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As smartphone notifications increase, so does the effort required to handle them effectively. Previous research has proposed
various notification management features, but empirical evidence regarding their efficacy remains sparse. In response, we
developed a notification management application incorporating features derived from prior studies, including both automatic
and manual sorting, categorization, and manual pinning. Utilizing a mixed-methods approach, we explored how users interact
with these features in their daily routines, with the aim to identify the underlying needs driving their usage. The results indicate
that pinning was the most valued feature, serving diverse purposes such as deferring notifications, ensuring quick and constant
access to information, preventing accidental deletions, and providing visual reminders. Conversely, manual categorization
was underutilized, with participants relying on automated categories for notification access. Moreover, participants expressed
a desire for automatic features to process and organize notifications based on topic and personalize them through user input.
They also expected automatic sorting to adapt more dynamically to user contexts.
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1 INTRODUCTION
The proliferation of mobile apps is generating an increasingly diverse array of notifications. This not only elevates
the potential for interruptions but also demands that smartphone interfaces and functionalities evolve to help
users efficiently identify relevant notifications based on their immediate needs [11, 28, 74] and handle notifications
that serve different roles [43]. However, while the disruptive nature of notifications has long been a primary
focus of research [13, 31, 35], typical solutions have involved either automatically identifying or allowing users
to designate suitable times for notification delivery [1, 9, 25, 49, 52, 54, 56, 57, 73].

In recent years, as the number and variety of notifications have grown, several studies have begun to investigate
how mobile users manage and organize notifications [4, 11, 41, 43, 54, 57, 59, 70, 73, 74], with some exploring
the usage of specific features [41, 54, 73]. These studies have highlighted diverse user actions such as immediate
reading and responding [41, 43, 57, 59], saving for later [43], snoozing [41, 54, 73], leaving unread [4, 11, 70, 74],
swiping off [41, 43, 70], or bulk removing without reading [41, 70, 74], reflecting the varying relevance, urgency,
and functionality of notifications. However, these findings also underscore that current notification interfaces are
still inadequate in supporting the varied roles of notifications, such as efficiently locating relevant notifications
for immediate needs [11, 43], deferring notifications to an unspecified later time [73], and organizing them
systematically [43]. In response to these limitations, new features have been proposed to enhance support for
these needs, including improved sorting [11, 43], categorizing [28, 74, 75], and pinning for deferred access [43],
assuming that these features could support users in handling the increasing array of notifications.

However, relatively few of the features that researchers have proposed to meet these divergent user needs have
been empirically evaluated and investigated. Thus, it remains unclear how users would utilize them to interact
with a diverse array of notifications, whether these features can support users in effectively and efficiently
handling notifications, what shortcomings exist, and how they can be improved to better meet user needs.
We regard these questions as crucial, both for industry practitioners making development decisions, and for
researchers deciding which proposed features merit further investigation.

Therefore, this study’s aim is to evaluate the three main types of features that prior research has proposed would
aid users’ smartphone-notification management: i.e., sorting [11, 43], categorizing [28, 74, 75], and pinning [43].
To help us achieve it, we developed NotiManager, an Android research application that encompasses all three
of these features. Additionally, because of prior research claims about the advantages of both manual control
(i.e., that it confers greater user autonomy) and automatic features (i.e., convenience) [44], our app included both
manual and automatic approaches to sorting and categorizing, as a means of clarifying whether one of them – or
a combination of both – was more beneficial.
Our research questions are:

• RQ1: How would users utilize sorting, categorization, and pinning in a notification interface when these
features are available?

• RQ2: How do users perceive and experience these three features in managing their notifications?

To address these questions, we recruited 30 Android users to interact with all three features in their day-to-day
lives. Our research app was developed in three distinct modes: Manual, where users manually controlled all
features; Auto, which automated all features except for pinning; and Hybrid, which combined elements of both
manual and automatic controls. Using a mixed-method approach, we examined how users interacted with,
perceived, and experienced each mode over a three-week period. This paper reports our findings, including
their usage, perceptions, experiences, as well as underlying needs associated with notification management
and proposes enhancements to better support these needs in future notification systems. Specifically, this study
highlights four key contributions to the literature on notification management:
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• It identifies pinning as a highly valued and utilized feature for its versatility in notification management,
including deferring notifications, ensuring quick and constant access to information, temporarily preserving
notifications to prevent accidental deletions, and providing visual reminders.

• It reveals a potential emerging workflow in notification management when pinning is available—pin to
temporarily preserve, bulk remove others, and then assess the pinned notifications.

• It uncovers how users make use of manual sorting to organize notifications and notes the low usage of
manual categorization for organizing and accessing notifications.

• It shows users’ expectations for the two automatic features to process and organize notifications based on
topics and to take user input to better align with their preferences and needs.

2 RELATED WORK
The domain of notification-related research within HCI is broad, but the majority of work in it focuses on
determining the optimal timing for notification delivery to minimize disruption [14, 26, 54, 60] or enhance user
engagement [2, 24, 55, 56], or controlling notification alerts to strike a balance between user awareness and
potential disturbances [13, 32, 45, 47, 57]. This paper does not aim to provide an exhaustive review of such
studies, as they primarily relate to users’ initial reactions to notifications. Instead, our focus is on the smaller
body of work on how users manage and engage with notifications, particularly within their devices’ notification
centers/drawers [45, 74]. The latter subject encompasses what many researchers refer to as notification attendance
and management.

Research in notification attendance and management on mobile devices has thoroughly examined user engage-
ment, dividing behaviors into attending and responding [13, 21, 37, 38, 45, 57, 58, 77]. Attending ranges from
brief examinations of notifications to focused and committed engagement with them [21]. Quick interactions
are typically measured by users unlocking their phones and viewing notifications [13, 45, 57], whereas longer
engagement is measured by actions like tapping or dismissing them [13].
Some studies have delved into the dynamics of attention, defining the gap between initial noticing and

engagement as “decision time”, and the gap between a notification’s arrival and user interaction as “reaction
time” [12, 30, 62]. However, some scholars consider phone-unlocking and notification-tapping to attendance [13],
recognizing the nuanced and sometimes simultaneous nature of these actions. Such distinctions have led to the
use of the specific terms “glancing” for quick assessment and “reading” [10, 66, 68] for committed interaction,
alongside other such terms including “seeing” [59], “focusing” [68], and “engaging” [10, 67]. As a result, the
dialogue surrounding the terminology for notification engagement has been complex but has yielded two essential
understandings. First, the terms – and the interactions they describe – underline that user engagement with
notifications is multi-stage [10, 66]. And, despite the diversity of the terminology used, all these interactions are
encompassed within the broad concept of notification management.

The journey from noticing a notification to taking subsequent actions may entail various cognitive decisions [3,
17, 39]. As such, the literature has repeatedly called for notification systems to be endowed with new features that
will support better-informed user choices when dealing with a large volume of notifications. Among these, instant
messaging (IM) notifications stand out, garnering the most immediate responses [4, 57, 59, 61, 75]. Yet, it’s worth
noting that previous studies have shown users don’t always promptly respond to instant messages [17, 21, 39].
At times, they delay attending to these messages for various reasons. This tendency to defer responses has
necessitated the introduction of supportive features in notification systems, such as a deferral feature, which
provides a subsequent prompt as a reminder to users [63, 73]. After all, conventional deferral techniques, whether
by setting a specific duration or choosing a designated time, comewith their own set of challenges, as delineated by
Weber et al. [73]. Moving beyond just snoozing notifications, prior research has proposed an approach that allowed
users to manually reposition notifications [43]. This stemmed from their study results that their participants hoped
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certain notifications to be placed in specific spots as reminders. The study further recommended automation
in notification sequencing to mirror the user’s preferred arrangement and proposed allowing users to "pin"
specific notifications for later attention. Furthermore, some research has explored system-level features that
enable users to categorize their notifications, akin to the labeling and filtering functionalities available in many
email systems [28, 43, 74]. Given the complex and rich information present in both notifications and emails, a
well-designed information architecture presumably provides a more organized and layered user experience.

