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Abstract—Smartphone use before and during bedtime has been
pointed out as one of the major contributing factor of sleep
disorders. In this paper, we designed a smart speaker lamp to
support smartphone non-use at bedtime. It uses two devices with
three delivery channels (smartphone screen notification, smart
speaker sound & light) for intervention delivery at three different
time periods (pre-bedtime preparation, pre-bedtime, bedtime).
In our feasibility study with 30 participants, we measured
perceived behavioral adherence, awareness, and appropriateness
of different intervention periods/methods. The result showed
the perceived adherence and awareness from the intervention
as around moderate, and the deliveries are above moderately
suitable for behavioral change. The sound from the smart speaker
lamp was indicated acceptable compared to the sound from
the smartphone and assessed the light-encoded information as
highly interpretable. Five participants were randomly selected
and interviewed for further implications from the results and to
suggest the system’s future directions.

Index Terms—smart speaker lamp, digital behavior change
intervention, digital intrusiveness, behavioral adherence

I. INTRODUCTION

The smartphone has become a part of our daily life essential
[1], being used day and night for various purposes. Unfor-
tunately, it also has become one of the contributing factor
of sleep disorders, which affects total sleep time and sleep
quality [2]–[4]. Particularly, the screen time during the very
last 30 minutes before sleep has shown significantly negative
effects on sleep quality [5]. From the physiological perspec-
tive, the influence of the blue light emitted from smartphones
suppresses melatonin, resulting in promoting alertness, which
negatively affects sleep quality [6]. Next, the poor sleep quality
can arouse stress [7], insomnia [8], [9], depression [3], anxiety
[8], and day work impairment [10], which worsens quality of
life.

Previous research studying the effect of media use before
sleep among university students has shown that digital media
use before the last hour of sleep significantly affects sleep
health and an increment of media use correlates with sleep
latency increment [11]. Based on the prior work, we surveyed
134 young adults (age: M=23.69, SD=4.39, Women: 41.8%)
about the use of smartphones before sleep. The questionnaire
was composed of three 5-point Likert scale questions, rated 1
as ‘strongly disagree’ and 5 as ‘strongly agree’. The survey
results are as follows: “I often use a smartphone before
sleep”(M=4.44, SD=0.81), “I sleep later than I thought due

to smartphone use before sleep” (M=3.81, SD=1.23), and “I
feel fatigued due to smartphone use before sleep” (M=3.55,
SD=1.28). The result indicates that the young adults frequently
use smartphones before sleep, and it is very likely that
smartphones are affecting their sleep, which aligns with prior
works.

To tackle this problem, we employ Digital Behavior Change
Intervention(DBCI) into a smart speaker lamp device to assist
bedtime smartphone non-use. The DBCI is defined as “. . . a
product or service that uses computer technology to promote
behaviour change” [12], which has the intention to induce
behavioral change through the wearable device, computer
program, smartphone, and website, and can encourage and
promote a healthy lifestyle, supporting in maintaining a well-
being status [13]. In this work, we designed the system
architecture and defined its features to conduct a feasibility
study with 30 participants. The system has two human in-
terface devices (HIDs), a smartphone and a smart speaker
lamp, to monitor the user’s smartphone use before sleep and
intervene user’s behavior toward smartphone non-use. We
evaluated perceived behavioral adherence, awareness, and ap-
propriateness of different intervention periods/methods. Based
on the evaluation, we provide implications toward effective
assistance of smartphone non-use before bedtime considering
the intervention delivery timing and its channel.

II. RELATED WORKS

A. Digital Behavior Change Intervention

1) Push Notification: Push notification is an alarm in
the smartphone, which delivers messages, emails, and social
events, and the user receives 65.3 notifications per day on aver-
age [14]. Modalities, which are sound, light, and vibration, are
implemented into the alarm to increase user engagement [15].
The push notification has the property to significantly disrupt
demanding tasks and continuously maintains the awareness of
the alarm [16]. Prior research has proven its effectiveness in
weight loss [17], and alcohol reduction [18]

2) Ambient Light: Ambient light delivers significant in-
formation with ambient display, minimizing the disruption
and simultaneously delivering information while focusing on
the primary task [19]. Information can be encoded to the
light parameters, which are brightness, luminance, color, and
frequency [20]. Through the encoded information, light can
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let users be aware of their behavior and induce psychological
and physical changes [21]. The intervention has proven its
effectiveness for stress management [22], and behavior en-
couragement [23].

