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Sleep is one of the most essential elements for our health. Nevertheless, overall sleep 
hygiene is going to decrease nowadays. One of the major reasons that worsens sleep 
hygiene is our smartphone use before sleep. Thus, this study aims to explore design 
opportunities for improving sleep hygiene by inducing people to reduce their smartphone use 
in an unobtrusive manner. To figure out habitual behaviors related with smartphone use 
before sleep, we have conducted a series of focus group interviews. The results indicated that 
participants tend to use their smartphone without being aware of the negative influence on 
sleep quality. Based on the findings, we developed apparatus with ambient lighting. We 
deployed and interviewed its uses through a field study with eight participants. To conclude, 
the ambient lighting notification could help them to be easily aware of their smartphone use 
patterns and reduce its usage time before sleep. The implications and further study are 
discussed as well.    
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1 Introduction 
Researchers, academics and practitioners are invited to submit a paper for the IASDR Sleep 
has made a great impact on our lives as one of the most important factors in staying healthy. 
For good sleep, the quality of sleep is more important, rather than simply increasing the 
amount of sleep (Pilcher, Ginter, & Sadowsky, 1997). When the quality of sleep is poor, it 
causes the feelings of depression (Dijk & Czeisler, 1995), anxiety, fatigue, and confusion. In 
addition, it reduces the effectiveness of study and work in daily life (Wyatt, Cecco, Czeisler, 
& Dijk, 1999; Zeitzer, Dijk, Kronauer, Brown, & Czeisler, 2000) and negatively affects 
interpersonal relationships as well (Alvarez, Dahlitz, Vignau, & Parkes, 1992). Thus, having 
a good sleep is of importance for both physical and mental health. 

The quality of sleep is dependent on how good or bad sleep behaviors were undertaken 
before sleep, which is defined as sleep hygiene. Good sleep can be achieved when sleep 
hygiene is sound: good sleep hygiene includes regular sleep schedules, avoiding thirsty or 
negative emotions before going to bed (Brown, Buboltz, & Soper, 2002), cutting down 
alcohol and caffeine intake (Bootzin & Perlis, 1992). Especially, university students have 
been reported to have poor sleep hygiene and they are known for serious sleep deprivation 
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(Brown et al., 2002; Medeiros, Mendes, Lima, & Araujo, 2001). A major cause of the sleep 
deprivation is a decrease of total sleep time resulting from late bedtime and irregular sleep-
wake cycles (Lack, 1986). To make it worse, easy access to computers and mobile phones 
in bedrooms has been known for a major contributor of these sleep disturbances (Guo et al., 
2017; Asaoka et al., 2010). 

Several studies in the field of Human Computer Interaction also clarified the relationship 
between sleep outcome and digital media use. According to Kathryn et al.(Orzech, Grandner, 
Roane, & Carskadon, 2016) , the more time spent on digital media cause less total sleeping 
time and later bed time. And the more diversity in digital media activity causes earlier 
bedtime ending up with more sleep time. Especially, the use of smartphone makes a big 
impact on sleep quality (Anne-Marie, Daniel, Jeanne F, & Czeisler, 2015; Czeisler, 2013). 
Those who used their own smartphones often sleep and get up later, and also frequently 
wake after sleep onset, and end up with low quality of sleep than those who did not (Orzech 
et al., 2016; Brunborg et al., 2011). 