Collectively, previous research on notification management has recommended features like pinning, sorting,
and categorizing to assist mobile users. While these studies discussed the potential uses and benefits of the features,
how they are actually utilized remains underexplored. We address this gap in the literature by providing empirical
evidence on how smartphone users engage with these features in their daily lives and whether these features are
genuinely helpful to users. Weber et al. [73] have touched on why users might want to defer notifications, but
whether the reasons for pinning notifications align with those for deferring them is also unknown. Our study
uses empirical research to delve into the specific reasons that drive both the use and non-use of these features,
providing valuable insights for designers and developers on the potential advantages of incorporating these
elements into notification systems. Moreover, we identify areas for further improvement, thereby contributing a
grounded understanding of user needs and preferences around these features that can inform future notification
system design.

3 NOTIMANAGER
NotiManager is an Android app developed to support users in managing notifications. It replaces the original
notification drawer as the sole interface for users to interact with notifications. Beyond the basic functionalities
in the existing notification drawer (i.e. clicking and deleting notifications), NotiManager offers additional features
for managing notifications, including sorting, categorizing, and pinning. It monitors and captures incoming
notifications through the utilization of Android Notification Listener Service API1. Installing NotiManager on
the phone will not affect notifications popping up at the top and appearing in the notification drawer when
they initially arrive. After five seconds—the average duration we found for how long a current notification pops
up and alerts or vibrates—notifications, with the exception of ongoing ones (e.g. navigation, media playback
notifications), will seamlessly integrated from the native notification drawer into the NotiManager interface.
We’ve retained these ongoing notifications in the original drawer to ensure users can interact with them just as
usual. For other notifications, once they disappear from the notification drawer, users need to locate and tap the
NotiManager app on their phone screen to access them. The subsequent sections delve into a detailed exploration
of features and interfaces in NotiManager.

3.1 Notification Management Features
We incorporated the three features guided by recommendations from existing notification research. The following
section provides an introduction to these features.
(1) Sorting: The sorting feature reorders users’ notifications, with automatic and manual methods. In automatic

sorting, the complete list of notifications is transmitted to a remote server designed to sort notifications
whenever a new notification arrives. This model, trained with a pre-trained BERT model2, is based on
a dataset previously collected by Lin et al. [43], where participants in their study sorted six sampled
notifications displayed on the smartphone screen each time they responded to an experience sampling
method (ESM) questionnaire. The model employs various features for sorting, including the notification’s
title and content, the originating application, the predefined category of the application, as well as user

1Notification Listener Service API: https://developer.android.com/reference/android/service/notification/NotificationListenerService
2BERT model documentation: https://huggingface.co/docs/transformers/model_doc/bert
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context factors like activities3 detected by the mobile sensors and the time when notifications were viewed.
The model begins by assessing the probability that each notification belongs to one of six positions, as
determined from previous study samples. To accommodate real-world scenarios where the number of
notifications may differ, we calculate a weighted importance score for each notification, which determines
its eventual placement in the user’s view. The sorted results are then sent back from the remote server and
replaced with the original order, presenting a newly arranged display. It is essential to note that since the
primary goal of our automatic sorting feature was to assess user experiences and perceptions, the main
intent was not to predict notification orders with the precision of leading models, but rather to utilize the
model as an exploratory tool that prompts participants to identify potential areas for enhancement in future
automatic sorting. Manual sorting, on the other hand, provides users with the ability to manually adjust
the order by dragging and dropping notifications. NotiManager memorizes these changes and preserves
the positions of the manually-adjusted notifications, regardless of arrival of new notifications. This rule
also applies in the Hybrid mode, a mode that combines all the features present in the Auto mode and the
Manual mode. Notifications that have been manually sorted will stay in their original positions, even if the
automatic sorting attempts to reposition them differently.

(2) Categorizing: This feature is designed to categorize notifications or process them within a category,
using automatic and manual methods. Automatic categorization operates by classifying notifications based
on app categories established by the Google Play Store and as suggested by prior research [61, 73, 74].
On the other hand, manual categorization permits users to classify notifications according to custom
categories they define themselves or automatically generate categories by long-pressing the notification.
Each notification can only be assigned to a single category, and notifications that are categorized still appear
in the all-notification interface. Whether using automatic or manual categorization, users can choose to
view notifications within specific categories, providing a more tailored experience compared to viewing all
notifications indiscriminately. For added flexibility in the presentation of category orders, NotiManager
enables users to rearrange the order of categories displayed in the category menu.

(3) Pinning: To enable users to anchor specific notifications within the NotiManager interface, we introduce
the pinning feature. By pinning notifications, users can ensure that the pinned notification is kept and
remains visible, unaffected by any actions such as clicking, swiping off, or pressing clear-all-notifications
button. The pinned notification can only be removed after deselecting the pin. This feature is designed
to allow users to retain notifications that they may wish to revisit or reference later within NotiManager,
fulfilling a need suggested in the literature [43] for a method to remind users to revisit notifications or to
undertake specific tasks related to the notifications.

3.2 User Interface
The interface varies in different modes. The all-notification interface in the Manual mode includes icons for
sorting and pinning, and a long-press menu for categorizing notifications. However, the visual cue indicating
whether notifications have completed automatic sorting is not shown. In the Auto mode, only the visual signal for
indicating automatic sorting completion is present. As the Hybrid mode encompasses all components, we hereby
introduce the complete NotiManager interface under this mode. The comprehensive NotiManager interface
includes:
(1) All-Notification Interface: Notifications in NotiManager display the notification title, content, post

time, the corresponding app name, and the app icon. NotiManager emulates the fundamental attributes
of traditional smartphone notification drawers, allowing users to engage with notifications by clicking
and remove notifications using swiping gestures or the clear-all-notifications button (see Figure 1c). The

3Google Activity Recognition API: https://developers.google.com/location-context/activity-recognition
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Figure 1. All-notification interface includes: (a) Hamburger menu button for expanding
the category menu; (b) Visual indication showing if the notifications are automatically
sorted: green indicates sorted and red indicates unsorted; (c) Clear-all-notifications
button; (d) Pinning button (before); (e) Pinning button (after); (f) Sorting button

NotiManager all-notification interface augments the standard notification drawer with a sorting (see
Figure 1f) and pinning icon (see Figure 1d). The sort icon is a button for users to rearrange notifications
through a drag-and-drop function, while the pin icon is a button for users to pin their notifications by
pressing the icon. Long-pressing a notification allows the user to either create a new category or change
the existing category of the notification in a menu. To allow users to know whether notifications have been
automatically sorted, there is a visual indication (see Figure 1b) provided for user assessment. When the
visual indication transitions from red to green, it signifies the progression from ongoing sorting to sorting
completion.

