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Rapid Serial Visual Presentation (RSVP) has been both praised and scorned as an effective reading technique. While it enables text
rendering on small screens, its dynamic text display tends to demand heightened attention from users. Previous work has implemented
RSVP reading interfaces on a range of devices, such as watches, glasses, and phones, but none have gained widespread adoption.
Considering its ability to display information on devices with small screen real-estate effectively, we explored its applicability to reading
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group. Informed by these insights, we implemented our RSVP notification prototype, SpeedNotification. We tested SpeedNotification’s
specific design parameters in a lab study and evaluated RSVP notifications more broadly in a field study. We present the essential
functionalities and challenges for creating a feasible RSVP user experience for mobile notifications and discuss associated issues and
opportunities.
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1 INTRODUCTION

Reading is a complex cognitive skill that — through schooling — is mainly acquired at a very young age. This is where
formal reading education stops for most adult readers, and further advancing their reading skills happens mostly through
practice [7]. For skilled readers, in fact, “reading feels so simple, effortless, and automatic that it is almost impossible to

look at a word and not read it” as Rayner et al. [33] put it.
In recent years, digital displays and their ability to adapt Rapid Serial Visual Presentation (RSVP) have challenged

the traditional notion of reading. Rather than showing text in sentences and paragraphs, RSVP displays one word at
a time in sequential order. Because of its benefits of reducing eye movements, RSVP was originally conceived as an
experimental model for assessing the temporal characteristics of human attention. In the context of reading, RSVP has
been studied for how well it facilitates text processing and comprehension [14, 16] and for its potential for supporting
speed-reading [11]. In addition, RSVP allows text to be rendered within limited space, making it a favourable reading
interface for small displays such as mobile phones and watches [10, 15]. Previous explorations of RSVP on mobile
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devices have shown that space is effectively traded for time when reading on small displays, i.e., RSVP maintains its
advantages of presenting text in limited space while minimizing the reading workload of the user [9, 18]. While this
seems to make it more suitable for reading short bursts of text, such as news feeds and notifications, the systematic
research in this field is sparse.

In this paper, we focus on the use of RSVP for mobile notifications. Through a focus group, a controlled lab study,
and a field study, we answer the two key research questions:

RQ1 How should RSVP be designed and presented on smartphones for notification reading to achieve better reading
experiences?

RQ2 How would users perceive and use RSVP to read notifications on their phones in their daily lives?

To explore this practical context, we first assessed the design parameters of RSVP for notification reading on smartphones
through a focus group. Based on the findings, we developed amobile application, SpeedNotification, that renders incoming
notifications as dynamic RSVP messages in the phone’s notification bar. Using this application, we observe and assess
how smartphone users use different RSVP presentation modalities in a field study by informing the design of an
alternative notification drawer.

In the focus group, we identified two main parameters considered vital to RSVP notifications: functionality (i.e., the
control and display of RSVP notifications) and notification grouping (i.e., assembling multiple notifications into a single
RSVP reading flow). We examined both functionality and grouping in a controlled lab study. Subsequently, we deployed
our SpeedNotification app on 23 users’ smartphones to conduct a field study. Through interaction logs, we investigated
how SpeedNotification was used and how RSVP notification reading was perceived.

Our results provide insights into design parameters for RSVP in the context of notification displays. Confirming
previous works, participants preferred reading shorter texts using RSVP, providing a better reading experience and
higher reading completion rate. In particular, notifications shorter than ten words were reported to be the most desirable
to be presented in RSVP. Participants proactively adjusted the RSVP display speed; however, they tended to modify the
global speed over time in the app settings rather than impromptu speed changes during reading. We further found
that while grouping notifications by application allowed users to read notifications in batches, it also increased the
interaction complexity and was less favored in overall usability. On the other hand, grouping notifications by notification
title (i.e., as one thread) was reported to be handy and efficient, thus making them more usable.

In sum, the contribution of our research is three-fold:

• We present the first interactive application for RSVP mobile phone notifications.
• We assess and evaluate RSVP presentations for notification reading through a lab and a field study.
• We provide a detailed discussion of insights and design implications regarding the adaptability of RSVP for
notification systems.

2 RELATEDWORK

A fundamental way of consuming information on mobile devices remains to be through reading. Mobile screen sizes
pose various challenges for effectively displaying text, which in turn affects reading. Previous work has investigated
the effects of line numbers, sentence splits, reading speed, text length, as well as variations in background contrast on
reading [37]. Display size, however, has been found not to significantly affect comprehension rates, whereas splitting
sentences between pages is more detrimental to comprehension [12]: in cases where readers were shown only one or
two lines of text simultaneously, only 9% comprehension deterioration was found compared to presenting 20 lines of
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text at a time. Shneiderman [39] also reported that the number of lines in which text is presented does generally not
significantly affect reading speed, which is good news for mobile devices, on which much reading is done these days.
Varying screen size has, however, been shown to influence the type of reading users do on different devices. While
larger displays are rather used for opportunistic and intensive reading activities, small-screen displays tend to be used
for casual reading [24]. With the proliferation of small-screen devices, such as phones and watches, alternative reading
techniques have increasingly been subjects of investigation, such as Rapid Serial Visual Presentation.

2.1 Rapid Serial Visual Presentation

Rapid Serial Visual Presentation, a term introduced by Forster [14] is a prominent experimental model, which has been
used to investigate the temporal characteristics of human attention. Stimuli are, thereby, presented in one focal point,
eliminating the necessity to employ large eye movements (saccades). This technique has quickly been appropriated for
studying attention [19]. Since it requires screens to present only a single stimulus at a time it introduces a trade-off
between space and time. This trade-off is especially promising where screen space is scarce, as with mobile telephone
displays, PDAs, and other wearable displays [5, 15, 23].

Different modes of RSVP have been proposed by Spence [8, 40, 41] to support the user in quickly grasping the
contents of folders and catalogs of which the rapid sequence of visual targets in the same location at the same time
is often described as Keyhole RSVP. Tse et al. [43] proposed RSVP as a dynamic slide-show presentation to browse
videos based on keyframes in videos. Wittenburg et al. used a mode of RSVP for creating collages in the context of web
shopping and an online bookstore [47, 49].

With the proliferation of small-screen displays and the fact that RSVP can operate within limited space, it has also
quickly been appropriated for reading studies: Georgiev [15] investigated reading speeds on mobile devices while
comparing it to other reading mediums, including PC screens and paper. Computer screens and paper allowed for
generally higher reading speeds, but RSVP was still found to be a feasible alternative for reading on mobile phones.
Dingler et al. [11] used RSVP to enforce higher reading speeds, observing a substantial learning effect after initial
user alienation stemming from a loss of control over the reading flow. Wittenburg et al. [48] had investigated general
RSVP control techniques in the context of web browsing, such as mouse rollover and radio button selection. Dingler et
al. more recently created a unified gesture set for controlling the RSVP reading flow on wearable devices, including
touchscreen phones, watches, and glasses [10]. While de Brujin and Spence [8] examined the effects of different RSVP
modes on eye movements, Dingler et al. [9] used eye-tracking as an implicit control method to pause and play the
RSVP reading flow. Guo and Wang subsequently added physiological signal sensing to adjust RSVP settings to readers’
sensed workload [18].