A number of studies have been conducted to analyse the causes why smartphones affect 
sleep quality. Some studies first claimed it is due to light emitted from the device before 
sleep. Low-frequency-light emitted from smartphone reduces the secretion of the melatonin 
which is a sleep- inducing hormone (Goel, Abe, Braun, & Dinges, 2014), and maintains 
awareness that delays the hours going to sleep (Cajochen, Frey, Anders, Spaeti, & Bues, 
2015). That leads people to experiencing low quality of sleep and poor wakefulness (Wyatt 
et al., 1999; Dijk & Czeisler, 1995;). Secondly, high cognitive work load with smartphones 
produces longer sleep onset latency (Galambos, Dalton, & Maggs, 2009). In addition, mental 
fatigue resulting from smartphone use leads to a reduction in goal-directed attention. This 
stimulates shifting their attention to irrelevant stimuli. Also, the mental fatigue leads them to 
go to bed early, but this does not mean that they are sleepy (Bokesem, Meijman, & Lorist, 
2005). Thus, it is very obvious that the use of smartphones before sleep has had a strong 
negative impact on health and overall life. Surprisingly, the percentage of users who use 
their smartphone before sleep is approximately 72% among smartphone users (Dean, 2010). 
They are not aware of the harmfulness of using smartphone before sleep according to Dr. 
Mark Aloia, a senior researcher at Philips Global Clinical Laboratories. Nevertheless, 
previous studies have focused only on the relationship between digital media use and sleep 
quality (Philips, 2015). Little research has been conducted on exploring a way to make 
people aware of the harmless of smartphone use before sleep. Moreover, some existing 
solutions are focused on preventing smartphone addiction only in the form of fidgeting and 
other devices and apps. However, we regard user behaviors with smartphone before sleep 
as habitual activity rather than smartphone addiction in the study. Therefore, our study does 
not explore solutions for smartphone addiction prevention but attempts to explore ways as 
design opportunities to improve sleep hygiene of university students, who have experienced 
serious sleep deprivation, in terms of smartphone use by identifying the relationship between 
smartphone use and sleep disturbance. Li et al.(2010) proposed a five-level of personal 
informatics system that collected personal information and led to changes in behavior 
(Figure 1). The fourth step of 'reflection' is the reflection of the user, and the fifth step is 
'acting' through stimulation for a longer period of time. The goal of this study is to explore the 
'reflection' phase: that is, designing for the user to be aware of the relationship between 
smartphone usage and sleep hygiene before bedtime. 
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Figure 1. The Stage-Based Model of Personal Informatics Systems (Li et al., 2010) 

In order to achieve the goal of the study, the following research questions were formulated: 

•  Why do university students use smartphone before sleep? 
•  What do university students do with smartphone before sleep? 
•  How would ambient lighting notification of usage affect the awareness of smart-

phone use before sleep? 
• In which way could design encourage sleep hygiene through reducing the amount of 

smartphone use before sleep? 

By answering the research questions, it is expected that a new way of interaction for 
awareness with smartphone before sleep could be discovered. It could also provide a new 
design opportunity with designers who aim to create a new interactive product/service for 
better sleep quality of not only university students but also general users. 

2 Initial exploration and experiment 
2.1 Experiment design  
An experiment was designed with two methods in order to answer the research questions: 
what and why university students use smartphone before sleep, and what design solutions 
would be possible to reduce the amount of smartphone use for good sleep hygiene. First, a 
focus group interview was adopted to understand the smartphone use of university students 
before sleep. Secondly, based on the understanding of actual use with smartphone, design 
guidelines were derived. Two experimental prototypes were made according to the 
guidelines. Finally, a field experiment was carried out in order to compare and evaluate the 
effectiveness and experience of the experimental prototypes in a way to install the 
prototypes in the real sleep environment. Below is a briefly summarized figure of 
experimental design of the study (Figure 2). The experiment is conducted for 3 days rather 
than a continuous behavioral change because the focus of the study is on the reaction when 
users are aware of smartphone usage before sleep. 
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Figure 2. The research approach for the study  

2.2 Focus group interview 
To understand the actual use of smartphone before sleep and also figure out how people 
perceive the use of smartphone before sleep, a focus group interview was conducted with 10 
university students (six males and four females). Their age ranged from 21 to 29 years old 
and their majors varied from human factors and chemistry to industrial design. They were 
recruited from the student community of the university among those who habitually used 
smartphone before their sleep almost on everyday bases. 

2.2.1 Interview questions 
In order to figure out what university students do with their smartphone before sleep and why 
they do so, four interview questions were formulated: 

• How long usually does it take from lying down on the bed till falling asleep? 
• What activities do you usually do with smartphone before you go to sleep? 
• If you know the fact that smartphone use before sleep causes sleep disorder, would 

you still keep using the smartphone, nonetheless and why? 
• Why do you have difficulties in stopping smartphone use before sleep? 

2.2.2 Procedure 
The participants were divided into two groups (five persons per group) based upon gender 
balance. Two sessions of focus group interview were conducted one after the other. The 
participants were invited to a resting place at the university to provide natural atmosphere 
(Figure 3). Before each session, participants were asked to complete a survey about their 
habitual patterns including pre-sleep activities, sleep time and purposes of using a 
smartphone before sleep. The purpose of the focus group interview was also introduced. A 
session took approximately 30 minutes. The interview was voice-recorded and transcribed. 
The data were qualitatively analysed by using an affinity-diagram method, with which 
answers to the interview questions were categorized in terms of similarity.  