(2) Notification-within-Category Interface: After clicking the hamburger menu button (see Figure 1a) on
the all-notification interface, the categorymenu expands and shows all the categories created. Upon selecting
a category name, users can view all notifications assigned to that category. By default, the user is presented
with the "All notifications" category, where they can view all incoming notifications. The interface for
notifications within categories is identical to that of all notifications, including the functionalities. Actions
performed on notifications within categories impact the interface of all notifications.

4 FIELD STUDY
We conducted a within-subjects field study to assess the effectiveness of our notification management features
and investigated our research questions. A total of 30 Android users participated in the study. More details are
provided below.

4.1 Study Design
To ensure participants were familiar with viewing and attending notifications through NotiManager during the
study, we had each participant’s initially set to the Default mode for the first week. This mode replicated the
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Table 1. Assignment of each group and order

Condition Description Number of participants
Group Manual order 1 Default ->Manual ->Hybrid 7
Group Manual order 2 Default ->Hybrid ->Manual 8
Group Auto order 1 Default ->Auto ->Hybrid 7
Group Auto order 2 Default ->Hybrid ->Auto 8

original notification order, which placed IM and email notifications toward the top of the order, according to an
official Android Developers article regarding people notifications4.

During the three-week study period, participants were divided into either the manual group or the auto group.
The two groups utilized both the Default mode and the Hybrid mode for a week each, with the difference being
whether the other week was in the Manual mode or the Auto mode. Irrespective of their assignment to the manual
or auto group, every participant engaged with all functionalities. The purpose of this grouping was to facilitate a
thorough comprehension of users’ preferences and perceptions regarding manual and automatic functionalities.
Following the Default mode, in the remaining two weeks of the study, each participant experienced two

additional modes, one in each week: the Hybrid mode and either the Auto mode or the Manual mode. In order to
reduce order effects, we counterbalanced the conditions and randomly determined the sequence of modes for
each participant. Table 1 shows the number of participants in each group and order.

When using the Auto mode, NotiManager provides participants with the functionality of automatic sorting and
automatic categorization of notifications. Conversely, in the Manual mode, participants have manual capabilities
such as manual sorting of notifications, pinning, manually adding a notification to a category, and manually
adding new categories. In the Hybrid mode, all functionalities from both the Auto mode and the Manual mode
are integrated.

4.2 Experience Sampling and Diary Study
The objective of the ESM study [69] was to gather participants’ in-situ usage, perceptions, and experiences with
the features, as well as their reasons for using these features in various contexts. The diary study was aimed to
collect more reflections from participants about their overall perceptions and interactions with these features
throughout the day.

4.2.1 Research Instrument. NotiManager not only served as an app for users to view and handle notifications, it
also recorded notifications that arrived on users’ smartphones, tracked the usage of notification management
features in NotiManager, determined whether to trigger ESM questionnaires based on user interactions with
NotiManager, triggered diary questionnaires at a specific time, and logged phone-sensor data.

4.2.2 ESMQuestionnaire. Each page of the ESM questionnaire was organized into several sections (see Figure
2a). The questions varied across different modes, catering to the unique features of each. In the Default mode,
designed primarily to acquaint participants with the process of viewing and interacting with notifications in
NotiManager, questionnaires were still utilized to familiarize participants with the process of completing them.
In this mode, participants were asked to rate the extent to which the notification order at a specific time matched
their ideal sequence. They also evaluated how well the system ordered their notifications in terms of urgency and
importance, using a five-point Likert scale for all rating items. The questionnaire also gathered context-specific
information about when participants encountered these notification sequences, including location [23, 76], activity
4The official Android Developers publication on Medium – People notifications: https://medium.com/androiddevelopers/people-notifications-
2a2e4fb6ee96
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[19, 22, 48, 50], their level of engagement in that activity [40], whether they were interacting with others at the
time [9, 54, 64], and their degree of busyness during that moment [79].

In the Auto mode, participants were presented with comparative questions regarding two notification orders to
evaluate the outcome from the automatic sorting feature (see Figure 2b). Specifically, they were asked to choose
the order that most closely matched their ideal order. An additional response option, "The two orders are similar,"
was also provided. The first order replicated the arrangement in the current notification system, typically placing
IM and email notifications towards the top 4. The second order was generated based on predictions from our
model. To minimize potential bias, the sequence in which these two notification orders were presented was
randomized, ensuring participants were unaware of which order was the original and which was adjusted by our
model.

In the Manual mode, if participants had not utilized any of the three features since the last ESM questionnaire,
they were asked to rate the extent to which the notification order at a specific time point matched their ideal
sequence. If they had used any of the features, they reported their reasons for using them, the perceived necessity
of using these features, and to provide an assessment of the notification that utilized the features. This assessment
included evaluations based on the importance, urgency, and the context in which they used the features.

In the Hybrid mode, the questionnaire included question types from both the Auto and the Manual mode. To
maintain focus, the questionnaire was limited to reporting on a maximum of three features. When selecting
which features to include, diversity was prioritized to ensure that each type of utilized feature was represented at
least once.

When querying participants about their reasons for using the features, we instructed them to select only one
option that best described their reason. The choices were derived from Chang et al.’s study [11], reflecting users’
intentions for checking notifications in specific activity contexts, and included: 1) To focus on the current task or
activity; 2) To defer notification to convenient time; 3) To defer notification to spare time; 4) To defer notification
to post-context; and 5) To locate the notification more quickly in the future. We included additional reasons for
the categorizing feature: "To categorize notifications for later processing", and for pinning function: 1) To retain
information for future reference; 2) To view the content of the notification without having it deleted; and 3) To
prevent the notification from being deleted. These reasons were identified through our pilot study and personal
use of NotiManager.

4.2.3 Diary Questionnaire. The diary questionnaire was structured with several components on each page
(see Figure 2c). It employed a five-point scale to assess the perceived helpfulness of each feature. Following
the questions on the helpfulness of these features, a text-box question allowed participants to provide detailed
feedback on their overall feelings and experiences of using NotiManager throughout the day.

4.2.4 ESM and Diary Mechanism. Upon installation of NotiManager, participants selected a time-window of at
least 12 hours during which they were willing to receive ESM and diary questionnaires each day. NotiManager
triggered ESM questionnaires based on specific criteria: 1) the sampled time within the user-defined time window;
2) at least one hour had passed since the last questionnaire completion, or at least 30 minutes had passed since
the last questionnaire was prompted; 3) any use of management features, or if none are used, changes in the
displayed notification order occurred within the last 30 minutes, a time threshold derived from prior research
(e.g., [12]). Meeting these conditions, NotiManager promptly dispatched ESM notifications to participants’ native
notification drawers when they closed NotiManager, ensuring that these notifications didn’t blend with other
notifications in NotiManager. The diary questionnaire was scheduled to be sent every night, approximately one
hour prior to the user-defined time window. Given the complexity of the ESM and diary questionnaire and the
mechanism, we conducted a pilot test with three participants to validate the questionnaire and its functioning.
The pilot study streamlined the formal study process, lasting six days with each mode being utilized for two days.
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(a) (b) (c)

Figure 2. The ESM questionnaire interface (a), an example of ESM about comparative questions regarding two notification
orders (b) and the diary questionnaire interface (c)

All three pilot participants could complete the ESM and diary questionnaire within an average of three minutes,
an acceptable duration for an ESM study [7, 18, 20], we then proceeded with the formal study.