RSVP also comes with a range of challenges. The human visual system and its capabilities to process subsequent
stimuli is a limiting factor for the rapid display of RSVP. Presentation rates and the visual similarity of subsequent
stimuli influence the effectiveness and utility of RSVP [31]. Subsequent targets, when occurring in rapid successions
of 180–450 ms, for example, result in a phenomenon described by Raymond et al. as attentional blink [32]. While the
human visual system can recognize the presence of a target image in as little as 100 ms [19], the higher the presentation
speed, the more likely it becomes that crucial content might be missed. Similarly, repetition blindness [22] has been
shown to impede users’ ability to detect distinct stimuli in rapid succession, a risk also fueled by high presentation
speeds. Other than speed and attention-related limitations, RSVP has been investigated with a focus on its effects
on reading comprehension. Studies focused on memory effects found that reading with RSVP can lead to a rather
coarse recall of text [25] and, if given no control over the text flow, an inability to re-read parts of the text can impede
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comprehension [38]. Compared to other scrolling techniques, however, reading via RSVP was found to lead to similar
comprehension levels by Hedin and Lindgren [20]. Due to challenges, such as its fleeting nature and relatively high
cognitive demand [9], RSVP has so far failed to reach a broader customer-level adoption.

In our work, we investigate how RSVP reading can be applied to mobile notifications. While a number of previous
studies have examined use cases for RSVP, such as reading on head-mounted displays [35], our study takes a user-
centered design approach to designing RSVP for displaying mobile notifications.

2.2 Mobile Notifications

Mobile notifications have permeated our lives. Their scope has been widely studied in terms of notification types,
numbers, and usage times [3]. Sahami et al. [36] conducted a large-scale study to understand the extent and user
perceptions of mobile notifications. While users need to deal with a large number of notifications in a day, most of
them are viewed within a few minutes of arrival. Users further assign different importance to notifications depending
on the specific application and application category triggering them. Pielot et al. [30] give detailed accounts on how
users perceive these different types of notifications. Notifications from messaging apps are generally more important to
users as such applications connect people across space and time [29].

There are, however, concerns about notifications significantly contributing to the notion of information overload [30].
There are generally two aspects to this notion: the receipt and the management of notifications. Delivery and interrupt-
ability management focus on inferring opportune moments to trigger notifications and reduce user interruptions [13, 21].
Mehrotra et al. [27] investigated different notification groupings, namely by the applications that initiated the notifica-
tion and the social relationship between sender and receiver. Combined with user context derived from phone sensors,
they devised a classifier to detect opportune moments for effective notification delivery. They subsequently built a
rule-based system that would filter notifications to effectively reduce the overall number of notifications users have to
deal with [26]. Weber et al. [46] proposed Notification Dashboard, an Android app that allows users to reflect on their
notifications, identify, and subsequently reduce unwanted interruptions.

Notification management itself, however, focuses on how we allow users to decide when and how to engage with
incoming notifications. Auda et al. [1], for example, presented notification summaries based on a user-defined set of
rules: Instead of triggering each incoming notification individually, the proposed app collates notifications in a daily
summary. Android’s notification drawer (or notification center on iOS) has generally evolved into a central place where
mobile users view and attend notifications. Turner et al. [45] investigated how stack size and notification position in
the notification drawer influence the user’s response process. They subsequently devised user strategies for managing
the notification stack within usage sessions. Their observation that notifications frequently coexist together informed
our thinking about alternative ways to group, organize, and display notifications.

Since notifications come in large amounts and take the form of short text bursts, RSVP presents itself as a potentially
effective reading technique to deal with them. Hence, we set out to investigate the design parameters of RSVP to put in
the first steps towards an alternative way of engaging with notifications. Before being put into wider use, the design of
a notification system based on RSVP presents a broad range of challenges for which informed design decisions need to
be taken. Following a user-centered design process, we conducted a series of studies on how to group, display, and
navigate RSVP notifications to elicit the first set of design parameters for RSVP reading on mobile notifications.
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3 FOCUS GROUP

To ideate RSVP notification design and to answer RQ1, we conducted a formative focus group to explore users’
notification management behavior with RSVP. We recruited nine participants (three women, six men) between 24 and
34 years of age (M=28.11, SD=3.95) to answer a series of questions and discuss potential design ideas. We explored two
major topics to inform the application design: (1) advantages and challenges for RSVP in notification reading and (2)
essential components for reading notifications in RSVP.

3.1 Procedure

First, to elicit participants’ general notification management strategies, we prepared questions to probe the discussion
on their practices in handling mobile notifications. Secondly, we introduced RSVP and asked participants to compare
the newly introduced RSVP mechanism to their usual reading habits in mobile notifications. Each question was followed
by a 3-5 minute idea collection phase, during which each participant individually wrote down their ideas on post-it
notes. We then took those notes and clustered them into idea groups, after which the group discussed them.

Finally, we introduced all participants to the idea of presenting mobile notifications in RSVP and conducted co-design
exercises with participants to identify potential designs incorporating RSVP in common notification use cases. Each
interface design-related question was followed by a 1-3 minute idea-collection time. Participants were asked to visualize
their ideas by drawing their designs on print-outs of a generic smartphone display wire-frame. They were then asked
to explain their ideas in a five-minute discussion session.

Throughout the focus group, a moderator guided the discussions while two other researchers documented observa-
tions and handled the video recording. The experimental design was approved by the Human Ethics Committee of our
University.

3.2 Topic Exploration I: Advantages and Challenges

Throughout the focus group, participants pointed out that several RSVP characteristics could benefit notification reading.
For example, seven participants mentioned the increase in reading speed, an advantage also stressed in the literature [11].
Six participants said it could increase their attention and help them stay focused while reading. Five participants said
that the presentation did not require much space and could, therefore, free up space or present more information: "It
saves space, while the traditional system only shows part of [a] message" (P1). While participants’ statements were in
favor of RSVP usage overall, all participants agreed that RSVP did not necessarily benefit their mobile notification
reading. The challenges cited include: lack of reading flexibility, requirement for continuous concentration, and
infeasible for long texts.