3) Voice Assistant: The voice assistant can understand the
human conversation and take action if requisite [24]. It is
effectual in behavior and psychological changes through the
interaction with the user [25]. It can intervene with users
promptly based on personal preferences and the acceptance
can vary on account of the assistant voice characteristics
[26]. The intervention showed its efficacy superior to the
intellectual text intervention in behavior changes [27] but
does not recommend using it solely [26]. The voice assistant
has proven its effectiveness in obesity treatment [28], and
academic performance improvement [29].

B. Smart Lamp for Smartphone Non-Use

Lee et al. designed a lamp that changes the light color
based on the screen time of the smartphone before bedtime
[30]. The lamp was designed with the character emitting the
light at the eye to imply the user expected eye health due to
smartphone use. The system used ‘gamification’, an effective
persuasive technique for behavior change [31], to induce the
user to refrain from smartphone use. The system is designed
to gain incentives from the refrained time and is able to buy
the merchandise.

Choi et al. proposed two different lamp designs, which
change the number of lights(i.e. level) based on smartphone
use [32]. The first lamp design decreases the level as the
time reaches the user’s bedtime. The second lamp design is
composed of two lamps in which one decreases the level
with the mechanism as the first lamp design, and the other
simultaneously increases the level, representing the arousal
level.

Our system adopts the metaphorical design, as designing the
lamp like a battery icon which acts as an indicator to imply
the user status due to smartphone use before sleep. Referring
to the prior lamp designs, which encodes the user status to
the light change, the expected sleep quality is encoded into
the light color change and the expected next-day condition is
encoded into the light level change. The system uses DBCIs
for the behavior change method, alternating the ‘gamification’.

III. PROPOSED METHOD

A. System Architecture

The proposed system architecture is shown in Fig. 1. The
system has two HIDs, a smartphone, and a smart speaker
lamp, and is composed of four modules: (1) Input module,
(2) Intervention module, (3) Server, and (4) Output module.

B. System Component

1) Input Module: The module has the device context and
the environment context as an input type and is used for user
monitoring.

Fig. 1. Smart Speaker Lamp System Architecture

a) Device Context: The device context has the current
use status and screen time, collected through the smartphone.
The use status is based on the screen on/off log, to determine
user sleep with ease [33]. Screen time is an accumulated smart-
phone screen-on time during the pre-bedtime and bedtime.

b) Environment Context: The environment context has
the surrounding’s light intensity measured through the light
sensor. The context is applied for to determine rather the user
environment is dark or not.

2) Intervention Module: The module has a user monitoring
component and an intervention decision support component

a) User Monitoring: The component monitors the user’s
smartphone use based on the received input module informa-
tion during the three different periods before sleep.

b) Intervention Decision Support: The component de-
cides the intervention timing based on the user monitoring and
defined rules, determining which DBCIs to apply to the user.
The defined rules are based on the rules and personal settings
in the server. The voice assistant in the server is used when
a voice assistant alarm or conversation is applied to the user.
The defined rules are described in D. Intervention Method

3) Server:
a) Rules: Rules are for determining which DBCIs to

apply from the user status and the timing.
b) Personal Settings: The user’s sleep time and wake-up

time are the context of personal settings and are set through
the user’s smartphone. The intervention delivery timing is set
based on personal settings.

c) Voice Assistant: The voice assistant has Speech-To-
Text and Text-To-Speech for input/output and natural language
processing techniques to intervene user unidirectionally or
bidirectionally.

4) Output Module: The module applies DBCIs to users
through the HIDs, determined from the intervention decision
support.

a) DBCIs: The DBCIs are classified into unidirectional
and bidirectional, based on the interactive level between the
user and the system. The unidirectional intervention prompt
without direct user interaction and the bidirectional interven-
tion prompt with requiring active user interaction.
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Push notification (PN) is a unidirectional DBCI, designed to
intervene directly with the user through the smartphone and is
applied with recommendation messages(e.g.“For your healthy
sleep, would you stop using smartphone?”) to induce behavior
change.

Lamp light (LL) is a unidirectional DBCI and is designed
to inform user status through the light change, which has the
characteristics of ambient light intervention. The lamp light
operates based on the device context and environment context.
The lamp light encoded information is described in C. The
Lamp Design.