4.3 Study Procedure
Each participant attended an in-person pre-study meeting during which we assisted them in installing NotiMan-
ager on their phones, introduced the interfaces, and walked them through the study procedure. We did not ask
participants to use any specific features; instead, we informed them about the availability and characteristics of
each feature, leaving them the freedom to decide how and when to use them as they saw fit. Our aim was to
observe whether and how these features would naturally integrate into or augment their existing notification
management practices. Over the three-week study period, participants experienced a different mode of Noti-
Manager each week. Modes were automatically switched after a week, with participants being notified of the
impending change via email and an in-app pop-up window that confirmed the update. At the conclusion of the
study, we invited participants to participate in semi-structured interviews to deepen our understanding of their
experiences. Of those invited, 28 participated in these interviews. During the interviews, we focused on exploring
their usage, experiences, and strategies with NotiManager. We particularly probed the circumstances under
which participants adopted specific strategies or held certain expectations, aiming to understand the underlying
needs and reasons. We also solicited feedback on potential improvements and their ideal vision for NotiManager,
particularly when they expressed dissatisfaction with current features, with an aim to uncover the needs behind
their expectations and identify areas for enhancement in future versions of the system.

Compensation was based on the number of completed ESM and diary questionnaires, at US$0.3 each. Partici-
pants’ usage of features did not affect their compensation. The duration of participation was also considered.
Full participation in both the first and second weeks earned US$12, and completing the third week added US$6.
Additionally, those who took part in the post-study interview received an extra US$6. The study received approval
from our university’s Institutional Review Board (IRB).
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4.4 Recruitment and Participants
We primarily recruited participants through various Facebook groups dedicated to discussions and usage of
different brands of mobile phones, as well as by connecting with potential participants through local research
networks in our country. Each recruitment ad included a link to a sign-up form with questions covering subjects
such as the average daily count of notifications, the top five notification categories they receive, and their
behaviors in relation to the notification drawer. This approach was chosen to ensure a diverse range of participant
backgrounds. We selected our participants who 1) checked their notification drawers and handled notifications
every day; 2) received an average of more than 10 notifications per day; and 3) used their phones for over 2 hours
daily. This resulted in 30 participants, all of whom participated in the study for a full 21 days. The participants’
ages ranged from 18 and 40 (M = 26). This diverse group included 21 students and 9 non-students, with a gender
distribution of 18 females and 12 males.

4.5 Quantitative Data Cleaning and Analysis
We recorded 109,253 notifications in total and received 2,090 ESM responses along with 506 diary responses, with
a response rate of 71% and 80%, respectively. We excluded 36,756 notifications that emerged when users were
using the Default mode, as the initial week was primarily intended for participants to become accustomed to
using NotiManager. This left us with a dataset comprising 72,497 notifications from 424 unique apps (for further
details on the types of these notifications, please refer to the appendix A). The majority of these notifications
were dispatched by three leading messaging apps: LINE (21,336 notifications; 90% of participants), Telegram
(8,566 notifications; 20% of participants), and FB Messenger (6,823 notifications; 87% of participants). We also
discarded 672 ESM responses and 178 diary responses that were filled out in the Default mode. 38 diary responses
indicated not remembering using any feature on this day were also removed, leaving 1,418 ESM responses and
290 diary responses available for further analysis. 37% of pinning events, 40% of manual sorting events, and
24% of manual categorization events were asked and responded to in the remaining ESM responses. Using the
remaining notification data and responses to explore user preferences between the automatic and manual features
and to gauge the perceived helpfulness of individual features, we conducted a logistic regression analysis with
the "lmerTest" [36] package in R software5, and included participant ID numbers as a random effect to account
for individual differences among the participants.

4.6 Qualitative Data Analysis
We transcribed the interview recordings and conducted data analysis simultaneously with the data-collection
process using Atlas.ti6, an online collaborative qualitative-analysis software. We employed an inductive thematic
analysis approach [6], wherein the development of the codebook was an iterative process. Two members of our
research team took on the role of coders and started by open coding to explore important concepts in the first
three interview transcripts. Subsequently, the coders participated in multiple collaborative sessions during which
they discussed, compared, and merged their individual codebooks to reach a consensus on the initial set of codes.
This process aimed to enhance consistency and mitigate individual biases [46]. As data collection progressed,
the researchers used these preliminary codes to independently code the transcripts. Throughout the coding
process, the researchers consistently compared data, codes, and memos. They incorporated their epistemological
beliefs in the analysis process, including their own reflection and interpretation of the data. They engaged in
discussions to refine and revise codes iteratively as necessary. Whenever new codes were introduced, modified,
or refined, their applicability was evaluated against other data until consensus was reached. This process resulted

5R software: https://www.R-project.org/
6Atlas.ti: https://atlasti.com/
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in the emergence of numerous themes that pertain to how different automatic and manual features influenced
participants’ behaviors and perceptions in notification management.

5 QUANTITATIVE RESULTS
On average, each participant accessed NotiManager 27 times per day (Md = 21; SD = 20.91). Pinning was utilized
the most (230) among the manual features, followed by manual sorting (162), and manual categorization (33).
Regarding perceived helpfulness, which is rated on a five-point scale, we observed a similar order: pinning was
also rated as the most helpful (M = 3.71, SD = 0.81), followed by manual sorting (M = 3.54, SD = 0.82), and manual
categorization (M = 3.41, SD = 0.88). We provide a detailed analysis of each feature’s usage below.

5.1 Pinning Notifications
We recorded a total of 230 pinning events involving 219 unique notifications from 27 different apps. Out of the
30 participants, 22 (73%) engaged in the act of pinning notifications. In the Manual mode, participants used
pinning an average of 1.26 times per day, compared to 1 times per day in the Hybrid mode. Notifications related
to communication dominated the pinning activity, with 57% originating from IM applications.

There were diverse reasons for pinning notifications. As depicted in Figure 3, the primary reason, accounting
for 31%, was to defer addressing the notification to a convenient time. The second most cited reason was to
prevent accidental deletion of the notification (27% ). The third most cited reason was to facilitate easier access to
the information in the notification later (15%). The diversity in reasons for pinning notifications was mirrored
in the variable durations for which notifications were pinned, as illustrated in Figure 4 and Figure 5. When
notifications were pinned for the reasons for deferring to a convenient time, the average pinned duration was
716.31 minutes (SD=978.67). However, when pinning was for protecting notifications from accidental deletion, the
average duration was notably shorter, at 273.35 minutes (SD = 586.52). The longest duration of pinning, averaging
1,690.26 minutes (SD = 1634.51), occurred when the reason was to facilitate future access to the information.

Figure 3. Participants’ self-reported motivations for pinning notifications. (Only one motivation was provided
for each pinning instance.)
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Figure 4. The duration of pinning corresponds to the top three selected reasons for pinning. (Defer to convenient time:
Q1=60.45, Q2=194.21, Q3= 1176.08; Avoid accidental removal: Q1=2.51, Q2=8.06, Q3=255.04; Future information access:
Q1=464.22, Q2=829, Q3=2927.93)

Logistic regression analysis further substantiated that the duration of pinning for this reason was statistically
longer than when the pinning was aimed at protecting the notification from accidental deletion (t(65.96) = 2.188,
𝑝 = 0.0322, SEM = 367.4).