Regarding challenges in adapting to reading speed for mobile RSVP notifications, three participants suggested
methods to adjust the speed in case the default is too fast or too slow. Also, the nature of presenting texts in RSVP
forces users to read one notification after another, which may lead to a loss of context of a conversation: "It (RSVP) will
miss the context as it forced me to read notifications in order. If I miss the beginning of a conversation, it may result in

problems" (P6). Further, participants expressed worries regarding the reading mechanism being too rigid as "missing

certain words may result in missing the whole content, and it is hard to go back and re-read it" (P7). Switching attention
between different notifications could also be problematic, as P5 pointed out: "A bundle of notifications requires you
to read one after another (in RSVP); how can messages be skipped?" In summary, while these concerns aligned with
text comprehension challenges in RSVP as pointed out in the literature [11], our participants implicitly stressed the
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importance of such systems’ flexibility to enable users to read and navigate between notifications at their desired pace
and order. This may also enable users to have total control of their reading speed and go back to notifications that were
not fully read because of distractions or drops in attention.

While seven out of nine participants mentioned that RSVP supports improved concentration while reading, it could
also create pressures as it requires continuous attention and certain reading ability: "you have to constantly look at the

message to catch the whole content" (P6). Two participants further pointed out that reading lengthy texts in RSVP could
be challenging. The reason lay in the fact that RSVP displays texts word by word, which is different from users’ reading
practices: "sometimes I don’t want to read the whole text, just keywords [...] it (RSVP) forced me to read one word after

another [...]" (P2).

3.3 Topic Exploration II: Essential Components

Several interaction components appeared across every participant’s interface design when debriefing designs in each
brainstorming session. These include functions to play/pause notification contents, dismiss notifications, switch
to next/previous notification, and progress bar to indicate the current RSVP’s play status. Besides using buttons
to interact with the notification interface, participants also provided a wide range of interaction ideas, such as using
eye-gaze to switch back and forth among notifications (P6) or positioning the smartphone such as tilting to adjust RSVP
reading speed impromptu (P7).

As users cannot read the contents of RSVP notifications before clicking the "play" button, P2 and P9 suggested that
notifications should be ordered based on their importance to the user. In contrast, P1 suggested ordering notifications
chronologically, the same as traditional notification systems. Whereas the discrepancy in ordering notification, all
participants agreed that there should be only one notification presented in RSVP at a time, e.g., P1 stated that "playing
two at the same time doesn’t make sense, stop one automatically, when a new one is selected to play.".

Finally, as messaging applications (e.g., Facebook Messenger) usually trigger the most mobile notifications [36], we
asked participants to design RSVP notification reading specifically for such applications. Unlike notifications from
other types of applications, those from messaging applications create clusters (i.e., a stack of multiple notifications)
more easily in notification drawers based on the name of message senders. Interestingly, our participants proposed two
approaches to grouping original notifications into RSVP notifications. Six participants separated RSVP notifications
based on senders’ names (i.e., notification titles). The other three participants grouped incoming notifications by their
applications (i.e., application name). This latter group also proposed additional functionalities to help users navigate
messages from different senders from the same messaging application.

3.4 Design Implications

The two main findings on functionality and notification grouping emerged from our focus group. We then translated
these findings into the design goals for our RSVP notification system prototype, SpeedNotification.

In general, participants expected RSVP notification reading to be flexible. Therefore, by providing the ability to
switch between notifications in the system, we could provide a better notification navigation experience, decreasing
users’ burden when initiating or undergoing RSVP reading sessions. Meanwhile, playing and reading notifications in
RSVP may require additional actions from users. Thus, an intuitive RSVP control panel is not only necessary for
user inputs but also provides users with a better overview of their notifications and their RSVP reading progress.

Notifications are sometimes contextually continuous, such as a series of connected instant messages. Thus, when
building a system that transforms traditional notifications into the RSVP presentation format, the system needs to
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identify different incoming notifications and connect them to create a continuous reading flow. To maximize the
advantage of RSVP reading, the system should aggregate related notifications into one RSVP reading flow. This enables
users to start a reading flow and automatically read through multiple notifications. However, a trade-off of such a
notification aggregation is the potential of increasing the system complexity induced by additional controls, which may
negatively influence the user experience. To this end, we explore two approaches to grouping notifications as suggested
by the focus group: 1) grouping by title and 2) grouping by application. In the former, all notifications with the
same title will be aggregated into one RSVP notification (i.e., the same reading flow). We argue that this design supports
efficient RSVP reading by requiring less user input when reading; for example, users will no longer need to press play
for every single message. Also, concatenating notifications based on their titles usually preserves the context, such
as related information from the same application or continuous messages from the same conversation. In the second
approach, grouping by application, the system additionally groups notification titles from the same application into
the same RSVP notification. This design may further facilitate RSVP reading’s strength, as more notifications will be
grouped into one RSVP notification compared to grouping by title. However, the control panel interface for such a
grouping mechanism also requires additional controls for users to navigate notifications in this two-layer grouping:
grouping original notifications based on their title and an additional grouping by their applications.

4 SPEEDNOTIFICATION

We implemented our RSVP notification prototype, SpeedNotification, based on an Android open-source project, Spritzer-
TextView 1. The resulting app intercepts notifications triggered on the mobile device using NotificationListenerService 2

and replaces them with RSVP notifications.
RSVP notifications present words in RSVP, which sequentially display a word at a time, with a progress bar indicating

its playing progress, as shown in Figure 1a. Following the common RSVP text presentation (e.g., [9, 10, 35]), one letter
of the word will be colored in red, which marks the optimal viewing point and acts as an attention pivot for the reader’s
eyes to focus on. The system also considers word lengths and punctuation to determine the duration of the presentation
of each word. The duration is three times as long for words with more than six characters and words followed by
specific characters, including comma, colon, semicolon, period, question mark, or exclamation mark.

The open-source framework originally allowed to actively start the reading flow of RSVP and the reading speed
setting in words per minute (WPM) inside the application. We modified the source code and enabled the control of
these features inside a custom notifications layout 3. The user interface design and implementation were based on the
insights regarding design parameters elicited from the focus group. For its functionality, we provide play/stop to start or
stop the RSVP reading flow, switch back/next to switch back and forth among notifications with the same notification
title, speed up/down to adjust reading speed impromptu with a ±10 WPM step. Note that the speed modified in this way
would not be saved and carried over to the next reading event (see Figure 2).

Another main parameter for mobile RSVP notification we learned from the focus group is the grouping mechanism.
As a result, we created two versions of SpeedNotification based on the two mechanisms to group incoming notifications:
(1) grouping by title and (2) grouping by application. For app version (2), we also added switch next title to enable the
navigation to the following notification title and expand/collapse to show and hide all notification titles from the same
application. When the user hits play in an RSVP notification in-app version (2), as shown in Figure 1b, all notifications

1https://github.com/andrewgiang/SpritzerTextView
2https://developer.android.com/reference
3https://developer.android.com/training/notify-user/
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Fig. 1. The interface of SpeedNotification. (a) RSVP notifications grouped by notification title (the middle notification is currently
being played); (b) RSVP notifications grouped by application and notification title (collapsed); (c) RSVP notifications grouped by
application and notification title (expanded).

