
captured the preview from the halo con guration page.

(a) The ow of importance modeling (b) The ow of visual encoding

Figure 5: Customization of the importance model and visual encoding by example.

responded to the set of apps that they currently planned to manage Debrie ng. After three weeks of usage, participants had an exit
halo during the usage. session for about an hour. We asked participants about (1) the expe-

Deployment. Participants immediately started using DataHalo. For rience of using DataHalo's capab!lltles of managing nofi catlor_ws,
the following 3 weeks, we communicated with participants via (2) halo design goals and strategies for the apps they customized.

the 1-to-1 chat room of KakaoTalk. Participants were free to ask We also coIIected_ the System Usa_b|||ty _Scal_e_ (SUS)and a 7-p9|nt
Likert scale questionnaire (Appendix B) inquiring the user experi-

ence of noti cation management before and after using DataHalo.
Both the feasibility of core capabilities and their in uence on im-
proving the experience of noti cation management were positively
assessed. We rewarded them 50,000 KRW (equivalent to 44 USD)
for their complete participation. If participants hoped to continue
using DataHalo launcher, they could voluntarily use more.

guestions or request technical support. We sent announcements
such as app updates and weekly summaries of their DataHalo usage.
The content of the weekly summary consisted of (1) an initial
usage plan summarized from the participants' pre-study interview
responses, (2) a list of apps for which they currently manage halo,
(3) the most frequently edited halo, and (4) the accumulated number
of app noti cations in uenced by their halo settings; we sent three

in total per participant. If some participants did not utilize DataHalo
since they received the last week's summary, we added a sentence,5.2  Participants

Do you satisfy with the current settings of DataHalo? If not, how \we employed opportunity sampling by recruiting participants through
about creating a neWaloor adjusting the existing halos for better  the two most active online communities for students and alumni of
noti cation management?o the summary of this week. a local university. We advertised our study with an introductory
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material. The requirements were primarily identical to those of
the formative lab study, except for additional conditions: (1) they

should be available for a video conference and (2) we log the us-

age of DataHalo and the part of the information from their daily
noti cations (speci ed in Section 5.3).

Eighteen people initially applied, and four withdrew during the
pre-study session; one dropped because of the compatibility issue

with the open source launcher, and the rest resigned because three

weeks were too long for them to participate. We also screened
out two applicants because they did not utilize DataHalo during
the deployment despite our additional reminders. Of the nal 12
participants (six males and six females; we call them P01-P12 in the
following), 11 participants were in their 20s, and one was in her 40s.

Seven participants were undergraduate students, 4 were graduate

students, and 1 was a full-time employee. They utilized ten di erent
Android smartphones from two manufacturers (9 Samsung models
and a single Xiaomi model); the distribution was consistent with
the market share of Android smartphones in South Korea, where
Samsung occupied 91%(. We sent 2-3 messages per week to each
of them, including the announcements and the weekly summaries.
After completing participation, four participants (P02, P03, P05,
P07) hoped to continue using DataHalo. We monitored their extra
usage for about three more weeks.

5.3 Technical Speci cation of Remote Study
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outside participants' smartphones. DataHalo sent a stack of halo
setting logs and noti cation logs to Firebase Realtime Database
(RTDB) [12] hourly.

5.4 Data Analysis

We analyzed transcriptions of the pre and post-study interviews,
halo setting logs, and noti cation logs. In the following, we elabo-
rated on our analytic approach in detail.

5.4.1 Data Preprocessiige transcribed the responses of the
semi-structured interview. Regarding the interview of the pre-study
session, we grouped the transcriptions according to the topics de-
scribing their current noti cation management: (1) ltering, (2)
feedback setting, (3) attending, and (4) accessing information in a
longitudinal manner. We also categorized the responses about the
current home screen management: app shortcuts and their layout.

Regarding the interview of the post-study session, we summa-
rized the transcriptions into a table that listed the participants'
considerations during each app halo customization from the fol-
lowing perspectives: (1) their high-level motivation of app choice,
(2) noti cation ltering & categorization, (3) importance modeling,
and (4) visual encoding; we named the tablehado design table
in the following. The table consisted of 91 cases of app halos; it
included 205 design scenarios of the graphical mark applied to each
virtual category.