In addition, pinning may have been utilized for bulk-removal on other notifications. We observed that when
notifications were pinned to prevent accidental deletion, more than four-fifths (83%) of these pinned events were
followed by a click on the clear-all-notifications button before exiting NotiManager, which would remove all
not-pinned notifications. When the reasons for pinning were to facilitate future access to information or defer
notifications to a convenient time, the actions of deleting all notifications followed by pinning were 7.7% and
64% respectively. The subsequent action of deleting all notifications when pinning to prevent accidental deletion
was in stark contrast to when the reason was to ease future access to information (𝑍 = -2.337, 𝑝 = 0.0194, SEM =
1.6301).

5.2 Sorting Notifications
A total of 162 manual sorting events were recorded from 140 distinct notifications spanning 40 different apps.
Among the 30 participants, 22 (73%) of them made use of the manual sorting feature. Under the Manual mode,
participants utilized manual sorting an average of 1.93 times per day, whereas under the Hybrid mode, the average
was 0.52 times per day. Participants most often adjusted the position of communication-related notifications. The
IM category composed 46% (64) of all manual sorting notifications. Notably, nearly one-fifth (19%) of the manual
sorting actions were on pinned notifications.
Figure 6 shows the primary reasons participants manually adjusted the position of notifications. The most

prevalent reason, accounting for 38% of instances, was to facilitate easier location of the notification later. The
next most common reason, making up 19% of cases, was the expectation that addressing the notification would
not require a significant time commitment, leading participants to defer it to spare time. This was followed by
the desire to maintain focus on the current task or activity, cited in 14% of cases, also relating to deferral. The
direction in which participants sorted notifications varied by their underlying reason. For quicker future access,
all manually sorted notifications were moved upward. Conversely, when deferring notifications to a spare time,
83% were moved downward.
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Figure 5. The actual distributions of pinning duration corresponding to the top three selected pinning reasons. (5 instances
of deferring to convenient time, and 1 instance of future information access were removed as they were remained pinned
until the end of the study)

In evaluating the automatic sorting outcomes from 864 instances, the original notification order was preferred
over the automatic sorting 62.5% of the time, while the automatically sorted list was chosen only 13.77% of the
time; the remaining 23.73% found both orders similar. Furthermore, ratings from participants indicated that
manually sorted notifications were closer to their ideal order (M = 3.26; SD = 0.82) compared to those sorted
automatically (M = 3.01; SD = 0.87, t(493.6832) = -2.337, 𝑝 = 0.0198, SEM = 0.1689).

5.3 Categorizing Notifications
Among all participants, only one (P29) manually created a new category in the Hybrid mode, using it just twice
for categorizing notifications and accessing it three times. In contrast, a larger number of participants utilized the
system’s built-in categories, derived from automatic categorization, to classify and view notifications. Specifically,
in the Hybrid mode, 7 participants (23%) manually categorized notifications using these built-in categories an
average of 0.63 times per day. 24 participants (80%) accessed notifications via automated categories. In the Auto
mode, they did so at an average rate of 1.66 times per day, while in the Hybrid mode, the average was 1.04 times
per day. The most clicked category was IM (22%), followed by Social (12%) and Transportation (11%). Given the
limited usage, we only received limited number of self-reported responses for using categorization (n=8). Half of
these responses were to collectively process notifications that belong to the same category.
Gaining the overview of how often and why the participants used the three features in the next section we

reported participants sharing of how to utilize these features in your daily lives during the interviews these
include how they perceive these features experience with them strategies of using them and why they found
certain features as not useful as expected which allow us to unconvert the needs underlying this usage and
expectations. In the following sections we divide our findings by features.

6 QUALITATIVE FINDINGS
Having provided an overview of the usage and reasons why participants used the three features based on app
logs and ESM responses, this section delves deeper into participants’ perceptions, experiences, strategies, and
expectations regarding these features. Our findings are organized by feature in the subsequent sections.
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Figure 6. Participant’s self-reported reasons for sorting notifications

6.1 Categorization: Automatic Over Manual and Beyond App-Based Methods
Overall, participants found automatic categorization useful but felt it should extend beyond mere app-based
categorization. Manual categorization was seldom used and, when employed, was primarily intended to enhance
the automatic feature rather than for organizing notifications themselves.

6.1.1 Automatic App-Based Categorization Facilitates Notification Operation, but Topic-Based Mechanism is More
Adequate. Many participants expressed a preference for processing similar or related notifications collectively,
such as reading or deleting a specific type of notifications, as it allows for more efficient operation. Therefore,
some participants utilized the built-in categories of the system for this reason. For instance, P14 noted, "Sometimes
I found it useful to clear a specific type of notification altogether [by using the system built-in categories]. For instance,
shopping websites often send numerous messages, so I opened the shopping category and deleted them together."
However, other participants found app-based categorization employed by NotiManager inadequate and ex-

pressed a desire for a topic-based approach. They pointed out that notifications from a single app could encompass
a variety of topics, as P4 explained, "If Instagram sent notifications about someone liking my post, it seemed appro-
priate to place these notifications under social media. However, if it sent notifications about someone responding to
my story, I might question why it was not categorized under instant messaging."

Furthermore, they found notifications concerning the same topic were also frequently dispersed across multiple
categories, complicating batch operations based solely on the app. P27 indicated, "I felt that important things
may come through email, Line, or SMS. These three apps were not in the same category, so if I wanted to check the
notifications sent from these important apps, I had to check three categories." To improve the utility of automatic
categorization, many participants advocated for a topic-based mechanism that groups notifications by topic
rather than by the originating application. This approach would enhance the organization and management of
similar or related notifications, making it easier for users to handle their notifications more efficiently.

6.1.2 Manual Categorization was Tedious. Used Mainly for Correcting Automatic Feature. Participants rarely
created new categories or manually moved notifications to specific categories. An exceptional case involved P29,
who initially experimented with adding new categories but ultimately found the process overly complex and
lacking in benefits. Similarly, P23 expressed reluctance to manually categorize notifications due to the tediousness
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of the process, explaining, "There were a lot of messages at that time, and I found it quite difficult to categorize each
one individually." In the Hybrid mode, where automatic categorization was available, participants felt even less
incentive to categorize notifications manually. As P6 stated, "It [automatic categorization] already categorized
them very thoroughly, I rarely found the need to do manual sorting myself. It was almost unnecessary."
Notably, some participants indicated that their changes to categories were primarily made to correct the

outcomes of automatic categorization, rather than for organizing notifications. For instance, P14 noted a specific
instance of re-categorization, stating, "I had a frequently used IM app called Mazemoster. Perhaps because it was
not very common, it didn’t get categorized under the IM category but was instead placed in the Other category. I
thought changing its category to IM might help the system prioritize its notifications in future sorts." Notably, this
motivation stemmed from the assumption that the research app’s categorization mechanism would learn from
user input, similar to many social media platforms. Once it was clarified that this adaptive learning was not part
of the system, participants expressed a desire for future systems to allow users the ability to adjust the system’s
behavior or overwrite its categories. Despite recognizing that this would require extra effort, they were willing to
undertake it to ensure the categorization outcomes better aligned with their desired results.

6.2 Pinning: Highly Appreciated and Utilized for Various Purposes
Our interview results resonate with the common use of the pinning feature in the quantitative results, with many
participants mentioning their appreciation for it and its various applications. Additionally, they often compared
it to the snoozing feature, noting that its function extends beyond mere deferral.