Fig. 2. SpeedNotification functionality: (a) play; (b) pause; (c) current speed; (d) increase speed; (e) decrease speed; (f) next notification;
(g) previous notification; (h) expand notifications from one app; current index & total amount of notifications (title) from the app; (i)
collapse notifications; (j) current index and total amount with the same title; (k) next notification (title) of the app;

from that cluster (i.e., notifications from the same application) will be displayed sequentially in one RSVP flow. If the
user selects play in the "child notification," reachable through expanding the "parent notification" (see the two lower
notifications shown in Figure 1c), only notifications from that title will be played in that specific RSVP flow, same as
the mechanism in app version (1). For both app versions, we separate different notifications displayed in one reading
flow by implementing a 3-second time-out before the start of each notification, of which users could also click the next
notification button to skip.
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To better understand users’ interactions with RSVP notifications, SpeedNotification captures users’ usage logs in
the app, such as click actions, speed configurations, and records of each word presented (e.g., reading speed, reading
progress at the moment). We also logged notifications’ meta-data, such as title, arrival timestamp, and package name.

5 LAB STUDY

We conducted a controlled lab study to understand the usability of SpeedNotification. Specifically, we investigated
factors of RSVP notification reading that we hypothesized might affect user experience, including notification type,
notification length, and distraction. Additionally, we evaluated the design proposals for the two main design
parameters: notification grouping and functionalities specifically for impromptu reading speed adjustment. We
also collected qualitative feedback from participants to better understand how they read notifications in RSVP.

Notification Type. We categorized notifications as standalone notifications, which independently convey a message
such as a news headline, and consecutive notifications, which can only be fully interpreted when read in sequence, such
as a contact’s text messages received in short succession.

Notification Length. Our focus group discussions suggest that the length of notifications can influence the RSVP
reading experience. Following the size and resolution limitations of the notification displays on typical iOS and Android
devices4, we defined four levels of notification lengths in this study: 1) single word (including emoji), 2) short: less than
40 characters (≈ 10 words), 3) medium: 100 to 150 characters (≈ 30 words), and 4) long: around 450 characters (≈ 70
words). Specifically, (2) and (3) are typical caps for notification length in Android and iOS systems, respectively, and (4)
is the limit for expanded notifications, which are designed for text-rich notifications in Android devices5.

Distraction. These are notifications that are irrelevant to the one sought by the user, potentially inducing distraction
in the notification bar.

Notification Grouping. We explored three approaches to generating RSVP notifications that create different RSVP
reading flows. Informed by our focus group findings, these include two grouping mechanisms implemented in Speed-
Notification: 1) grouping by title, which consecutively groups by notification title (i.e., contact name, headlines; see
Figure 1a), and 2) grouping by app, replicates (1) and groups additionally by the triggering applications (see Figure 1b
and 1c). As a baseline comparison, we also tested notifications displayed in chronological order with no grouping —
users read RSVP notifications separately and click the play button to read each notification individually.

Reading Speed. Reading speed is defined as the number of words per minute (WPM). SpeedNotification requires
users to configure their initial default RSVP displaying speed after installing the application, while such a speed is
adjustable in the settings as users continue using the application. In contrast to the global default speed, the system, as
mentioned earlier, also provides functionalities of changing the speed impromptu during reading events ((d) and (e) in
Figure 2). In the lab study, we compare user experience between the conditions where this impromptu speed control is
available and where it is not.

4https://support.airship.com/hc/en-us/articles/213491643
5https://developer.android.com/training/notify-user/expanded
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5.1 Experimental Design

The lab study is in two parts, lasting about 30 and 10 minutes, respectively. In the first set of tasks, we investigated
factors of notification types, extent of distraction, and notification grouping mechanisms on RSVP notification reading.
In the second set of tasks, we evaluated the effects of different notification lengths along with the availability of the
impromptu speed controller. The experimental design was approved by the Human Ethics Committee of our University.

Part 1 employed a 2× 3× 3 repeated-measures design with three independent variables: notification type (standalone
and consecutive), distraction (zero, two, and five distracting notifications), and notification grouping (no grouping,
grouping by title, and grouping by application). The experimental task simulated smartphone use and employed news
headlines as standalone notifications (e.g., The nightmare ends: Italy allows migrant rescue ship held for weeks off Sicily to

dock), and groups of consecutive instant messages from the same contact (e.g.,What is the name of the hotel?, It does not
show up on my search, Maybe it has been booked in the meantime?). We used notifications with different content for
each trial.

Part 2 adopted a 4 × 2 repeated-measures design with two independent variables: notification length (single word,
short, medium, and long) and impromptu reading speed control (enabled or disabled). The experimental task required
participants to read text messages using RSVP on a mobile device with SpeedNotification. Again, we used notifications
with different content for each trial.

5.1.1 Measures. Wemeasured perceived satisfaction using the part of the Questionnaire for User Interaction Satisfaction
(QUIS) called “overall reactions to the software” a tool widely used to assess interactive systems [6]. We also measured
perceived usability with the System Usability Scale (SUS) [4] for its reliability in its measurement [44], and considered
the usability benchmarks suggested by Bangor et al. [2]: “not acceptable” (<50), “low marginal acceptable” (50-62), “high
marginal acceptable” (62-70), and “acceptable” (>70). In addition, we collected qualitative feedback through interviews
after the completion of each part. In part 2, we recorded user activity related to impromptu reading speed changes.

5.2 Participants

We recruited 18 participants (nine women, nine men) with a mean age of 25.8 years (SD=3.6) through university mailing
lists and bulletin boards. 50% of the participants reported iOS as their mobile operating system, while the remaining 50%
reported Android. On a scale from one (unfamiliar) to five (familiar), participants rated their familiarity with RSVP with
a median rating of 1.5 (SD=1.21). The study took about an hour to complete, for which participants received shopping
vouchers worth $10 (AUD).

5.3 Procedure

We welcomed participants upon their arrival and introduced the purpose of our study. Participants read and signed our
consent forms, reported their demographic data, and answered a brief survey about their use of mobile notifications.
We began the training session by explaining RSVP. Then, we handed out a smartphone running SpeedNotification,
explained the interface design, and walked participants through the tasks and interviews they would be asked to
complete. We also familiarised participants with the tasks by asking them to read a notification with RSVP and answer a
comprehension question about the content to validate a minimum reading ability. We explained that after each reading
task, they would be asked such comprehension questions to confirm that they had read the intended text. We adopted
this approach to ensure that participants pay attention to reading tasks [11, 35]. Once participants confirmed their
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Fig. 3. Average QUIS (left) and SUS (right) scores of different notification groupings in lab study. Shows the mean and its 95%
confidence interval.

understanding of the technique and the procedure, they set the default RSVP display speed to their desired comfort
level. They were also informed that this global speed would remain the same for the rest of the study.

