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ABSTRACT
Researchers have proposed various approaches to increase moti-
vation for learning. However, in many cases, they are designed to
boost motivation but fall short of creating learning habits. Gamifica-
tion and competition between peers are widely used to urge people
to, for example, do more steps in a day. E-learning platforms often
use leaderboards to visualize peer progress, but their effectiveness
is limited to when users open the platform. In this work, we use
notifications to inform peers of each other’s progress in real-time
to increase motivation for learning. In an in-the-wild study with 19
participants, we investigate the impact of peer-awareness on learn-
ing by comparing real-time notifications (sent immediately after
peers’ progress) with interval-based notifications (sent at random
intervals). Contrary to our initial expectations, our findings reveal
that interval-based notifications are more effective in promoting
learning activities. We introduce the Peer-Aware Learning System
(PALS), a mobile application designed to simulate peer effects and
provide insights from our user study on notification timing strate-
gies for enhancing learning motivation.

CCS CONCEPTS
• Human-centered computing→ Empirical studies in ubiq-
uitous and mobile computing.
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1 INTRODUCTION
Creating good learning habits is inherently challenging for many
individuals. To trigger learning activities, motivation plays an im-
portant role [9, 12, 16]. Researchers have proposed some approaches
to increase motivation. However, it remains challenging to keep
motivation high over longer periods of time.

Learning with peers has been recognized as an effective method
to boost motivation [2, 6, 24]. When we study with peers, such
as friends or classmates, we tend to be affected by their behavior
and progress. For example, research has shown that learning about
an academic gap between you and your peers can motivate you
to catch up with them [4, 25]. Based on these so-called “peer ef-
fects” [2, 11, 21], we call the learning approach that leverages peer
effects, peer-aware learning. Peer-aware learning has been applied
to e-learning, e.g., leaderboards visualizing the progress of peers,
have been shown to be effective in increasing motivation [13, 30].
However, people can be aware of their peers’ progress only when
they check the leaderboards, and this may reduce the effectiveness
of peer effects.

To solve this problem, we consider amplifying peer effects us-
ing mobile notifications. Notifications have been used in mobile
learning applications to remind and engage users to learn [7, 8, 18].
Notifications can also be used to summarize the content of leader-
boards and make users aware of their peers’ progress. We call this
approach, peer-aware notifications.

In this work, we aim to leverage notifications to foster peer-
awareness and increase motivation. However, there are several
factors to consider when designing peer-aware notifications, such
as the timing and content of notifications. To investigate the im-
pact of notification timing, we conducted an in-the-wild study with
19 participants and compared the effectiveness of real-time and
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interval-based notifications. Real-time notifications are sent immedi-
ately after peers make progress, while interval-based notifications
are sent at random intervals, both describing peers’ progress. We
hypothesize that with real-time notifications, learners can become
more aware of their peers and feel closer to them, which can moti-
vate them to learn more. In addition, this experiment was designed
with the understanding that frequent and numerous notifications
can be stressful for users [17, 19, 20, 22, 28, 29]. However, we hy-
pothesize that real-time notifications could overcome this issue by
fostering peer-awareness.

Contrary to our initial expectations, the results indicate that
interval-based notifications are more effective than real-time notifi-
cations. This highlights the importance of notification timing and
provides insights for system designers aiming to leverage peer ef-
fects in learning applications. The main contributions of this paper
are as follows:

• We developed a mobile application called Peer-Aware Learn-
ing System (PALS) to simulate peer effects and compare dif-
ferent notification timings aimed at triggering learning ac-
tivities.

• We conducted an in-the-wild user study to compare the
effectiveness of real-time and interval-based notifications.

2 RELATEDWORK
2.1 Peer Effects in Education
The education literature provides a large corpus of works where
peer effects were applied and tested in educational settings, demon-
strating the impact on learners’ motivation [1, 4, 6, 24–26, 30, 31].

The digitization of education technology and the pervasiveness
of mobile devices have stimulated more research on the topic in
the computing domain. In the field of e-learning, the effects of
using leaderboards have been investigated [13, 23]. Some studies
investigated peer effects in e-learning other than leaderboards [10,
30]. For example, Zhang investigated how peer effects occur while
students ask and answer questions in online forums.