6.2.1 Pinning was Useful for Deferral, Reminder, Handling Large Volume of Notifications, and Reserving Information.
Participants provided various reasons for using the pinning feature during the interviews, some of which revealed
nuanced ways of utilizing pinning to facilitate task and time management.
(1) Deferral while Maintaining Reminder: The most commonly cited reason for using the pinning feature

was to defer handling notifications. Common reasons included notifications requiring substantial time
or effort, the situation being inappropriate for immediate handling, or the preference to read or respond
on a more suitable device. For instance, P20 explained,"I noticed that the notification contained multiple
messages. So I decided to respond later when I had more time to focus on it." Similarly, P18 used pinning to
delay downloading files until he could use his computer, stating,"It was a music service sending me an email
asking me to download music files, and so I pinned it. [...][When I was sitting in front of my computer], I opened
Gmail on my computer to download these things."
Additionally, many participants highlighted that pinning not only served for deferral but also serves as a
visual cue, consistently reminding them of deferred tasks each time they accessed NotiManager. As P21
indicated, "The notification told me what I needed to do today, and I had already seen it. At that moment, I
also had some free time, but I might just be afraid of forgetting, so I pinned it there. This way, every time I
opened the notification drawer, it reminded me again." Participants also mentioned that the presence of an
icon next to pinned notifications further enhanced the perceived importance of the pinned notifications,
thereby priming them to pay special attention.

(2) Facilitation of Notification Handling Workflow: Participants found the pinning feature particularly
useful when dealing with a large volume of notifications. This feature allowed them to temporarily preserve
notifications that seemed "potentially" worth more attention while quickly scanning through. They could
then use the clear-all-notifications button to remove the rest, and later return to these pinned notifications
to review their content in detail and decide whether to leave them pinned or to unpin them. For example,
P22 described this strategy, stating, "The main idea is to first keep the notifications that need to be dealt with
and clear all the others from the notification list. This visually makes it more comfortable. Then, if there’s
something that needs to be handled immediately, I would unpin that notification and address it."
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Many participants appreciated this workflow and mentioned that it has become their standard method
for managing notifications, because it enabled them to quickly narrow down to specific notifications,
minimizing interface clutter by batch removal without the risk of accidentally eliminating important ones.
Furthermore, several participants particularly valued this workflow because, in the past, they had to leave
notifications potentially worth their attention unread, as clicking into them would remove them from
the notification list. Additionally, these unread notifications were not visually distinct from new ones,
and keeping them in the list prevented the use of the clear-all function, leading to a mix of new and old
notifications over time. The availability of the pinning feature alleviated the need to accumulate unread
notifications in the list, allowed for the use of the clear-all feature without concern, and enabled them to
revisit the same notification multiple times. As P2 noted, "Sometimes, deleting messages one by one can be
too slow, leading to the temptation to use the clear-all-notifications option. However, this could sometimes result
in accidentally removing important messages. I think pinning really helps prevent these messages from being
removed."

(3) Information Centralization: Participants also perceived pinning as a convenient method for reserving
information contained in notifications. By using the pinning feature, they could centralize their information
management within one application, NotiManager, thus reducing the effort needed to preserve and locate
information across various platforms. For instance, P15 noted,"In the past, I had to open the browser first
when I wanted to revisit a specific webpage. Then, I located the URL by using the browser tab. With the pinning
feature, I don’t have to go through these steps. I can just pin the notification and when I have time to check the
webpage, I simply click on the notification." Participants highlighted that quick access was convenient for
constantly updated notifications, such as group chats or regular updates, due to the frequent need to access
these threads. Pinning these notifications created a convenient portal for revisiting them. P6 described,"I
could go in and handle it at any time. I wanted to keep this notification as a chat window here [in the app],
and on the top." Finally, participants valued pinning for its ability to preserve complete notification details,
helping them remember the original reasons for saving that information, especially if they intended to
address these notifications after a long period.

6.2.2 Pinning was Considered Poor for Proactive Reminder, but Less Disturbing and More Flexible than Snoozing.
Reflecting on the differences between pinning and snoozing features, participants highlighted several key
distinctions. The primary difference noted was that snoozing acts as a system-initiated reminder, automatically
alerting the user after a set period, whereas pinning relies on user initiative to remember and revisit notifications.
therefore the former allows users to be passively reminded by the snooze feature, freeing them from the need to
proactively check the NotiManager app. This feature was appreciated for providing proactive reminders when
needed. For instance, P20 stated, "Sometimes I completely forgot about my pinned notifications. It was only when I
revisited the notification app that I rediscovered the task. But if I had set a specific snooze period, the notification
would trigger the alert again by itself, which would be a good reminder." However, some participants felt that the
alerts from snoozing created additional pressure, as P29 described, feeling "like I’m being chased by someone."
Others mentioned that these alerts could be confusing, making it unclear if the alert was from a new notification
or a snoozed one, or simply added disturbance, as P19 commented, "If it alerts a second time, and I only discover
it’s the same notification as before, I would find it disturbing."

Moreover, several participants noted challenges in setting a suitable snooze duration, often needing additional
snoozes if they weren’t available within the initially set period. In contrast, pinning was valued for offering
greater flexibility in managing notifications, particularly when the exact time to address them was uncertain. P10
illustrated this flexibility, stating, "With pinning, if I initially anticipate being free two hours later but find myself
available after just one hour, I can handle it directly. However, with snoozing, I must wait the full two hours before
addressing it." Thus, while pinning generally offered better flexibility, snoozing was favored when participants
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required explicit and intrusive reminders to ensure they would not forget to address notifications within a specific
timeframe.

6.3 Sorting: Advocating Enhanced Automatic while Appreciating Manual for Adjustment and
Feedback

Overall, the general sentiment among the participants was that the automatic sorting outcome did not align well
with their preferred order most of the time, and that they found availability of manual sorting beneficial. More
details are presented below.

6.3.1 Automatic Sorting was Expected to be Supporting Batch Operation, Adaptive and Explainable. Our qualitative
analysis identified three main issues that participants perceived with the automatic sorting feature of NotiManager,
highlighting areas for improvement.
First, participants noted that the current automated sorting of NotiManager did not facilitate efficient batch

operations on notifications, a limitation they found also true for existing notification systems. Specifically, they
expressed a desire for the system to sort notifications based on the similarity of topics or themes. This would
allow them to maintain a consistent mindset while handling batches of notifications, thereby reducing the need
for cognitive switching. As explained by P5, “When I saw a work-related notification, I approached it with a work
mindset, and if the next notification was unrelated to work, I would switch to a relaxation mindset. If notifications
were sorted by type, I could handle all work-related notifications at once before shifting to more leisurely ones."
Similarly, P6 also noted, “I saw a block of notifications from LINE here, another block of notifications from LINE
there, then some unimportant notifications from Foodpanda in between, [...], not really convenient if you got to check
so many blocks.” Additionally, participants mentioned that a mix of topics in notifications could lead to important
messages being overlooked, especially if they were buried among less critical notifications. For instance, P20
shared her experience with and concern about missing crucial notifications, “I could easily overlook important
notifications, like those from teachers or classmates, when they were mixed among a bunch of ads. I might skip this
entire batch of notifications.”

Second, participants deemed the current automatic sorting of NotiManager limited in its adaptability, particu-
larly wanting a sorting function that could adjust according to their activity context and individual preferences.
Discussing adaptability to context, P10 stated, “Most of the time, I might reply to this work-related group chat
immediately. But when I’m off work or during weekends, I don’t need it to be prioritized at the top of the notification
app.” P23 added, “There are some days I just don’t want to do work in the lab. On those days, I would prefer those
notifications to be at the bottom of the app. But the system probably considered them important and put them first.”