Before part 1, we informed participants that they could stop or replay any notification in the notification bar during
tasks until they were ready to answer the comprehension questions. We also asked them to repeat the reading task until
they answered the comprehension questions correctly. To avoid systematic differences regarding reading experience due
to the contents, we collated the contents of the reading tasks from common notification scenarios, and both notifications
and comprehension questions were tested in pilot studies to ensure they were not too difficult to comprehend and
answer. Then, we rolled out the tasks in three rounds, each testing one notification grouping mechanism. Each round
contained six trials covering conditions with three distraction levels (zero, two, and five irrelevant notifications) for both
notification types (standalone and consecutive). The tasks were either reading one standalone notification (i.e., news
headline) or reading all consecutive notifications (i.e., messages from a contact). We balanced the order of the three
rounds between participants using a Latin Square design. Participants completed the QUIS and SUS questionnaires
after each round. After completing all tasks, we interviewed participants about their experience with standalone
and consecutive notifications reading via RSVP. We asked them to describe their experience with different types of
notifications, distraction levels, grouping mechanisms, and how each factor affected their reading. We also asked
participants to rank their preferences for the three proposed grouping mechanisms.

In part 2, we introduced the functionality of the impromptu RSVP display speed controller. The tasks were mostly
equivalent to part 1 but without distractions — only the targeted notification in the notification bar. Tasks were
completed in two rounds, each containing four levels of notification lengths, and the functionality of the impromptu
speed controller was only enabled in the second round. Participants were also informed that even if they changed
the speed via the controller while reading, each new trial would start with the default reading speed they set at the
beginning of the study. After all the tasks were completed, we conducted interviews about participants’ experience with
each notification length and their experiences with the impromptu speed controller. Finally, we interviewed participants
to investigate their general experience with SpeedNotification, such as features they liked to keep or change and the
benefits and challenges they saw if using the system in their daily lives.
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5.4 Results

5.4.1 Subjective Usability Assessment. Participants assessed their perceived satisfaction and usability of each notification
grouping via QUIS and SUS scores (see Figure 3). Participants completed a subset of QUIS focusing on "overall reactions
to the software" (six rating scales with a 10-point scale from 0 (negative) to 9 (positive)). We calculated the user
interaction satisfaction score by summing up all six scores from the QUIS per participant per grouping mechanism.
Hence, higher scores indicate increased satisfaction with the system as reported by our participants. A one-way analysis
of variance (ANOVA) shows that the grouping condition has a statistically significant effect on usability assessed by
QUIS, 𝐹 (2, 34) = 5.496, 𝑝 = 0.009 accounting for 24.4% of the variability. Post-hoc paired t-tests using the Bonferroni
correction revealed that there is a statistically significant difference between grouping by title (𝑀 = 38.67 (𝑆𝐷 = 7.97))
and no grouping (𝑀 = 31.83 (𝑆𝐷 = 11.3)), 𝑡 (17) = −3.172, 𝑝 = 0.006. The other comparisons were non-significant.

Analysis of the SUS revealed a statistically significant difference between grouping conditions, 𝐹 (2, 34) = 5.767,
𝑝 = 0.007, accounting for 25.3% of the variability, with no grouping (𝑀 = 63.19 (𝑆𝐷 = 19.15)) and grouping by app

(𝑀 = 66.94 (𝑆𝐷 = 19.03)) achieving the usability benchmark "high marginal acceptable" (score > 62), and grouping by

title (𝑀 = 74.58 (𝑆𝐷 = 17.26)) achieving the usability benchmark "acceptable" (score > 70). Similarly, posthoc tests
revealed that there is a statistically significant difference between grouping by title (𝑀 = 74.58 (𝑆𝐷 = 17.26)) and
no grouping (𝑀 = 63.19 (𝑆𝐷 = 19.15)), 𝑡 (17) = −2.969, 𝑝 = 0.009. Comparing grouping by title and grouping by app

(𝑀 = 66.94 (𝑆𝐷 = 19.03)), resulted in 𝑡 (17) = −2.969, 𝑝 = 0.019, i.e., not statistically significant after Bonferroni
correction (𝑎𝑙𝑝ℎ𝑎 = 0.017). The comparisons between no grouping and grouping by app were also non-significant.

5.4.2 Reading Log Analysis. Next, we look at how participants change their RSVP display speed impromptu while
reading notifications of different lengths. Firstly, no participant changed their speed when reading single-word and short
notifications. Such a finding may be reasonable as the time and attention span required to read them are short. On the
other hand, we found that both the number of occurrences and the extent of the impromptu speed changes increased as
the notifications got longer. Specifically, when reading medium-length notifications, seven participants slightly changed
their reading speed. Five of them increased on average by 26 WPM (SD=20.74), and two of them decreased the speed on
average by 15 WPM (SD=7.07). A similar pattern was found in long notification reading, where 13 participants changed
their speed while reading, with seven of them increasing by an average of 65.71 WPM (SD=62.41), seven decreasing by
an average of 27.14 WPM (SD=24.98), and one first increased and then decreased the speed. However, considering these
results were only based on the users’ first interaction with the system, we need to observe RSVP reading behaviors on a
larger scale to infer users’ actual reading practices to notifications of different lengths.

5.5 Qualitative Findings

For one of the two main design parameters, notification grouping, 12 participants found a no grouping option "cum-
bersome" (P5) because they had to spend more time and energy on finding specific notifications (P4, P6). Fourteen
participants found grouping by title to be preferable over the no grouping design, as P12 commented: "better than
the non-group one cause it decreases the clicks needed when reading notifications, and I feel that I could control these

notifications directly and read fast." The design also received overall positive feedback among participants, citing reasons
such as efficiency in reading all related notifications (P3, P5, P8, P9, P11), clear/straightforward (P10, P15, P16), and easy
to use/handy (P6, P7). On the other hand, we received mixed feedback from participants for grouping by app. It was
disliked by 12 participants who found it "too complicated, too packed" (P2), while six participants reported a favorable
experience, with P9 saying: "the best, I could use the app as another filter before reading notifications." Overall, we found a
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clear preference for grouping notifications, with grouping by title being the favorite of the majority. This aligns with
our findings from participants’ subjective assessment that designs of grouping notifications (e.g., grouping by title and
grouping by app) achieved better-perceived satisfaction and usability scores than their non-group counterpart, with the
grouping by title achieves the highest scores.

For another design proposal we investigated in the lab study: impromptu display speed controller, among all
participants, six stated such functionality was beneficial for their usage. Four participants said they were already
satisfied with the initial default speed and would not require any spontaneous changes.