Regarding the collected halo setting logs, we reconstructed the

Both pre- and post-study sessions were video conferences remotely temporal events of DataHalo customization; we denoted the data

held through Zoom and recorded for interview analysis. We uti-
lized Android TeamViewer QuickSupport app for screen sharing
and remote technical support. During the deployment, we used the
open chat feature of KakaoTalk to communicate with participants;
it did not require any personal information and was easily accessi-
ble for most South Koreans. We o ered participants an exclusive
invitation to install DataHalo via Firebase App Tester for Android.
They could receive noti cations about app updates and install the
latest version from the tool. We monitored the app distribution
from the Firebase console and kept participants up to date with
DataHalo; we contacted them if they did not install the necessary
update. There were ve updates to improve (1) app crashes reported
by Firebase Crashlytics, (2) device compatibility issues regarding
the screen resolution & aspect ratio, and (3) log transfers during
the bad data connection (e.g., ight mode).

To understand (1) how participants utilized DataHalo and (2)
how the usage a ected their interaction with daily noti cations,
we loggedhalo setting logs andnoti cation logs . The halo set-
ting log, the latest con guration of a halo of an app, consisted of
(1) virtual categories and their keyword elements, (2) parameter
settings of user-de ned importance models, and (3) visual encoding
results of user-de ned visual settings. A noti cation log was gener-
ated when it ended its informative lifespan based on its importance
model. Each noti cation log included information about (1) the
identi cation of the virtual category (e.g., user-id, app name, virtual
category label), (2) Android noti cation channel (e.g., channel name
and system importance), and (3) user interaction (e.g., post time,
interaction time, the system ag about the reason of noti cation
removal, and lifespan). We did not log and transmit the sensitive
part of noti cation contents (e.qg., title, subtitle, text, and image)

ashalo customization events in the following. Halo customiza-
tion events consisted of following properties: (fgrticipant_id (2)
timestamp (3)target_app(4)app_categorprovided by Google Play
Store, and (5) the halo con guration at that time.

Regarding the collected noti cation logs, we rst applied the
following lters to obtain the noti cations of interest with which
participants actually interacted.

(1) Filter out the noti cations from the Android system (e.qg.,
charging state)

(2) Filter out the noti cations not clearable by users (e.g., media
control of music/video players accessible in the noti cation
drawer)

(3) Filter out the noti cations not removed by users (e.g., a
summary noti cation of unread messages in KakaoTalk; it
repeats post and removal by app whenever the number of
unread messages changes.)

Among the lItered noti cations of interest, we separated ones from
the apps for which participants managed custom halos; we named
these noti cations ashalo noti cations in the following.

5.4.2 App-Level Customization Analybisst, we aimed to under-
stand the participants' DataHalo usage in app level: choice of apps
and customization over time. We labeled the halo customization
events based on (1) customization type (i.e., creation or edit) and (2)
weeks (i.e., rst week, second week, third week, and extra weeks).
We then investigated halo creation and edits over time by app cate-
gory and participant. Finally, we reviewed the adjacent edit events
and the halo design table to understand why participants repeatedly
edited app halos over time.
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5.4.3 Virtual Category-Level Design Analysext, we aimed to similar features, comfortable area for touch, and aesthetics) also
understand the design motivations and choices underlying partici- in uenced their home screen layout. Participants eventually placed
pants' halo designs. Because the virtual category was the unit of some useful apps on the subsequent pages, and they thought the
noti cation management in DataHalo, we drilled down into virtual badges of these apps were less e ective; they could not glimpse the
category-level analysis. The analysis proceeded in two steps. First, badges immediately.

we derived the high-levetiesign motivations . We analyzed 205

graphical mark design scenarios in the halo design table referring 6.2 App-level Usage of DataHalo

to (1) our design considerations, (2) the major ndings from the us-

ability study, (3) user noti cation interaction patterns summarized

from the interview results of the pre-study session, and (4) design
dimensions or evaluation criteria of ambient information visual-
ization [25 27, 3§. Next, we derived participantstustomization
choices regarding these motivations. We reviewed the last halo
customization events of 91 app halos, which included the nal con-
guration of 205 virtual categories. For each virtual category, we
compared the corresponding motivation described in halo design
table with the relevant part of the halo con guration; we validated

if the con guration could output the graphical mark that behaves

as participants described. If two data were consistent, we labeled

the pair of description and con guration. we iteratively re ned and
grouped similar labels, and named the nal set of labels as choices. (1) Communication (24): KakaoTalk (12; instant messaging
app), Messages (6), etc.