 
Figure 3. A session of the focus group interviews conducted in the study  
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2.2.3 Results 
According to the results, particular applications of smartphone were frequently used before 

sleep (Table 1). Online video sharing services such as YouTube and Netflix were the most 
popular application (80%). Particularly, they kept watching videos even over night because 
of the associative video recommendation systems. While more than half of the participants 
played mobile games before sleep, four out of 10 participants played no mobile games at all 
because of worries of addictiveness that could inhibit their sleep. However, surprisingly, 
participants suppressed use of smartphones in some cases. Three of the participants 
answered that mobile games before going to bed induces disturbed sleep, and that made 
them do not play the mobile game before sleep. This was followed by music and social 
media such as Kakao talk and Facebook. Awareness of smartphones affecting sleep is not 
understood by many, and few understand why. In addition, three of 10 participants thought 
that sleep tracking applications letting them recognize sleep time and sleep quality would be 
convenient and helpful, but such applications were hardly used. 

For the question asking what makes them stop using smartphone before sleep, half of the 
participants answered they had stopped because they felt sleepy (Table 1). Three of them 
also mentioned that next day’s schedule or perception of lack of sleep time had made them 
stop using the smartphone. Moreover, a female participant stopped using her smartphone 
due to weariness: she stopped until she saw the same post in Facebook again that had 
already seen in the morning. All of the participants already recognized the negative effect of 
smartphone use before sleep. Nevertheless, they did not stop using their smartphones 
because they hardly felt the difference in sleep quality when using smartphone or not: they 
were not aware of how sleep hygiene was influenced by the cases of using and not using 
smartphone before sleep. Because video streaming services keep recommending more 
related videos, it was also a reason of keeping using smartphone before sleep. They 
avoided games because they were aware of the addictive effect, but they were not aware of 
the addictiveness of recommendation systems. It was also interesting that some of them 
preferred a less disturbing way to stop using smartphone if it is possible. 

Table 1 Frequencies analysis of result of the focus group interview 
Question Response Frequency 

Activities with smartphone before sleep 

Video (YouTube) 5 
Games 4 
Music 2 
Social media 1 

Causes of stop using the smartphone 

Sleepy 5 
Pressure of time 3 
Weariness 1 
Visual stimuli 1 

Causes of keep using smartphone despite they know 
that effect of using the smartphone before sleep 

Can’t feel it 8 
Addictive content 1 
Non-believer 1 

 

2.3 Experimental stimuli 
The features of experimental stimuli were derived from the results of the focus group 

interview. According to the results, it would be critical to make university students aware of 
usage time of their smartphone before sleep on one hand, and the impact on sleep on the 
other hand in order to help them stop using smartphone before sleep. Therefore, the way to 
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make them aware of both information needed to be considered in developing experimental 
stimuli. The information for visualization was 1) the sleep time set by the user, 2) a reminder 
that sleep time is approaching, and 3) the arousal level corresponding to the duration of 
smartphone use. It was necessary to confirm that these three visualizations could act as a 
motive to stop using their smartphone. To deliver the information, ambient light was chosen 
among the various means because light can deliver information without disturbing main task 
(smartphone use), which was also mentioned in the focus group interview. As Nam’s 
research team described in (Nam, Park, Seok, & Kim, 2009), among the dynamic design 
elements of the ambient media, a combination of brightness change and speed of light is 
most effective for recognizing information. This was applied to our experimental prototypes. 
In this way, it was expected that the change of ambient mood light can function as a bed 
time reminder while users keep focusing on their smartphone. This system that control the 
sleep environment through ambient light seems similar to the Philips Hue wake-up light 
(Philips, 2010). And there are several examples of wake-up lamp in product design field. 
They are all products that help users to get better morning through the change of light color 
(Rjpereira, 2017; Delisse, 2015). D-TOX is a sleep lamp that by applying gamification to a 
smart lamp and mobile application reduces the frequency of smartphone usage during 
nighttime. It aimed to reduce smartphone usage during nighttime specifically to children (Lee, 
Lee, Kim, & Cho, 2017)(Figure 4). Other design examples were morning lights through a 
similar color of sunlight. Indicating information and controlling the sleep environment are a 
common point. However, there is a clear difference between their prototypes and our 
prototype. Existing cases including the Philips hue are focused on the ability to wake up user 
through sunset color. D-TOX attempted to reduce the usage of smartphones before sleeping, 
as the color of lighting changed through the mobile game system. However, our prototype is 
focused on the bed time reminder and indicating arousal level.  