When asked about how notification length affects their RSVP notification reading, 16 participants preferred RSVP
notifications of short (≈ 10 words) to medium lengths (≈ 30 words). Within this group, P8 and P14 stated a maximum
length of 10 words as the threshold before messages become too long for RSVP. The assessments were particularly
negative for long notifications (≈ 70 words) as users perceived reading burdens and lost the context of texts, which
harms the comprehension in RSVP [11, 25]. Additionally, readers may lose interest and focus in lengthy word-by-word
readings: "(The reading experience is) Not good. Forget the previous text that I just read. [...] If notification’s not interesting
or important, I get bored" (P18). Interestingly, while the prior study suggests that RSVP reading experience could make a
boring fairy tale story more interesting [11], our finding suggests the opposite effect in a daily usage scenario, indicating
that the benefit of RSVP on the reading experience may be content-dependent.

Among the challenges that participants faced while reading RSVP notifications, the demand for attention was named
the biggest problem. When asking participants for a preferred RSVP notification length, the desired reading length was
10 words: "I feel like that I read faster compared to when I read notifications in Android - I think RSVP is suitable for short

texts" (P12). Seven participants found RSVP ineffective for extremely short messages (i.e., one-word messages). P17
stated that the RSVP notification display was "Really fast, could not react to that." and that it "makes more sense for RSVP

to show at least a sentence."

To conclude the interview, we asked participants to name features of SpeedNotification that they would keep or
change, that they find beneficial, and those that cause problems. Sixteen out of 18 participants thought the idea of
grouping notifications should be kept. Among these, seven preferred the design of grouping by title, and five preferred
the design of grouping by app. Four participants mentioned an alternative grouping mechanism of notifications only
grouped by their application and not by their title 6. Six participants stated that the impromptu speed controller should
be kept, and another six participants named the button to switch between notifications as beneficial. Finally, four
participants mentioned the unpleasant experience while reading lengthy notifications in the interface when asked
about features that they think are problematic.

6 FIELD STUDY

To consolidate our findings from the lab study and to answer RQ2, we conducted a field study to understand the user
experience and their interactions with RSVP notifications in the wild. We installed our SpeedNotification prototype on
participants’ smartphones for one week, recorded participants’ activity in the app, assessed their subjective usability
assessment, and collected their feedback.

6This proposal is similar to grouping by title, but simply groups notifications from the same application into one RSVP notification without further
distinguishing them by their titles.
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6.1 Experimental Design

We employed a between-subjects design by splitting participants into two groups: Group T used the grouping by

title version of SpeedNotification and Group A used thegrouping by app one. Our prototype was installed on the
participants’ smartphones. SpeedNotification reads notifications from applications specified by participants in the
settings and presents them as RSVP in the notification bar. During the first three days, we asked participants to use
RSVP for notifications received from all applications. For the next four days, participants were allowed to disable RSVP
for applications of their own choice. We conducted the field study with the same prototype as in the lab study, and
participants reported their experience with QUIS, SUS, and a post-study questionnaire. The experimental design was
approved by our university’s Human Ethics Committee.

6.2 Participants

We recruited 23 participants7 (12 women, 11 men) with a mean age of 25.9 (SD = 4.8) through university mailing lists
and bulletin boards. We only recruited participants who use Android smartphones to ensure compatibility with our
prototype. When asked about the daily number of received notifications, three reported less than ten, 14 reported
10-30, four reported 30-50, and two reported more than 50. Participants also had overall low familiarity with RSVP
with a median rating of 1 (SD = 1.23) on a five-Likert scale (1: unfamiliar - 5: familiar). Following this, we instructed
participants to use the prototype for at least seven days. The average days of their participation are 8.04 (SD=1.49).
Participants received shopping vouchers worth $20 (AUD) after completing the study.

6.3 Procedure

Before the field study commenced, we arranged a briefing with each participant, in which they were introduced to the
purpose of our study, read and signed the consent forms, reported their demographic data, and answered a brief survey
about their use of mobile notifications. As we had randomly assigned each participant to a group (A or T) to ensure
the two groups had balanced men and women participants, we installed the respective version of the prototype on
their smartphones and walked through its features. We then instructed them to enable RSVP for all applications so that
they would receive notifications. After the 3-day mark, we instructed them to disable RSVP for the applications of their
choice via email. We also reminded participants that they could change their RSVP display speed anytime during the
study. We arranged a time for a post-study debriefing session one week later.

Debriefing happened in the form of a post-study questionnaire, in which we asked participants to complete the QUIS
and SUS assessments. We also asked questions specifically about their experience in reading mobile notifications in RSVP
(e.g., what types of notifications were preferred for RSVP reading) and their preference when using SpeedNotification
(e.g., strengths and weaknesses of SpeedNotification, features that are helpful/pleasant and problematic/unpleasant).

6.4 Results

6.4.1 Subjective Usability Assessment. The perceived usability and satisfaction of the two notification grouping mech-
anisms were assessed via QUIS and SUS scores (see Figure 4). Analysis of the QUIS using an independent samples
T-Test showed no statistically significant difference between grouping by title (𝑀 = 38.25 (𝑆𝐷 = 6.73)) and grouping

by app (𝑀 = 35.55 (𝑆𝐷 = 7.33)), 𝑡 (21) = 0.923, 𝑝 = 0.83. Similarly, comparing SUS scores between grouping by title

(𝑀 = 70.62 (𝑆𝐷 = 12.25)) and grouping by app (𝑀 = 68.86 (𝑆𝐷 = 9.77)) yielded no statistically significant difference (

7The initial number was 24. We discarded data from one participant who could not continue due to a compatibility issue after an OS update.
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Fig. 4. Average QUIS (left) and SUS (right) scores of the two notification groupings in the field study. Shows the mean and its 95%
confidence interval.

𝑡 (21) = 0.379, 𝑝 = 0.606). The two designs again achieve Bangor et al.’s usability benchmark of “acceptable” (70.62) and
“high marginal acceptable” (68.86), respectively.

6.4.2 Reading and Interacting with RSVP Notifications In-the-wild. We first categorized notifications into standalone
notifications and consecutive notifications following the same rationale as described in Section 5. Across all participants,
a total of 83,795 RSVP notifications were triggered, with an average of 3,643 (𝑆𝐷 = 5, 333) per participant. Among these,
the majority (71.07%; 𝑆𝐷 = 32.23) were consecutive notifications.

In total, our participants clicked the play to read notifications in RSVP 2,284 times, with an average of 99.3 times
(SD=93.07) per participant. As the majority of notifications received by participants were consecutive notifications,
participants using grouping by app (Group A) and grouping by title (Group T) also "played" the respective types of
notifications more often with A: 53.74% (𝑆𝐷 = 30.29) and T:64.95% (𝑆𝐷 = 21.85) of the times in average. While
participants of either group received around 70% of the consecutive notifications (Group A: 69.46%; Group T: 72.55%),
we found that participants in Group A had a relatively balanced result of "plays" between standalone notifications and
consecutive notifications. A possible explanation is that participants in Group A were able to read more consecutive
notifications in a single reading flow, resulting in fewer total clicks while reading them.