(2) Social (15): Instagram (5; social media), Between (2; rela-
tionship app for couple), EveryTime (2; community app for
university students), etc.

(3) Productivity (10): Calendar (5), Email (3), etc.

(4) Entertainment (7): KakaoPage (3; web comic & novel ser-
vice), Net ix (2; video-on-demand service), etc.

6.2.1 Overvievin total, participants managed 91 halos of 55 di er-
ent Android apps from 19 app categories provided by Google Play
Store (Figure 6a). On average, participants have created 7.58 app
halos €8== 3»<4380= 7<0G= 15. After the creation, partici-
pants edited their app halos 188 times in total. They edited the app
halos 15.67 times on average8€ = 5<4380= 14%<0G = 33
during the usage (Figure 6b). The edit count per app halo was 2.07
times on average<@== 0»<4380= 1.<0G= 18). 51 out of 91 app
halos have been edited by participants at least one additional time
after creation; these apps covered 14 out of 19 categories.

The major categories, where the number of the created app halos
was more than ve, included the following apps.

5.4.4 Halo Notification Analysig/e also aimed to understand the
similarities and di erences between the virtual categories made by
participants the noti cation channels carved by app providers. We
rstinvestigated the volume of halo noti cations by participant and
app category. We then compared (1) the category and (2) the impor-
tance of noti cation carved by the system (i.e., noti cation channel
and channel importance of the Android System) to those de ned by
participants (i.e., virtual category and user-de ned importance). ~ The communication category accounted for 61% (114) of total ed-

its, and KakaoTalk (94) mainly contributed to the result. Partici-
6 RESULT pants edited KakaoTalk 7.83 times on averag@~= 2. <4380=

In this section, we start with a brief summary of the conventional 7+<0G= 18
user noti cation interaction before using DataHalo. Next, we present
the result of analysis on (1) app-level usage, (2) virtual category-
level design, and (3) halo noti cations. Finally, we report the usabil-
ity of DataHalo and its contribution to a better user experience of
noti cation management.

6.2.2 Halo Creations & Edits over Weékgerall, halo creation and
edits decreased in a di erent pattern over time. Most participants
completed the creation of halos during the rst two weeks. Of the
91 app halos, participants created 67% (61) in the rstweek, 24% (22)
in the second week, and 8% (7) in the third week. The rest, 1% (1),
6 Notication Management and Atiendance  Secued dung the exva usageofourparoparts The ruroer

before Using DataHalo than that of creation. Of the 188 edit events, 46% (87) occurred in
Most participants (9 out of 12) have struggled to control the volume  the rst week of usage, 26% (49) in the seconds week, and 22% (42)
of app noti cations. They decided to disable the advertisements jn the third week; the rest 5% (10) occurred during the extra usage.
when installing an app or block all the noti cations of some apps  Figure 6b supports the di erence. Five participants (P02, P03, P04,
(e.g., messengers, social apps) later in the usage. To avoid beingpog, and P10) completed halo creation in the rst week but con-
distracted, most (except PO1) preferred less noticeable feedback (i.e.tinyed editing afterward. P02 and P03 had consistently edited app
vibration or Silence) over the sound as a default feedback method halos of messenger, emaiL and webtoon services even during the
regardless of their spatial or eventual context. It led participants voluntary extra usage to adjust the change. Their primary reason
to frequently attend a stacked list of noti cations in the drawer for the ed|t was to new|y create the Virtua| Ca’[egory orre ne the

when they visited the smartphone home screen. Most (except P08) existing ones because new communication partners or webtoons
frequently experienced the need to access some notices for alonger of interest appeared.