 

	 	 	 	
Figure 4. From the left, D-Tox(Lee et al., 2017), Day and Night lamp (Delisse, 2015),  

  Philips Somneo (Philips, 2017) 

 

2.3.1 The conceptualization of experimental stimuli 
Prototype A functions like a bedtime reminder in the form of ambient mood light that tells 

the remaining time from the current time until bedtime. Prototype B is also a bedtime 
reminder, but it has significant difference with prototype A. On the left light of prototype B is 
same with prototype A. However, the right one is a light to inform the arousal level 
corresponding to the usage time of smartphone (Figure 5). In this way, it is expected that the 
user can be better aware of his/her arousal level with the use of smartphone.  
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Figure 5. Working mechanism of experimental prototype A (Above) and B (Below)  

2.3.2 Working mechanism (interaction) 
Although there are a number of notification modality, we adopted a linear lighting 

expression because the lighting is one of most familiar sources of information transfer in our 
everyday life and could provide a clear cue of remaining time rather than abstract 
information. In both of prototype A and B, except for the first docking, when the mobile 
phone is disconnected from the station, all 10 pieces of light are turned on and the operation 
starts. The closer the bedtime set by the subject, the more gradually the lights turn off to 
notify the sleeping time is approaching (Figure 5).  

Prototype A gradually dims as the bedtime approaches. When the smartphone is in the 
station, it means that it is not used, so the brightness of the light becomes dark. On the other 
hand, when the station is empty, it means that the user is using the smartphone, so the 
brightness is become brighter. The lighting is divided into 10 spaces and means the time 
remaining from the first time to use smartphone at the night of day to the bed time sleeping 
time. When there are three lights left, the light flickers to indicate that it is nearing the 
bedtime. If only one light left, it turns red and flashes to inform that it is almost closer to the 
time to go to bed. After that time, the light goes off.  

In the meantime, prototype B's bedtime reminder (left light) is turned off as time goes by, 
like prototype A. However, the arousal level on the right starts with all off and turns on one 
by one in proportion to the use time of smartphone. When user put their smartphone on the 
station, the brightness of the light dims like A. At the moment that the gauge of both lights is 
the same, it blinks in purple representing the right time to sleep considering your high 
arousal level. If the user continues to use smartphone and reach an arousal level that is 
higher than the time remaining, the color of the light turns red.  

2.3.3 Embodiment design 
 The final prototypes consist of two lights, a docking station, and a box with parts. Prototype 
A uses only the left one of two lights, and prototype B uses both lights. There are 10 LEDs 
inside each lampshade. The brightness and color of those LEDs are controlled by the 
mainboard Arduino Uno.  
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 In order to find out the use time of smartphone and the time to sleep, we recorded both the 
starting point and the ending point of the smartphone use. To do this, we created a 
smartphone docking station between the two lights. We assume that if there is no 
smartphone on the station, it means ‘start to use’. And if there is smartphone on the station, 
it means ‘stop to use’. An infrared sensor was installed under the station to recognize the 
states. In addition, to record accurate usage time, whenever users start and stop using 
smartphone, the time is automatically stored in the SD card with RTC (real time clock) at the 
moment.  

2.4 Field research 
2.4.1 Participants 
 Eight undergraduate and graduate students (four males and four females; two 
undergraduate students, six graduate students,) whose ages ranged from 21 and 29 years 
old participated in the experiment. Similarly to the previous focus group, we recruited people 
who had known the effects of sleep on their smartphone but could not feel it. In addition, 
they were recruited among those who had their sleep room in a dark environment and used 
their smartphone more than an hour before going to bed on everyday bases at the time of 
the experiment.  

2.4.2 Research questions for the study  
 In order to figure out usability and user experience with the experimental stimuli, the 
following questions were formulated:  

• How does showing arousal level affect the usage time of smartphone?  
• Which of the two experimental prototypes would be more affected on self-reflection 

through awareness?  
• What kind of experience can be delivered to the participants with the ambient light 

notification?  