Voice assistant has alarm type (VAA) and conversation type
(VAC). The alarm type is designed to prompt the user without
requiring user actions (e.g. “You have used your smartphone
over 30 minutes. Please stop the smartphone use for your
good sleep”) and is classified as unidirectional DBCI. The
conversation type, which is classified as bidirectional DBCI,
is designed to require the user to participate and take action
when intervened (e.g. “Soon is the time for pre-bedtime. Are
you prepared for your sleep?”).

C. The Lamp Design

The design of the lamp metaphors the battery icon to induce
the user easily understands the encoded information. The lamp
light is designed to change the color and the number of lights
(i.e. level). The changes are shown in Fig. 2. The lamp color
implies the expected user sleep quality, representing green:
fair / yellow: poor / orange: very poor / red: worst. Based
on the smartphone screen time over 30 minutes before sleep
affects sleep quality negatively, the screen time (t) is designed:
(1) 0 min ≤ t < 30 min: green, (2) 30 min ≤ t < 40 min:
yellow, (3) 40 min ≤ t < 50 min: orange, (4) 50 min ≤ t: red.
The lamp level implies the user expected next-day condition,
designed to reduce 100% to 0% with 25% unit. The design
has an objective to induce the user to simulate their expected
status due to smartphone use before sleep.

Fig. 2. The Changes of Lamp Light

D. Intervention Method

1) Intervention Delivery Timing: The National Sleep Foun-
dation (NSF) recommends refraining from any electronic
device 30 – 60 minutes before bedtime for good sleep quality
[34]. Based on the NSF recommendation, we have defined
three periods of the user going to sleep for intervention deliv-
ery timing based on personal settings: (1) pre-bed preparation,

(2) Pre-bedtime, (3) Bedtime. The pre-bed preparation is
defined as between 10 minutes before the pre-bedtime and the
start of the pre-bedtime. The pre-bedtime is defined as between
an hour before the user’s bedtime and the start of the bedtime.
Bedtime is the time between the user’s sleep time and wake-
up time. The intervention delivery is designed as maximum,
medium, and minimum intrusive, reducing the intrusiveness as
time flows to reduce the disturbance to entering sleep.

a) Pre-Bed Preparation: The period has maximum intru-
sive intervention delivery, containing one bidirectional inter-
vention (i.e. VAC) and two unidirectional interventions (i.e. PN
and LL). The intervention intervenes regardless of the device
context and environment context.

The VAC is designed to intervene by notifying the start of
each intervention period and asking if the user is prepared
for sleep. The intervention period can be shifted by the user’s
response through the conversation. The PN notifies the start
of the period, and LL is designed to emit white color light
constantly during the period.

b) Pre-Bedtime: The period has medium intrusive inter-
vention delivery, containing three unidirectional interventions
(i.e. VAA, PN, and LL) and intervenes based on the device
context and environment context.

The VAA is designed to alarm when the screen time is over
30 minutes, beginning the alarm with a short melody and state
vocal alarm to refrain from smartphone use. PN alarms the
user whenever the lamp light changes, and is applied with a
recommendation message to induce sleep. LL is designed to
change the color as the screen time during this period affects
sleep quality, but is ineffective to sleep duration. The LL is
designed to turn off when the user environment is determined
dark and the smartphone screen is off for 3 minutes.

c) Bedtime: The period has minimum intrusive interven-
tion delivery, containing two unidirectional interventions (i.e.
PN and LL), and is designed to intervene based on the device
context and environment context.

PN has the exact mechanism as the delivery in the previous
period. LL changes its color and level, as smartphone use
during this period affects sleep quality and sleep duration.
The LL turn on/off mechanism is same as in pre-bedtime.
The voice assistant intervention is excluded, which may wake
up the user from sleepiness.

IV. FEASIBILITY STUDY

We have conducted a feasibility study with 30 students
(Age: M=21.97, SD=2.22, Women: 33%) recruited from a
university, who self-reported a frequent use of smartphone
before sleep. We did not make a working prototype of the
system. Instead, we provided the detailed descriptions of
each system features with situational context, so that the
participants could make an accurate assessments. Examples
of voice assistant audio were demonstrated and showed the
example of lamp light and push notifications through images
for further understanding. The study assumed the situation of
smartphone use before sleep as while lying on the bed. After
the explanation, the participants filled in a survey composed
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of three categories: (1) intervention adherence, (2) intervention
awareness, and (3) intervention appropriateness.