duration when attending noti cations. They kept the noti cation

untouched in the drawer or manually duplicated the content using 6.2.3 Halo Edits for New Notifications of Inter&sirticipants be-
other services (e.g., calendars, image capture). Most participants came constantly motivated to manage noti cations of new interests
(except P11) preferred to locate the frequently used app shortcuts within an app halo; the motivation originated from themselves (e.g.,
on the rst page of the home screen, where they could access the PO03's need to curate messages from her intimates) or their surround-
apps quickly. Other criteria (e.g., proximity among the apps with  ings (e.g., P11's need for a subscription to the con rmed COVID-19
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(a) Halo creation and edit events by app category.

CHI 23, April 23 28, 2023, Hamburg, Germany

(b) Halo creation and edit events by participant.

Figure 6: Halo creation and edit events collected during the deployment. The color encodes the week the event occurred. We
aggregated the events according to app category provided by Google Play Store.

cases that occurred on campus). They either created a new vir- synonyms or indirect expressions so that the current keywords

tual category or expanded the keyword-based rules of the existing
ones to re ect the new interests; the choice depended on how de -
nite/ exible they conceptualized the virtual category. Participants
managed speci ¢ virtual categories because they could control
noti cations nely, especially using various graphical marks. For
example, P03 started with a virtual category for curating messenger
noti cations sent from a friend. Finding the customization helpful
and joyful, she created four new virtual categories by person and
assigned distinct images to them. On the other hand, participants
could also nish editing faster by adding new keywords to the
virtual category of broader concepts.

6.2.4 Halo Edits for Improvements for Current Catedranstici-
pants edited halos when they faced a critical but unseen noti cation
that the current category could not successfully classify. They ex-
perienced both the user-side and the app provider-side issues while
improving the keyword-based rules of their virtual categories.
When initially building a virtual category, participants skimmed
the recent app noti cations from the noti cation drawer or the
noti cation history in our halo con guration page. When the rele-
vant app noti cations users could reach were too small, the initial

keyword-based rules needed improvements to actualize their goal.

For the apps triggering noti cations frequently (e.g., messenger
app), participants could realize the problem and complement the
rules. However, P09, who created a virtual category that subscribed
to an irregularly updated podcast, needed a long time until she
received the new noti cation.

became quickly outdated.

We could observe a primitive use case where a participant utilized
the app-provided noti cation control method and DataHalo at the
same time. PO7 utilized the structured noti cation features provided
by his blog app; he could gure out what noti cations the app would
trigger easier than looking up the list of the received noti cations.
He disabled the unnecessary noti cations from the app-provided
menu and moved to halo customization. Because he thought all
the noti cations the app triggered were informative, he did not
create any virtual category and just edited the graphical mark of
the Remainder category. P09 also commented on unifying the app-
speci ¢ methods of Kakaotalk into the DataHalo interface. She
came up with the idea while Itering and categorizing diverse
noti cations, but did not take action; she felt the app-provided
features added another complexity.

6.2.5 Null Halo and Removal from Home ScrBarticipants dis-
abled halo visualization for 11 apps in total. They either hid all
the graphical marks in the halo con guration setting or removed
the halo from the home screen. As a result of the former approach,
participants got a null halo ; they chose it when app noti cations
were useless, but they wanted to use the app on the home screen.
For example, P08 set null halos for the app store, web browser,
gallery, and banking apps to maintain his home screen neatly. Par-
ticipants chose the latter when they decided not to use an app on
the home screen. For example, PO5 had become indi erent to the

P03 explained the advertisement cop issue caused by app provideraatching service provided by the dating app, so he blocked all the

while managing the keyword composition of virtual categories.
When she tried to subscribe to noti cations about the arrival of
new short pants for the fashion app, she found that her keywords
failed to hit these noti cations. Their noti cation text, colloquial ex-
pression written by a copywriter, changed frequently and utilized

noti cations and nally dropped the app from the home screen. P01
had removed the halo for the webtoon app, although subscriptions
she made were still valuable for her; she worried her halo visual-
ization, which highlighted the update for her favorite webtoons,
might disturb her concentration during the midterm period.
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