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ABSTRACT
Notifications are advantageous to users, but they could cause in-
terruptions when appearing at inopportune moments. Research
has suggested that multiple stages are possibly involved in the no-
tification responding process, including the phone generating an
alert, the user roughly glancing it, engaging with it, and acting on
it. Nevertheless, how users’ perceived opportune moment for each
stage correlates with each other remains unclear. Using experience
sampling method, we show that users’ perceived opportune mo-
ment for each stages differed. This result needs further in-depth
investigation into the precisely defined opportune moment for each
stages and its underlying key factors.

CCS CONCEPTS
• Human-centered computing → Empirical studies in ubiq-
uitous and mobile computing.
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1 INTRODUCTION
While notifications offer users instant access to needed informa-
tion, they can be troublesome on some occasions. For example,
overwhelming notifications that carry undesirable information can
cause stress [9]. Prior research has shown that smartphone users
prefer to see notifications from certain sources [1] and people[3].
Beyond preference, research has shown that notifications deliv-
ered at inopportune moments, such as when concentrating on a
complex task at hand[4], are considered disruptive. Prior research
thus has sought to identify opportune moments for sending notifica-
tions. However, the main body of research has been investigating
opportune moments either from a general sense or with a primary
focus on the responding action on the delivered content[5, 7]; little
research distinguishes users’ perceived opportune moment for dif-
ferent stages involved in the process of responding notifications,
commonly considered to include at least noticing the alert, attend-
ing, and responding [1, 2], with other works further separating
attending into two stages: focusing and reading [6]. Given that
research has identified factors associated with one of these stages,
users’ perception of the opportune moment for these individual
stages is also likely to vary. Nevertheless, the existing literature
lacks the understanding of: 1) how the overall opportune moment
for notifications and for each of these stages correlate with each
other respectively, 2) what differences exist in the set of factors
that influence the perceived opportune moment for each of the
stages. We conducted an experience sampling study (ESM) with 74
smartphone users using a research app we built. The app generated
ESM questionnaires that asked participants about their perception
of the opportune moment for each stages.

2 STUDY METHOD
Initially 78 participants were recruited for two weeks, out of which
4 participants withdrew from the study. The remaining 74 partici-
pants (male = 31 and female = 43) were aged between 20 to 55.

We collect data through the Minuku app, which delivers a ques-
tionnaire when a notification occurs. Participants are free to decide
whether to complete the questionnaire or to ignore it. The buffer
time between each questionnaire is 60 minutes. In the question-
naire, participants assessed how opportune the moment was for
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each of the four stages for the sampled notification: 1) generating
an alert (Alert), 2) glancing the notification (Glance), 3) tapping
into the notification to engage with the notified content (Engage),
and 4) acting upon the notified content (Act) as well as the overall
opportuneness of that notification, all five factors assessed through
a seven-level Likert scale. The questionnaire contained a total of 20
factors, which are all found to be influential on at least one stage in
prior studies. Participants assessed the status of each factor, as well
as the impact they thought the factor had on their assessment of
how opportune the moment was for each stage. ESM questionnaires
were delivered within a 14-hour window via notifications, at most
eight times per day, and will be removed if they were not responded
by the participant within 30 minutes. Participants received cash
compensation of $300 TWD (approximately $10 USD) and $20 TWD
for each completed questionnaire.

3 RESULTS
We received 326,560 phone notifications and 5,451 ESM responses.
The analyzed data is 5,080 ESM responses after data cleaning.
Among these responses, participants’ average ratings of the op-
portuneness for each stage and the overall were 0.003 (Alert), 0.164
(Glance), -0.131 (Engage), -0.193 (Act), and -0.101 (Overall). Gener-
ally, participants assessed the sampled moments as more opportune
to glance notifications than the other interactions. Below is the
results of our first research question: how do the overall opportune
moment for notifications and the opportune moments for each
stages correlate with each other respectively?

Figure 1: Spearman’s rank correlation coefficient(ρ) between
different interactios’ opportunness and general moment op-
portuneness. All correlations are significant at the 0.001
level.

We conducted the Spearman’s rank correlation, and the results
are shown in Figure 1. The results indicate that the five types of op-
portune moments are generally correlated with each other, with all
the five correlations being at least 0.68. However, perceived oppor-
tune moments for some stages were more similar to each other than
the other pairs. For example, the overall opportune moment was
perceived to be the closest to the opportune moment for Engage and
Act. Note that the correlation between the overall opportune mo-
ment and the opportune moment for delivering alert is 0.725, which
is still correlated but noticeably lower than those for the two latter
stages. Second, the opportune moment for a particular interaction
tended to be opportune also for a neighbor interaction, especially

the subsequent interaction. Note that, participants perceived the
opportune moments for the last three stages as conceptually closer,
resulting in the opportune moment for delivering alert being the
most distinct stage among the four stages. Lastly, the opportune
moments for the last two stages were perceived to be the closest,
suggesting that from the users’ perspectives, the moment suitable
for engaging with notifications were most of the time also suit-
able for acting upon it. This finding is consistent with [8], which
suggests that many users reportedly only spent time reading full
messages when they were ready to respond to the message.

4 CONCLUSION
We show that the opportune moment for each stages involved in the
notification responding process differed. This result needs a more
precisely defined opportune moment for each stage. Our future
work will identify the differences that exist in the set of factors that
influence the opportune moment for each stages.
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