To take a closer look at participants’ RSVP reading patterns in the two prototypes, we calculated the ratio of the
number of play clicks to the number of notifications read. More specifically, how many notifications could a user read,
on average, in an RSVP reading flow (i.e., per one play click). In general, participants read 1.76 (SD=1) notifications
per one play click. Interestingly, we found differences in such a ratio between Group T and Group A. Users in Group
A could read roughly two notifications (𝑀 = 2.02 (𝑆𝐷 = 1.39)) per play click, whereas those in Group T read less
(𝑀 = 1.52 (𝑆𝐷 = 0.31). The result suggested that grouping by app may help users to aggregate more notifications in
their RSVP reading flows, which was further supported by the fact that users in Group A almost exclusively play their
notifications within "parent notifications" (𝑀 = 93.38% (𝑆𝐷 = 8.47)) instead of in "child notifications." As a reminder,
the former creates longer RSVP reading flows and displays all notifications from the same application. The latter, same
as that in grouping by title of Group T, only displays notifications under the same title.

6.4.3 Investigation of RSVP Notification Reading In-The-Wild.

Default Global Display Speed Changes: Among 23 participants, the average initial display speed was set to 305
WPM (SD=95.85). The average speed after finishing the study was 320.57 WPM (SD=128.89). In total, eight participants
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Table 1. Completion rate, reading portion, reading span, and aborted reading span of each type of notification.

Notification Type Short Medium Long
Completion Rate
(% of the type
of notification)

91.74
(SD=7.55)

70.68
(SD=19.7)

37.67
(SD=29.4)

Reading Portion
(% of a notification)

95.83
(SD=3.94)

82.33
(SD=12.92)

54.32
(SD=27.25)

Reading Span
(second)

0.94
(SD=0.42)

5.77
(SD=2.8)

32.07
(SD=29.19)

Aborted Reading Span
(second)

0.48
(SD=0.65)

1.88
(SD=1.67)

9.65
(SD=15.03)

changed their speed during the study: among which five increased it by an average of 85 WPM (SD=49.25); three
decreased it by an average of 22.33 WPM (SD=18.82).

Impromptu Display Speed Changes: Consistent with the lab study’s findings, our participants seldom changed
their display speed impromptu while reading short notifications (≤10 words). More specifically, among 2,888 such
reading events, only nine times (0.31%) was the speed changed while reading. Regarding findings for reading medium-
length (11-30 words) and long (>30 words) notifications, however, a discrepancy was found between the lab study
and the field study. In the former, one-third of participants adjusted their speed while reading, and two-thirds of the
participants did so when reading long notifications; in the latter, respectively, participants rarely changed their speed
impromptu. Out of 426 reading events of medium length, only four times (0.94%) were the speed adjusted; from 254
long notifications, only seven times (2.76%) were the speed adjusted. On average, participants adjusted their speed
impromptu 0.87 times (SD=1.74) during the study, with 13 participants never changing it impromptu. In other words, in
most cases, participants keep the same speed to read through notifications.

Attention Span Based on Notification Length: Participants, on average, read 9.26 words (SD=4.8) per notification
and finished reading on average 89.5% (SD=6.1) of a notification’s contents once they "played" it. In terms of the reading
completion rate (i.e., the ratio of notifications that participants read through), participants finished reading 83.54%
(SD=10.78) of the notifications that they played, which spent an average of 3.36 seconds (SD=5.05). When notifications
were not finished, they were aborted after an average of 4.02 seconds (SD=4.59). However, we found different reading
patterns with different lengths when we separated notification reading events based on their length: short (≤10 words),
medium (11-30 words), and long (>30 words) (see Table 1).

For short notifications, participants, on average, finished reading through 95.83% (SD=3.94) of such notifications and
finished reading 91.74%(SD=7.55) of the contents once they played. They spent less than a second (Mean=0.94; SD=0.42)
to finish such reading events, and all of the unfinished reading events were aborted after an average of 0.48 seconds
(SD=0.65). As the notification length increased, perhaps expected, fewer portions of notifications were read, with an
average of 82.33% (SD=12.92) and 54.32% (SD=27.25) for medium and long notifications, respectively. Furthermore, a
decreasing trend in the averaged reading completion rate (medium: 70.68% (SD=19.72); long: 37.67% (SD=29.4)), and
an increasing trend in the averaged period (medium: 5.77 seconds (SD=2.8); long: 32.07 seconds (SD=29.19)) were
found in longer notification reading events: medium and long notification reading. For those longer reading events left
unfinished, participants aborted them after 1.88 seconds (SD=1.67) and 9.65 seconds (SD=15.03) on average in medium
and long notification reading, respectively.

The general trend of: "the longer the text, the more likely the reading event will be aborted" could be further supported
by the decreasing trend of the reading retention rate (i.e., the ratio of a notification still being read at ℓ where ℓ ≤ the
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Fig. 5. RSVP notification reading retention rate at each length. Notifications with lengths no greater than 50 words comprise 95% of
all reading events.

length of the notification) as the length increases (see Figure 5). Note that the time users abort a reading of medium or
long notifications is generally much shorter than the average time they could finish such reading events. We speculate
that instead of having a generic "attention threshold" for reading notifications in RSVP, the attention resources may be
adjusted based on their in-situ reading experiences. More specifically, during a mobile RSVP notification reading, they
may quickly decide, at least faster than the time they need to finish the reading, to either continue reading, give up
halfway, or finish reading and perform the following action (e.g., click on or dismiss a notification). Longer notifications
could also mean higher chances that users will change their attention level during reading events.

6.5 Qualitative Feedback

General feedback on SpeedNotification reflected easier and more efficient access to notifications enabled by our proposed
notification grouping, grouping by title, as noted by P8: "You can consume more of the notification without having to

click into the application. Scrolling isn’t needed.". When asked about what features they especially liked, grouping by
title was mentioned again: "The clear classification made it easier for me to know what kind of information it was" (P10).
For grouping by app, two participants indicated that being able to expand and collapse grouped notifications was
helpful. However, one participant in Group A complained about the extra complexity induced by the feature: "For the
normal (traditional) notifications, I just need to slide down and I can see all the notifications. It’s much easier and more

flexible. But with this app, I have to click the button." Seven participants praised the rapid presentation of text with RSVP
notifications, indicating that it allows them to read faster. Better focus and better comprehension are other advantages
mentioned: "Since we are reading it word-by-word, it’s less likely that we miss a keyword, especially in a shorter message."

(P3), indicating that SpeedNotification inherited the advantages of RSVP reading found in the literature [11].
Participants also reported how various factors affected their mobile RSVP notification reading experiences. Regarding

the effect of notification length, overall, shorter notifications were widely preferred over longer ones, with eleven
participants confirming this in their comments, aligning with our lab study findings. With a similar token, most
participants expressed negative sentiment towards longer notifications, citing reasons such as demanding time and
effort, lack of efficiency (P2), and more difficulty in focusing when reading (P4). Other reasons for the unpleasant
experience include difficulty in remembering the whole message due to lack of patience (P13), and irrelevant contents
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when reading, such as Email closings and styling characters (P14, P23). Finally, mobile RSVP notification reading
experiences were reported to be influenced by notification types: fourteen participants preferred instant messages,
specifying that they are shorter and demand only fragmented attention.