2.2 Notifications
Researchers have investigated the effectiveness and issues of no-
tifications in various contexts. Notifications can serve as timely
reminders or prompts to engage in specific activities, including
learning. Different researchers have shown the effectiveness of us-
ing notifications for learning [7, 8, 18]. For example, Dingler et al.
proposed a language learning system that sends notifications to
users to learn new words. Contrary to the effectiveness, it has been
known that frequent and numerous notifications can be stressful for
users [17, 19, 20, 22, 28, 29]. To reduce the burden of notifications,
researchers have proposed various approaches to send notifications
at optimal timings [5, 7, 14] or summarize notifications [15, 27].

3 PEER-AWARE LEARNING SYSTEM (PALS)
We developed a mobile application called Peer-Aware Learning
System (PALS) to simulate peer effects and compare the notification
timings on peer-aware learning. The application works on iOS and
Android smartphones. This application enables users to study be-
ing aware of their peers’ progress by leaderboard and notifications.

PALS consists of the following features: learning materials (Section
3.1), leaderboard (Section 3.2), and notifications (Section 3.3). The
user interfaces of PALS are shown in Figure 1.

3.1 Learning material
PALS provides English vocabulary flashcards as shown in Figure 1a.
Each card shows an English word, and users can show its definition
or Japanese translation by tapping buttons. The Japanese transla-
tions of the words are generated by Google Translate API1. When
users check the card, they can mark if they remember the word or
not. To reduce the burden and increase the frequency of learning,
microlearning is applied. Microlearning is a learning method that
provides small learning units to users [3, 8]. In our system, users
learn three words in one learning session, and they can repeat the
session as many times as they want. The learning session is com-
pleted when users think they have remembered all three words “by
heart.” For each learning session, three words are randomly selected
from the GRE Wordlist2 consisting of 1,162 words that frequently
appear in the GRE test3.

3.2 Leaderboard
To make users aware of their peers, PALS provides a leaderboard
that describes their peers’ latest progress as shown in Figure 1b.
The leaderboard shows the ranking of the number of words learned
by peers, and it updates just after peers make progress. The score
shown in the leaderboard is the total number of words learned by
peers. Users can change the term, e.g., daily, weekly, or monthly, to
see the ranking in the selected term.

3.3 Notifications
In addition to the leaderboard, PALS provides notifications to make
users aware of their peers’ progress. There are two modes of notifi-
cations, which are real-time and interval-based notifications.

3.3.1 Real-time notifications. Real-time notifications are sent just
after peers make progress. The messages of the notifications de-
scribe the real-time learning activity of peers. For example, when
John, one of your peers, studies for the first time today, you will re-
ceive a notification saying “John has started his study!”, while John
additionally learns three words later, you will receive a notification
saying “John learned three words!”.

3.3.2 Interval-based notifications. Interval-based notifications are
sent at random moments throughout the day. These notifications
are issued five times daily, with the timing randomly chosen from
16 options: 8 am, 9 am, . . . , and 11 pm. This is selected without
biasing the timing to a certain time. The messages of the notifi-
cations describe the learning activity done by peers between the
last notification and the current notification. For example, when
John learns three words, and then Mary learns two words, you will
receive a notification saying “Your peers learned five words!”.
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(a) Learning material (b) Leaderboard (c) Notifications

Figure 1: User interfaces of Peer-Aware Learning System (PALS). Each figure shows (a) learning material, (b) leaderboard, and (c)
notifications of PALS.
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Figure 2: The overview of the experiment. Before the main session, we created groups and the participant declared their
commitment to the study. During the main session, participants experienced two modes of notifications. The order of the
modes was counterbalanced. After the main session, participants answered questionnaires about their experience.

4 EXPERIMENT
We conducted a user study to compare the effectiveness of the real-
time and interval-based notifications. We recruited 19 participants
(1 female) and their ages ranged from 19 to 25 (𝑀 = 21.58, 𝑆𝐷 =

1.50). All participants were Japanese university or graduate school
students, and their native language was Japanese. For participation,
we gave a maximum of 5,000 JPY (approximately 30 USD) Amazon
gift cards to each participant when they completed the study. The
amount of the payment was determined by the percentage of the
days the participant responded to at least one notification from
PALS. This was informed to participants before the study. The
experiment was conducted fully online, and it consisted of three
phases: pre-study (Section 4.1), main session (Section 4.2), and post-
study (Section 4.3). The main session was conducted for 14 days.
This experiment was approved by the ethics committee in advance.

4.1 Pre-study
We created five groups, which are groups A, B, C, D, and E. Only
group E had three participants, and the other groups had four
participants. Since it is difficult to create groups with their actual
peers, we chose the group members in order of participation.