The intervention adherence category evaluates the user’s
perceived adherence to the four types of DBCIs (VAC, VAA,
PN, LL) in three delivery periods. The intervention awareness
evaluates the perceived level of awareness to the DBCIs in
each defined time periods. The intervention appropriateness
category evaluates the appropriateness of DBCIs design and
the suitability of DBCIs delivery at each delivery period. In
the appropriateness of DBCIs design evaluation, about the PN
message, the question evaluates the expected adherence to two
different message types, which are system status message (e.g.
“Color: Red / Level: 50%”) and recommendation message (e.g.
“For your healthy sleep, would you stop using smartphone?”).
The voice assistant design question evaluates the perceived
acceptance of the sound source from the smartphone and from
the smart speaker lamp. The LL design question evaluates the
level of interpretation of the LL example image (e.g. lamp light
with red color and 50% level). All the questions were evaluated
with 5-point Likert scale, rating 1 as ‘strongly disagree’ and 5
as ‘strongly agree’. After the survey, five random participants
were selected for the interview to elaborate on the reasons
behind each responded survey items.

V. RESULT

Fig. 3. Intervention Adherence and Awareness Result

A. Intervention Adherence

The evaluated result is shown in Fig. 3. In the pre-
bed preparation, VAC was perceived moderate adherence
(M=3.43, SD=1.07), evaluated as the most effective DBCI
in the period. PN showed perceived moderate adherence
(M=3.00, SD=1.17), and LL was perceived moderate adher-
ence (M=3.03, SD=1.25). In the pre-bedtime, VAA was per-
ceived slightly above moderate adherence (M=3.70, SD=1.02),
evaluated as the most effective DBCI in the period. PN
was perceived moderate adherence (M=3.37, SD=1.03), and
LL was perceived moderate adherence(M=3.27, SD=1.14).
In bedtime, PN was perceived moderate adherence (M=3.37,
SD=1.19), evaluated as the most effective DBCI in the period.
LL was perceived moderate adherence (M=3.30, SD=1.26).

B. Intervention Awareness

The evaluated result is shown in Fig. 3. In the pre-bed prepa-
ration, VAC was perceived as very highly aware (M=4.60,

SD=0.50), evaluated as the highest level of awareness among
other DBCIs in the period. PN was perceived as highly aware
(M=4.47, SD=0.57), and LL was perceived as slightly above
moderately aware (M=3.63, SD=1.22). In the pre-bedtime,
VAA was perceived as very highly aware (M=4.50, SD=0.73),
evaluated as the highest level of awareness among other DBCIs
in the period. PN was perceived as highly aware (M=4.10,
SD=0.96) and LL was perceived as slightly above moderately
aware (M=3.53, SD=1.28). In bedtime, PN was perceived as
highly aware (M=4.03, SD=1.07), evaluated as the highest
level of awareness among other DBCIs in the period, and LL
was perceived as slightly above moderately aware (M=3.77,
SD=1.28).

C. Intervention Appropriateness

Fig. 4. DBCIs Design Evaluation Result

1) DBCIs Design: The evaluated result is shown in the Fig.
4. PN with system status message was perceived as moderate
adherence (M=.23, SD=1.30), and recommendation message
was perceived as moderate adherence (M-3.20, SD=1.37),
showing no significant difference in the t-test (t=.115, p=.909).
Voice assistant (VA) sound source from the smart speaker
lamp showed perceived as slightly above moderate acceptance
(M-3.70, SD=0.84), and from the smartphone showed per-
ceived as moderate acceptance (M=3.27, SD=1.05), showing
a significant difference in the t-test (t=3.261, p<.05). The
interpretation of encoded information in LL example was
easily interpretable (M=4.03, SD=1.10).

Fig. 5. Intervention Suitability Result

2) Intervention Delivery Suitability: The evaluated result is
shown in Fig. 5. The maximum intrusive intervention delivery
in pre-bed preparation was perceived as slightly above mod-
erately suitable (M=3.57, SD=1.04). The medium intrusive
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intervention delivery in pre-bedtime was perceived as slightly
above moderately suitable (M=3.90, SD=0.99), evaluated as
the most suitable intervention delivery design among others.
The minimum intrusive intervention delivery design in bedtime
was perceived as slightly above moderately suitable (M=3.77,
SD=0.94).