7 DISCUSSION

The design of SpeedNotification was focused on the two main design parameters we identified in mobile RSVP
notification reading: notification grouping and functionality. For the former, the feature grouping by app explored a
more efficient notification clustering concept. Indeed, our studies showed that by aggregating more notifications into
one, we could facilitate users’ RSVP reading flow by allowing them to read more notifications within one play event.
However, potential usability issues could be induced by interacting with more buttons to overview all notifications
collected in a cluster. Those issues made the reading experience less user-friendly than its grouping by title counterpart.
This was also reflected in the achieved usability scores, as grouping by app was rated lower than “acceptable” in both
the lab and field study. The implication for future systems is to apply notification grouping mechanisms that enable an
overview of all notifications without inducing additional interaction complexity. Further, the feature with “acceptable”
usability scores: grouping by title favors notifications stemming from messaging apps, which are often consecutive
short prompts and are the type of notifications most valued by users [10, 36]. By considering users’ reading habits,
difficulty in comprehension, and familiarity with the contents of different notifications, future systems could adjust the
reading mechanism accordingly to fully reveal the benefits of RSVP reading for different notification types.

To assess SpeedNotification’s functionality, we investigated 23 users’ RSVP notification reading in both a lab and
field study. From the field study, we found that even within one week, our participants’ reading speed in RSVP increased
by up to 36%, which corroborates with prior work [34]. As these adjustments happened over the first few days while
using the app, future systems may include a “training period” for users to adapt to RSVP reading and adjust its speed
gradually. Our manual speed adjustment system was simply a preliminary design proposal, and future systems should
consider more implicit options for speed controller, e.g., based on text length and integration of physiological signals
indicative of attention levels, such as eye gaze, eye blink, or heart rate [9, 18, 42].

Our findings in medium and long notifications reading’s impromptu speed adjustment elicited a discrepancy between
the lab study and the field study. We found that the field study participants exhibited a much lower tendency to adjust
speed impromptu compared to those in the lab study. A possible explanation is that participants in the lab study were
informed that their notification comprehension was to be tested. Thus, they may have paid more attention to the
reading to ensure better understanding, leading to adjusting the speed more often while reading. On the other hand,
users may not necessarily pay a similar amount of cognitive attention when reading notifications in everyday settings.
Such fluctuating attention levels could potentially be caused by distractions and fatigue. Consequently, the speed was
less often adjusted in real-time. However, considering our small sample size and relatively short experiment period, we
cannot simply conclude that changing speed impromptu is not important for RSVP notifications. Instead, we encourage
future systems to explore such functionality with a broader population and for longer periods and explore more input
and output modalities on mobile devices to support the design, which we elaborate on as follows.

7.1 Design Space for Future Notification Systems Incorporating RSVP

Indeed, comparing an early-stage designwith established systems can be unreasonable and harmful to novel ideas [17, 28].
Thus, this work does not intend to compare RSVP notifications to the current standards (e.g., Android, iOS). Especially,
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RSVP notification assessments are likely to be negatively influenced by the novelty effects that RSVP introduces and by
the alienating effect induced by forced reading speeds [11]).

RSVP notification reading, at this point, is still immature and under-explored. To this end, this paper serves as a
preliminary exploration of the potential and design space of RSVP mobile notification systems. Specifically, our findings
across the three studies revealed a preference and feasibility of RSVP for short (within 10 words) and medium (within
30 words) length notifications — common length caps for notifications displayed in Android and iOS systems. This
suggests a potential RSVP applicability to mobile notification systems that users are familiar with. Moreover, via our
proposed notification grouping mechanisms, RSVP notifications could potentially mitigate information overload by
reducing the number of stacked notification prompts [30]. Future research will benefit from these findings by extending
the concept of mobile RSVP notifications with SpeedNotification as a baseline for comparative investigations. Based on
our investigations, we propose three design themes for future notification systems utilizing RSVP:

7.1.1 Notification Grouping Mechanism. Identified as one of our main design parameters, notification grouping could
maximize the RSVP reading advantage by aggregating notification reading flows. For this purpose, we have explored
two grouping mechanisms: grouping by title and grouping by application. Building upon our findings, future systems
should also explore other possibilities to better aggregate notifications displayed in RSVP while providing an intuitive
navigation experience (e.g., application category, notification length), striking a finer balance between reading flow and
interaction complexity.

7.1.2 Flexible and Adjustable Reading Experience. While RSVP benefits notification reading in certain contexts, users
generally expect more flexibility, such as quickly grasping the topic before reading a lengthy message or switching
back to non-RSVP reading when needed. A one-fit-for-all RSVP experience may not be feasible all the time. Future
RSVP notifications should explore a better utilization of the screen space freed up by displaying only one word at a
time and provide better reading flexibility, such as displaying notification keywords when the RSVP display is idle. As
users’ RSVP reading experiences vary depending on the notification types, future systems should also consider more
user-specific RSVP configurations, for example, by enabling the customization of the control panel based on notification
meta-data (e.g., application category, notification length) to adjust to different reading contexts.

7.1.3 Interaction Augmentations. Future mobile RSVP notification systems could explore using smartphone sensor
data to improve the reading experience through, e.g., Intangible Controls and Context-aware Adjustment. For the former,
gyroscope input could be used to adjust impromptu RSVP display speed or to switch among different notifications, and
microphones could enable voice input. By freeing users from touch-based interactions [10], future RSVP notification
systems could provide more intuitive, seamless, and unobtrusive interactions. For Context-aware Adjustment, as users
may have different preferences for RSVP presentations based on their activity context, such as sitting and walking [35],
future systems could adjust to users’ identified on-going activities and adapt a suitable RSVP configuration accordingly.

8 CONCLUSION

We presented a series of three studies as a user-centered design approach to incorporate RSVP into mobile notification
reading. First, we conducted a formative focus group and identified two main design parameters for RSVP notifications:
functionality and notification grouping. Based on those insights, we built an RSVP notification system prototype —
SpeedNotification — and tested its perceived usability and satisfaction in a controlled lab study. Finally, we evaluated
users’ experiences and interactions with RSVP notifications via SpeedNotification by conducting a one-week field study.
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Our findings throughout the three studies suggest that RSVP is more feasible for shorter notifications (e.g., instant
messages) than longer ones (e.g., lengthy emails). In addition, users want functionalities that enable reading flexibility
(e.g., overviewing and navigating among notifications). Finally, grouping notifications by title (e.g., names of messaging
contacts, news headlines) creates an effective RSVP reading flow and can avoid overly complex interfaces to navigate
notifications. With our findings, we inform the design of future systems that incorporate RSVP for notifications.
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