2.4.3 Procedure 
 In order to derive user experience in actual context, the experimental prototypes were 
installed in the sleeping room of the participants (Figure 6). The experiment consisted of five 
stages. First, we looked at basic smartphone usage time and sleep time of users in a pre-
interview. In addition, before the experiment participants were requested to refrain from 
things that could significantly affect their sleep quality such as drinking and doing overtime 
during the period of the experiment. After the pre-interview, it was asked for the participants 
to set prototype A first in a conspicuous place near the bedside of their sleeping room and 
then to use it for three days (Monday till Wednesday). Before beginning the experiment, we 
gave participants enough explanations about the experiment contents. We received a written 
consent from all participants. To make the experience as habitual as possible, participants 
were asked to place the prototype next to their bed during the whole period of the 
experiment. To do this, we provided a box for a bedside table to them. On the next day, an 
interview was carried out in which the usability and user experience with the prototype was 
asked. Four days of break was given in order to minimize the effect of prior experience 
(Thursday till Sunday). From next Monday, prototype B was again installed in the same 
place and also was asked to use the lamp for three consecutive days. On the next day, a 
retrospective interview was finally conducted mainly aiming to compare the user experience 
between prototype A and B.  
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 Figure 6. Example of the prototypes installed in actual sleeping rooms of the participants  

3 Results 
 From the experiment, a total 578 interactions of log data (putting the smartphone on the 
plate and lifting from the plate) were collected. To evaluate the related experiences with the 
two prototypes, we compared the following variables by analyzing the data from the 
experiment and interview. First, we compared how the two prototypes had been perceived in 
terms of smartphone usage time and time to sleep. Secondly, we compared the degree to 
which users were pressured to stop using smartphones and sleep from these two prototypes. 
Next, we also compare whether the awareness and pressure of the two prototypes led users 
to self-reflection through awareness related to smartphone use and time to sleep. Finally, the 
users' preferences between the two prototypes were measured.  

3.1 Time during smartphone 
 Comparing the smartphone usage of the two prototypes, we found that the use of the 
smartphone was significantly reduced in prototype B (Figure 7). Among five participants the 
actual total use amount of smartphone was much more reduced when they use prototype B 
than prototype A. This implies that earlier time to sleep can be facilitated by prototype B.  

 
Figure 7. The total use amount of smartphone 
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Table 2 Awareness sensitivity between prototype A and B 
Awareness sensitivity Frequency of responses 

Awareness of the amount of time spent using smartphone A<B 

Awareness of the amount of time left until sleep A=B 

Awareness of flow of time related to smartphone usage time A<B 

 

3.2 Self-reflection from usage awareness 
 Prototype B gave participants greater psychological pressure to stop using smartphones 
than prototype A (Table 3). Although smartphone usage time increased during using 
prototype B for two participants (P3 and P7), they mentioned that "I thought my smartphone 
usage time was definitely reduced because prototype B showed the usage time". This 
implies that prototype B induces psychological pressure to the user. Overall, users tend to 
prefer prototype A. According to the participants, prototype A played a role in gently telling 
them to sleep while prototype B was a warning to sleep.  

Table 3 Degree of effect on self-reflection and preference between prototype A and B 
The degree of effect on reflection through awareness Frequency of responses 

Discourage of smartphone use A<B 

Effect on actual behaviour A<B 

Preference A>B 

 

4 Discussion 
4.1 Time of smartphone use 
 For the study, two experimental stimuli were created: prototype A is a bedtime reminder that 
shows remaining time till sleep and prototype B is one that also reflects the smartphone 
usage while showing remaining time till sleep. According to the results, prototype B could 
reduce the use of smartphone before sleep compared to prototype A. It led to the actual self-
reflection, stopping smartphone use before expected time to sleep. It was also found that 
prototype B gave much psychological pressure to the user.  

4.2 Arousal level with lighting 
 Although prototype B helped stopping smartphone use before sleep, all the participants 
preferred Prototype A. A possible explanation is that when the closer bedtime comes, 
lighting is reduced but in case of the prototype B, it continued to turn on the lighting that 
gives psychological pressure on user, so that they could self-reflection. This implies that the 
increased arousal level with light as time to sleep comes closer during using their smart-
phone could make a feeling of repulsion.  