Participants also expressed a desire for configurations to express their preference. For instance, P27 explained
his preference for setting this during onboarding, “Maybe the system could ask what kinds of notifications I
preferred when I installed this application for preliminary personalization. Most apps require configuration right after
installation, so I would be more patient to do this than when I’m actually using this app.” Several participants also
expected the system to learn their input could impact the system to improve its sorting performance. For example,
P6 shared her desire to manually sort notifications to express her personal preferences for future enhancements.
P27 anticipated that the system could learn from the order in which he attended to notifications, noting, “It could
improve by the order I click notifications, just like how keyboard input selection gets optimized.”

Third, several participants expressed a desire for a clearer understanding of how NotiManager sorted notifica-
tions, as they struggled to make sense of the underlying logic. For example, P21 illustrated this confusion by
stating, “Sometimes it appeared to be sorted by the importance of the app associated with the notification, while
other times it seemed to be sorted by time. It’s a bit messy.” With a better knowledge of the system’s operation,
they believe they could, as P18 suggested, “have a rough picture of where a notification was, if provided with some
description,” or adjust the settings to better align with their preferences.
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6.3.2 Manual Sorting was Used for Control Visibility, Grouping, and Correcting Automatic Feature. Our interview
revealed three main uses of manual sorting by the participants. First, participants used manual sorting to control
the visibility of pinned notifications. A common practice was placing to-do items at the top of NotiManager’s
notification interface to prioritize tasks. P7 described this practice, stating, “I would pick out which notifications
I should deal with on the coming day every time I went to bed. [...] On the following night, I would dismiss those
I had completed and drag upwards the ones for the next day.” Although the pin icon already added salience to
the notifications, placing them at the top further enhanced their visibility, as P18 noted, “It’s like the starred
emails that go on top in Gmail. [...] If they’re important, I want to have more chances of seeing them.” Conversely,
for notifications they intended to handle later but did not want obstructing the visibility of new notifications,
participants positioned these at the bottom. This approach ensured that they “must have reviewed all new
notifications above them,” ensuring nothing was overlooked.
Second, participants sometimes used manual sorting to organize information for easier future access. P23

mentioned clustering important notifications together and separating this cluster from less important ones,
aiming to “be able to see important notifications grouped together.” She further suggested, "I think there should
be a clear border between important notifications and those that aren’t so important.” Third, as mentioned earlier,
several participants used manual sorting to provide feedback to the automatic sorting feature, assuming it would
learn from their behavior.

7 DISCUSSION
In previous sections, we have detailed participants’ usage (and non-usage) of the three features, along with their
perceptions, experience, strategies, and expectations around them. In this section, we discuss key takeaways
from these results and their implications for future notification systems.

7.1 Pinning, as a Simple Feature, Reveals Various Needs in Notification Interaction
In both our qualitative and quantitative results, participants reported various reasons for using the pinning feature
on their notifications during the study. While pinning is a simple action—achieved by clicking on the pinning icon
on a notification—it reveals multiple vital needs that future notification systems should support. Specifically, we
first identified that deferring the reading and response to notifications was one of the main reasons participants
used the pinning function, confirming Lin’s assumption [43] that this feature can help address these needs. In
particular, our findings also clarify how users might perceive and use pinning and snoozing differently for deferral
in their daily lives. One of our observation aligned with Weber et al. [73]: namely, that participants might not
always be able to estimate an accurate duration for deferral. However, our findings add further insight into the
perceived pros and cons of each feature. For example, participants generally perceived that alerts prompted by
the re-emergence of snoozed notifications functioned as proactive reminders. However, while this was useful
when a prominent alert was needed, at other times participants felt it created pressure, as though they were
being "chased" by their tasks. In contrast, pinned notifications were seen as less intrusive, providing a constant
visual reminder in the notification interface. Participants especially appreciated the flexibility of pinning that
allowed them to decide when to address different notifications. And because it does not issue additional alerts,
participants deemed that they would not be confused with incoming new notifications.
Crucially, participants leveraged the pinning feature not merely for deferral but also for other reasons. For

example, some used it to ensure easy and constant access to information, appreciating its advantage of centralizing
information needed for future use in one single place. Additionally, participants appreciated its ability in preserving
all information related to the pinned notifications that helped them contextualize what to do with the notifications.
What we found even worth noting is the usage of pinning for preventing accidental deletion of important

notifications, as reported in the ESM, which we revealed from the interview result, was primarily driven by
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the desire to quickly clear the interface of notifications deemed unimportant, thereby allowing focus on those
requiring more thorough assessment. Specifically, to perform this efficiently, participants preferred using the
one-click-delete-all button — a method also noted in [74] — rather than swiping off notifications one by one.
Yet, this bulk removal method risks the accidental deletion of important notifications. The pinning feature, by
enabling users to temporarily preserve those deemed potentially important, allows users to quickly narrow down
to specific notifications by performing a bulk removal of all others, without the need to leave notifications unread
and worry about accidental deletion.
This practice, i.e., temporarily preserving notifications before bulk removal mainly for later assessment, is

evident in their brief pinning duration compared to other uses. Experiencing this advantage, many participants
reportedly had established a new notification management workflow around this usage. We found the emergence
of this workflow particularly interesting and noteworthy, as it reflects, to some extent, the limitations of current
notification systems in supporting the need for efficiently narrowing down notifications while alleviating concerns
about accidental deletion.
Additionally, in current notification systems, interacting with a notification causes it to disappear from the

interface. To avoid this, participants often left notifications unread in the notification list when they wanted to
defer reading them. However, these unread notifications are visually indistinguishable from new ones, creating
confusion and posing a risk of accidental deletion. We observed that participants’ appreciation of the pinning
function also largely stemmed from its ability to eliminate the need to leave notifications unread, thus simplifying
the process of distinguishing between deferred notifications and new ones.
In summary, the usage of the pinning feature reveals several vital needs in how mobile users often want to

handle their notifications. These include deferral without additional alert or mixture with new notifications,
having easy and constant access to information for later use, quickly narrowing down notifications worth
attention on a clean interface without worrying accidental removal, and adding visual salience to help distinguish
notifications. To support these needs, we suggest that future notification systems include a pinning feature,
and meanwhile, devise ways to effectively support each of these needs. While pinning is a useful and simple
approach, it may not be the optimal solution for addressing all these needs comprehensively. Additionally, there
are occasional needs such as proactive alerts for reminders that pinning fails to address but are covered by other
features such as snoozing [73]. This suggests that future systems could consider incorporating pinning with
other features, allowing users to apply them based on their specific intentions.

7.2 Towards Intelligence: Implications for Future Automated Sorting and Categorization
Drawing from prior research, we hypothesized that automated sorting and categorization could enhance users’
efficiency in managing notifications by prioritizing and filtering those of greatest interest, as suggested in [43].
Although the original intention behind implementing the automatic sorting and categorization features was not
to create an intelligent system—thus being simplistic in nature—but to prompt participants to discuss potential
improvements and express expectations, it was still somewhat unexpected that automatic sorting received a lower
assessment than the default sorting. Nevertheless, thanks to the flaws participants perceived from NotiManager’s
automatic sorting, we successfully extracted users’ needs and desires regarding how systems should order and
categorize notifications. We discuss these results and their implications in further detail below.

