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notification	management
(Chang	et	al.	2015,	Mehrotra et	al.	2016,	Sahami Shirazi et	al.	2014,	
Schulze	et	al.	2014,	Schulze	et	al.	2016,	Weber	et	al.	2016)	



notification	attentiveness
(Chang	et	al.	2015,	Mehrotra et	al.	2016,	Pielot 2014,	Sahami Shirazi et	al.	
2014,	Schulze	et	al.	2014,	Schulze	et	al.	2016,	Weber	et	al.	2016)	
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ABSTRACT
Smart devices have arrived in our everyday lives. Being able
to notify the user about events is a core feature of these devices.
Related work investigated interruptions caused by notifications
on single devices. In this paper, we investigate notifications
in multi-device environments by analyzing the results of a
week-long in-situ study with 16 participants. We used the
Experience Sampling Method (ESM) and recorded the partic-
ipants’ interaction with smartphones, smartwatches, tablets
and PCs. Disregarding the type or content of notifications, we
found that the smartphone is the preferred device on which
to be notified. Further, we found that the proximity to the de-
vice, whether it is currently being used and the user’s current
location can be used to predict if the user wants to receive
notifications on a device. The findings can be used to design
future multi-device aware smart notification systems.
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INTRODUCTION AND BACKGROUND
Smart devices are becoming more and more ubiquitous. From
desktop computers to laptops, smartphones, tablets and smart-
watches — always connected devices have arrived in our ev-
eryday lives. One of the core features of smart devices is the
ability to notify the user about various events, such as new
messages or software updates. Depending on the application,
notifications about an event can be shown on one or on mul-
tiple devices at the same time. Figure 1 shows an exemplary
multi-device scenario where a user is interacting with a laptop,
while wearing a smartwatch, with a smartphone and tablet
placed on the desk. Assuming every device in this scenario
has an email client installed, a single email causes all four
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Figure 1. An exemplary multi-device environment with a laptop, smart-
phone, tablet and smartwatch.

devices to notify the user. Disruptive effects caused by no-
tifications are therefore amplified by the increasing number
of devices around us. On the other hand, a text message on
the smartphone might not be shown on other devices. This
might prompt the user to pick up the smartphone and therefore
interrupts the current work on the laptop.

A body of related work already investigated interruptions
caused by notifications and resulting distractive effects on
different types of devices. Iqbal and Horvitz conducted a
field study about email notifications on computers at the work-
place [9]. They show that notifications can disrupt the users’
current task. In the field study, they disabled email notifica-
tions for two weeks and noticed that some participants inter-
rupted themselves to check for new emails. The researchers
conclude that, while notifications are distracting, they are val-
ued by users because they enable “passive awareness”. Pielot
et al. conducted an in-situ study of mobile notifications with 15
participants [12]. Participants in the study received on average
63.5 notifications per day. Even in silent mode, notifications
were viewed withing minutes. Sahami Shirazi et al. assessed
mobile notifications using a research in the large approach [14,
16]. Using an Android app, the researchers collected almost
200 million notifications from more than 40,000 users. They
conclude that important notifications are about messaging,
people and events. While not all kinds of notifications are im-
portant, many were clicked within 30 seconds. Sahami Shirazi
and Henze also conducted an in-situ study about notifications
on smartwatches [15]. The results of the study show that on
smartwatches participants favored notifications from calendar
and VOIP applications.
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interruptibility prediction
(Kim	et	al.,	2015,	Mehrotra et	al.	2015,	Pejovic et	al.,	2014,	Pielot et	al.	2014,	Poppinga et	al.	2014,	Sahami
Shirazi et	al.	2014,	Stern	et	al.	2011,	Turner	et	al.,	2015,		Yuan	et	al.,	2017)	
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(Pielot et	al.	2015a,	Pielot et	al.	2015b,	Matic et	al.	2015)



MOBILE 
CROWDSOURCING



Ilarri, Wolfson, & Delot, 2014; Mohan, 
Padmanabhan, & Ramjee, 2008; Thiagarajan et 
al., 2009; X. Zhang, Gong, Xu, Tang, & Liu, 
2012; Zhu, Li, Zhu, Li, & Zhang, 2013

Reporting	Traffic	Condition



K. Hu, Wang, Rahman, & Sivaraman, 2014; 
Kanjo, Bacon, Roberts, & Landshoff, 2009; 
Paulos, Honicky, & Goodman, 2007

Measuring	Air	Quality



(Deng & Cox, 2009; Dong, Kanhere, Chou, & 
Bulusu, 2008

Sharing	Prices



(Farkas, Feher, Benczur, & Sidlo, 2015; 
Thiagarajan, Biagioni, Gerlich, & Eriksson, 
2010; Tomasic, Zimmerman, Steinfeld, & 
Huang, 2014; Zhou, Zheng, & Li, 2012; 
Zimmerman et al., 2011a)

Sharing	Bus	Location



(Coric & Gruteser, 2013; Villanueva, Villa, 
Santofimia, Barba, & Lopez, 2015)

Reporting	Parking



(Chang et al., 2015; Chang et al., 2017)

Annotating	Activity

















MOBILE 
CROWDSOURCING



MOBILE 
CROWDSOURCING



Mobile	Crowdsourcing	
Platform



Predicting	Opportune	
Moments

Identifying	“Appropriate”	
Participants



Thank	you	for	your	attention!

交大資工

張永儒 (Stanley	Chang)

armuro@cs.nctu.edu.tw