VI. DISCUSSION

We have defined the three periods before sleep to de-
liver the interventions according to intrusiveness. Although
the intervention deliveries in all periods were perceived as
slightly above moderately suitable, the interview results show
that it was not sufficient for inducing behavioral change. P2
and P5 stated that they did not empathize with the reasons
for distinguishing the three time periods. All interviewees
commonly mentioned the pre-bedtime was too long. The term
”preparation of sleeping” is perceived as an unfamiliar term
that is not used on a daily basis, and the period does not match
one’s lifestyle, failing to empathize. Therefore, considering the
fact average sleep latency for adults is 21.9 minutes [35], and
the minimum NSF pre-bedtime recommendation is 30 minutes,
it is necessary to adjust currently defined pre-bedtime from 1
hour to 30 minutes. Furthermore, changing personal settings
to target sleep time and target sleep duration can expect to
arouse motivation, applying persuasively empathized reasons
to defined periods.

All of the DBCIs’ perceived awareness in each period were
evaluated as above moderate but showed perceived moderate
adherence except for VAA. In the interview, P1, P2, and P3
mentioned the possibility of refraining from smartphone use
when being aware of smartphone use status, and P2 and P4
mentioned that multiple DBCIs delivered as a combination
would be more effective. Except for P1, who considered
all DBCIs were not enough to make a behavioral change,
rather required more compulsory and vigilant stimulus for
intervention. Prior research revealed that tailored intervention,
which can be perceived as personal and more enduring,
showed improvements in behavior change [36]. As the LL
intervention can continuously be perceived through the user’s
will, therefore, revising DBCIs with linguistic messages (i.e.
push notification and voice assistant) to tailored messages and
work in conjunction with LL can expect to raise awareness.

Regarding the design of PN in DBCIs design evaluation,
there was no difference in perceived adherence between the
system status message and the recommendation message.
However, the system status message were revealed to be more
preferred in the interview, as it simulates own expected status.
Again, all interviewees except for P1 commonly implied
insufficient to induce behavioral change, which was found
to be a lack of raising awareness of smartphone use in the
message. Applying the tailored message (e.g. comparing past
and current smartphone use status) can be expected to increase
awareness. Furthermore, activating continuously visible status
monitoring window (e.g. android foreground service) is ex-
pected to increase adherence to the intervention.

VA intervention from a smart speaker lamp was found to
be preferred over the smartphone speaker. The majority of
interviewees agreed to intervene from the lamp as it gives
freshness as if someone points out from a relatively long
distance than the smartphone.

The interpretation of encoded information in LL was evalu-
ated positively. However, all interviewees expressed skeptical
opinions about the encoded information. P1, P4, and P5
mentioned the need for a direct and easily interpretable design,
implying the encoded information is difficult to interpret
without explanation. P4 and P5 mentioned the mismatch of
light changes and their lifestyle, feeling less empathetic toward
the design and P2 expressed doubts about the information
the lamp presented, implying would be less likely to adhere
depending on the accuracy of information. Prior research has
shown that interpretation is reduced when more than one
information is encoded in the light [37]. Therefore, providing
more simplified, yet direct information through LL could be
more effective.

There are several limitations in the study. The system was
evaluated through a verbally and textually described system
with low-fidelity examples, such as a voice assistant audio
sample and images of the lamp light, to assist in the explana-
tion of the assumed situation. Therefore, the evaluation may
not be completely reliable as the full implemented system.
Also, one’s perception on the intensity of each intervention
modality(e.g., light intensity) may differ. Some participants
considered the light intensity of the lamp was bright enough to
illuminate the whole room, while some did not. Furthermore,
only assumed the situational context of the user lying on
the bed using a smartphone before sleep. While in reality,
there could be many other variations. In order to resolve these
limitations, it is necessary to conduct a field experiment with
a fully implemented system.

VII. CONCLUSION

We designed a smart speaker lamp system to assist the user
to refrain from smartphone use before sleep. We conducted
a feasibility study to identify the potential effectiveness and
problems of our system features in the form of DCBIs in
delivered in different periods. We expect the study results to be
refine our future system implementation as well as guide po-
tential researchers in this field toward building more effective
systems for bedtime smartphone non-use interventions.
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