7.2.1 Grouping Notifications with Similar Topics is Useful for Both Sorting and Categorization. Our findings
suggest that participants highly valued being able to efficiently perform batch processing and operation on similar
or related notifications, as it reduces the need for repeatedly performing similar actions and reduces cognitive
switching. Currently, both NotiManager and existing notification systems fail to group topics and semantics
embedded in notifications, relying mainly on app information. Therefore, we recommend that future automatic
sorting and categorization for notifications prioritize semantic content over merely app-based information. While
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previous work has developed novel machine-learning approaches for content-driven intelligent notification
systems [41, 47, 49], the advent of machine learning models on semantic analysis [8, 53, 65] presents a new
opportunity to significantly improve this area. For example, large language models (LLMs) have shown great
promise in analyzing semantics [33, 72, 78], and utilizing them could enable more accurate categorization of
notifications with similar topics. However, given that the efficacy of these models in analyzing notification
similarities based on topic remains untested and could prove challenging, provided that perceptions of topics can
vary among users, We suggest that future research should investigate the performance of these models for this
specific application and explore methods for fine-tuning them if they are found to be inadequate. In our study,
due to the limitations of our categorization scheme, participants did not extensively use these categories to access
notifications. Improvements in these categories may lead to more frequent use.

7.2.2 Adapating Notification Order to Context. Feedback on automatic sorting revealed participants’ need to
adapt the display order based on context, as they preferred to see different types of notifications in various
situations. This finding aligns with recent studies suggesting that users prioritize different notifications in distinct
activity contexts [11, 32, 43] and that intelligent notification systems with context sensing can more effectively
predict suitable moments for delivery [47, 55, 56, 58]. Our empirical evaluation of automatic sorting based on
machine learning further uncovered users’ preference for dynamic sorting tailored to both topics and activity
contexts. Therefore, our findings suggest that future notification systems should adapt notification sorting based
on both types of information. Specifically, if the system employs LLMs or develops a specialized sorting model
(e.g. [29]) to process notification information, it would be advantageous to incorporate contextual data, such as
calendar events or activity information, alongside notification content to assess relevance and timing suitability
for prioritization. However, if a general LLM encounters difficulties in prioritization due to the complexity of
context-dependent preferences, future work could consider designing a human-in-the-loop mechanism to collect
and incorporate user feedback across different contexts. This approach would enable the dynamic fine-tuning
of LLMs for this specific prioritization task. Chang et al. [11] revealed users’ intentions for engaging with
notifications in specific activity contexts. We recommend that future research collect users’ motivations for
reading notifications using ESM, incorporating their intentions into the questionnaire. This could involve logging
sensor data to train models for classifying reading intentions. These classifications could then inform the models,
which would adjust notification sorting based on both the topic and the classified intentions. Subsequent research
could investigate how well combining topic and intention classification meets user needs.

7.2.3 Improving Sorting and Categorization from Users’ Input. Our study revealed that the use of manual sorting
and categorization was often intended to correct automated processes, with participants anticipating that the
system could recognize these corrections and adjust accordingly. This desire for the system to learn from their
interactions indicates that participants were aware of the limitations of automatic sorting and categorization
but were willing to instruct or make corrections to better align the system with their preferences and needs.
Although NotiManager did not support this functionality, participants expressed a hope for future systems as
they understood the challenges of fully adjusting to user needs initially, but believed the efficiency could be
greatly improved if the system could learn from both their explicit inputs (corrections and instructions) and
implicit inputs (natural interactions with notifications).
As a result, we suggest that future notification systems incorporate learning from both explicit and implicit

user inputs. The explicit input could start with configurations upon onboarding, serving as a foundational step for
the system to begin learning user preferences [5, 16, 32, 71]. Additionally, combining onboarding configurations
with ongoing user feedback [16] could instruct the system to adjust to specific user behaviors in particular
situations—a desire explicitly expressed by participants who utilized manual sorting and categorization intending
to influence automated outcomes. Future systems could allow users to directly issue commands or provide
examples to fine-tune the model to adapt to their desired behaviors. Alternatively, the system could prompt users
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for feedback or adjustments after interactions with notifications, implementing a human-in-the-loop approach to
gradually refine system accuracy based on minimal user inputs. For implicit input, leveraging reinforced learning
[15, 42, 80] from recommender systems could enable the system to learn from users’ natural interactions with
notifications, continuously improving notification sorting.

Lastly, as some participants expressed frustration at not understanding how the system works—which hinders
their efficiency in locating specific notifications—we suggest that future systems, if leveraging automatic sorting or
categorization, provide intelligible explanations within the interface. This transparency can help users understand
the reasoning behind specific sorting or categorization decisions, thereby enhancing their ability to navigate the
information more effectively [27, 34].

7.3 Study Limitations
The current study is subject to several limitations. First, because our notification management features could not
be directly integrated into the Android notification drawer, participants were required to use NotiManager as the
sole interface to access and manage their notifications, which could potentially influence how frequently they
utilized these features. Second, even though participants had a week-long introductory period under the Default
mode to become familiar with NotiManager, this period may not have been sufficient for them to fully grasp
its functionalities. In addition, categorizing notifications involves a more complex process, possibly extending
the time they need to get used to the feature. Third, the sorting model used in this study was based on a dataset
from prior research [43], collected from a relatively small group of participants. The limited size of this dataset
may impact the model’s generalizability and effectiveness in accurately ranking notifications for users outside
their participant pool. This limitation could contribute to the general dissatisfaction with the automatic sorting
outcomes reported by our participants. Fourth, though the ESM triggering mechanism was refined through a
pilot study, the eventual sample size of questionnaires for each function was relatively small. Fifth, although we
provided detailed explanations during interviews, some participants might have lacked prior experience or a full
understanding of how snoozing notifications function, potentially affecting their comparison with the pinning
feature. Sixth, novelty effects might have influenced our feature usage statistics. Nevertheless, our quantitative
analysis opted not to exclude usage data from the first days of the study since participants’ daily usage statistics
indicated no evident peak in initial usage nor a diminishing trend over time. Finally, our data were derived from
a small group (n=30) of Android users within the authors’ home country, with all study participants under 40
years old and more than two-thirds being students. Consequently, though our sample size and demographic are
similar to many previous ESM studies (e.g. [9, 12, 37, 41, 51]), the generalizability of our findings to other groups
like iOS users, the elderly, or individuals from other regions remains questionable due to possible differences
in notification usage behaviors. In addition, our study was conducted during the school break. Therefore, for
students the types and experiences of notifications might differ from regular days.

8 CONCLUSION
This paper, inspired by existing literature advocating for various notification management features, investigates
how users utilize three such features—pinning, categorizing, and sorting—in their day-to-day lives. Our study
provides insights into the actual usage, perceptions, experiences, strategies, and needs associated with these
features. Results reveal that pinning was highly valued and utilized for its broad applicability in notification
management. Participants also developed a new workflow—pin to temporarily preserve, bulk remove others, and
then assess the pinned notifications—to efficiently manage their notifications. Regarding the other two features,
results show how users utilized manual sorting to organize notifications and expressed a desire for automatic
features to facilitate batch operations and processing. They also wanted these features to take their input to
improve results and to adapt outcomes to activity contexts. Thus, this study contributes valuable empirical
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evidence to notification research, offering design implications for the development of more effective notification
management systems.
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9 APPENDIX

A NOTIFICATION TYPE
Figure 7 depicts the types of notifications remaining after data cleaning, as described in Section 4.5. More than
half (53%) of the notifications were from the Instant Messaging (IM) type, followed by Social with 12%, and then
Tool with 9%.

Figure 7. The percentage and number of notification types used in our study.
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