4.3 The effect of ambient lighting 
 In this study, we applied the arousal level caused by using smartphone to the bed time 
reminder and developed it in the form of ambient notification. As a result, the participants 
gave very positive feedbacks about the ambient notification. They responded that at any 
moment of using the smartphone before sleep, the brightness of the light was reduced, and 
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the time flow was unconsciously felt. One participant mentioned “I prepared to fall asleep 
when I realized the brightness of the light was reduced.” It was also easily perceived that 
time to sleep was approaching, and the change of the color of the lighting gave a message 
that you had to sleep soon. Furthermore, P1 mentioned “This light was not just about telling 
the time to sleep, but it was also fun to recognize a specific remaining time... such as the bus 
time? Or the deadline.” P8 mentioned “Prototype A makes me do chores at home such as 
cleaning and laundry. Because Prototype A only works for the time I’ve set up. It made me 
not only reduce to use the smartphone before sleep but also know remaining time at which I 
could do some chores at home.” They liked the ambient light system because it does not 
disturb them. P1 said that if the bed time reminder was too bright while using the smart-
phone, it would disturb him, and he would feel negative emotion with the product. 

 Considering the feedbacks of the participants, we were able to confirm that giving 
notification of the remaining time through changes in color, brightness, and movement of 
light with ambient lighting can naturally tell time to sleep without disturbing users' main tasks 
and a feeling of repulsion.  

5 Design implications 
 The study attempted to explore effective ways to let university students reduce the usage 
time of their smartphone before sleep in order to improve sleep hygiene. Showing remaining 
time to sleep or arousal level caused by smartphone use with ambient light were taken into 
account as variables. Based on the use experience of the participants, an improved design 
application can be suggested by combining prototype A and B (Figure 8): prototype A's 
function is that time to sleep is getting closer and at the same time it turns off incrementally. 
And prototype B’s function is that the bedtime reminder reflects time of smartphone usage. If 
each function is considered, it could influence awareness of the user in the context of 
smartphone use before sleep. The main feature of the new concept is that smartphone 
usage is reflected on the speed of turning off the light. In other words, the more user uses 
the smartphone, the faster it turns off the lights so that the sooner user get informed of time 
to sleep. And the less the user uses his/her smartphone, the slower it turns off the light so 
the later the user get the informed of bedtime. With the features, it is expected that it could 
contribute to reducing the use of smartphone before sleep. 

 
Figure 8. A bedtime reminder redesigned based on the findings from the experiment 

6 Conclusions 
 In this study, we explored a way to reduce the use of smartphones before sleep. First, focus 
group interviews were conducted to understand the actual situation of smartphone usage 
before bedtime and to derive some insight about how to reduce smartphone use before 
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sleep. The major finding from the interview was that people would not recognize how badly 
smartphone use influence their sleep hygiene. Thus, it is believed that people could be 
aware of their smartphone use before sleep and end up with stopping using the smartphone 
for good sleep by letting people visually perceive the time of smartphone use and showing 
its impact on sleep (arousal level), Taking them into consideration, we developed two 
experimental prototypes with ambient light that can inform the bedtime and discourage to 
use smartphone in a less disturbing way. With the prototypes a field experiment with eight 
participants for six days was conducted in order to understand their effect and user 
experiences. As a result, we confirmed that bedtime reminders applying smartphone usage 
could increase participants' awareness of smartphone usage and sleeping time and 
confirmed that it could reduce the use time of smartphone before sleep. In addition, it was 
found that the ambient light that informs the sleep time could give positive emotions to 
people because it would not disturb the users' smartphone use. However, it has been also 
shown that the visualization of use time of smartphones with keeping turning on light may 
cause users a feel of repulsion. As a way to solve this problem, a new lighting system was 
suggested by combining the results of the study: changing its speed of turning off the light 
corresponding to the usage of smartphone. The findings from the study can provide a better 
understanding of smartphone use and sleep hygiene and are also expected to contribute to 
designing products or services related to sleep healthcare and smartphone addiction 
prevention. Nonetheless, the study has limitations. First, the period of experiment was not 
long enough to track their experience and actual behaviour change. Second, the sample size 
is not big enough to generalize the findings of the study. Therefore, it will be taken into 
consideration a greater number of participants and longer period of experiment. Third, a 
couple of limitations have provided an unnatural and uncomfortable situation for users: the 
user had to schedule at the appointed bedtime, and their smartphone had to be properly 
placed on the spot. Fourth, the results were limited in that data derived from the interviews 
and the time the stopped using smartphone. For this reason, we should reinforce these 
rationales through more accurate measurement of sleep time in a further study. 
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