1https://cloud.google.com/translate
2https://gist.github.com/yiRMT/bc39eac36ebb5e6083f233899fe39dad
3https://www.ets.org/gre.html

After creating groups, we conducted online meeting sessions for
each group to explain the experiment and let them know each other.
During the meeting, we asked them to introduce themselves and
declare their commitment to the study. The commitment was about
their goal setting which was the number of words they learn per day,
e.g., “I will learn 10words per day during this study”. Then, we asked
them to install PALS on their smartphones and explained how to
use it. Also, we asked them to answer demographic questionnaires,
including age, gender, and native language.

4.2 Main Session
During the main session, participants were asked to learn English
words using PALS anytime they wanted. Each participant experi-
enced two modes of notifications during the main session. In the
first 7 days, participants experienced real-time or interval-based
notifications, and in the last 7 days, they experienced the other. To
reduce the order effects, groups A and B started the main session
with interval-based notifications, and groups C, D and E started
with real-time notifications. To analyze the behavior of participants
during the main session, we collected the data shown in Table 1.
Each event was recorded immediately after it occurred.

4.3 Post-study
After the main session, we asked participants to answer question-
naires about their English learning ability, their general experience
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Table 1: Data collected during the main session.

Event Description

app_foreground Timestamp the participant opened the app
received_notifications Timestamp the participant received notifications
tapped_notifications Timestamp the participant tapped the notifications
begin_study Timestamp the participant started learning words
end_study Timestamp the participant ended learning words
tapped_leaderboard Timestamp the participant tapped the leaderboard

against notifications in their daily lives, and their experience dur-
ing the main session. The questionnaires were answered using a
5-point Likert scale and free description.
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Figure 3: Number of words learned under different notifica-
tion timings.
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Figure 4: Notification reaction rate under different notifica-
tion timings, which is calculated by dividing the number of
tapped notifications by the number of received notifications.

5 RESULTS AND DISCUSSION
The number of words learned during each condition is shown in
Figure 3. The x-axis shows participant IDs, and the y-axis shows
the number of words learned. The prefix of the participant ID
indicates the group ID, e.g., the group ID for participant A1 is A.
We conducted a dependent t-test to compare the number of words
learned between the two conditions. The result showed that there
was a significant difference between the two conditions (𝑡 = 2.296,
𝑝 = .034 (< .05)), and it suggests that the interval-based notifications
were more effective in terms of the number of words learned.

The notification reaction rate under different notification tim-
ings is shown in Figure 4. The x-axis shows participant IDs, and
the y-axis shows the notification reaction rate, which is calculated
by dividing the number of tapped notifications by the number of
received notifications. We conducted a dependent t-test to compare
the notification reaction rate between the two conditions. The re-
sults showed that there was a significant difference between the
two conditions (𝑡 = 2.692, 𝑝 = .015 (< .05)), and it suggests that
the interval-based notifications were more effective in terms of the
notification reaction rate.

In the post-study questionnaires, we asked participants in which
condition they were more aware of their peers’ progress. They
answered on a 5-point Likert scale, where 1 is real-time notifications
and 5 is interval-based notifications, and the average value was 3.05
(𝑆𝐷 = 1.35). This implies that participants were relatively aware of
their peers’ progress in the interval-based notifications condition.

Therefore, the results showed that it is more effective to notify
the progress of peers at interval-based timing than in real-time
in terms of the number of words learned and the notification re-
action rate. The post-study questionnaires imply that it may be
because participants were more aware of their peers’ progress in
the interval-based notifications condition, and it motivated them to
learn more words. In addition, it may be possible that the real-time
notifications were too frequent and participants were annoyed by
them, as researchers have reported that excessive notifications can
reduce the effectiveness of notifications [17, 19, 20, 22, 28, 29].

6 CONCLUSION AND FUTUREWORK
In this paper, we described the preliminary results for the develop-
ment of a peer-aware learning approach to amplify peer effects in
mobile learning applications. We developed a mobile application
called Peer-Aware Learning System (PALS) to simulate peer effects
and compare the notification timings on peer-aware learning. We
conducted an in-the-wild user study to compare the effectiveness of
real-time and interval-based notifications. The results showed that
it is more effective to notify the progress of peers at interval-based
timing than in real-time. The findings of this study can contribute
to the design of mobile learning applications that leverage peer
effects to enhance motivation and improve learning outcomes.
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