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Abstract—Design features such as “infinite scrolling” and
the state which keeps users engaged in this behaviour can be
described as a timelessness or dissociative state and has links to
the onset of digital addiction. As addiction/dissociation and the
effect of these design choices could therefore occur
automatically for the user, an active prevention technique is
needed to combat this behaviour. In this paper, we present
analysis, design and development of a proof-of-concept solution
for the interruption of dissociative of users. A mobile application
has been designed and developed for an android device which
incorporates the prior research and provides features relevant
to the prevention of the problem area. The prototype allows to
set up interruption time period and to select the applications to
interrupt users on a session-based usage viewpoint. An
evaluation has been made through useful and constructive
feedback received from user testing. Through evaluation of the
prototype solution, the application has potential use not only as
a product for the general user, but as a tool for research into
other methods of digital dissociative state interruptions.
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I.  INTRODUCTION

Over the past two decades there has been a vast growth in
adoption of mobile devices and technologies. This growth and
advancement of the medium has brought along a varied array
of applications and services, providing the user with
tremendous functionality which is ubiquitously available.
Many mobile applications are designed to increase the user’s
engagement and screen-time by using design techniques
which are designed to maximise user retention [1]. These
design techniques are found to be sometimes deliberately
addictive and contribute to the formation of a digital addiction
response [2]. Digital addiction is a researched form of
addiction which has suggested to have many negative health
and cognitive consequences [3]. As a health issue, digital
addiction has a growing prevalence throughout the world and
draws parallels to other addictive behaviours like gambling
addiction and smoking [4].

Mobile application design principles like “infinite
scrolling”, which is prevalent on most modern media or social
media websites, creates a continuous “infinite” stream of
content for the user to consume [5]. This unrelenting
onslaught of constant stimulation is typically absent of a
stopping mechanism, which culminates in a repeating
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feedback loop and an eventual feeling of timelessness for the
user [6]. Digital games or gambling applications are another
avenue where these feedback loops are present and lead to an
addictive activity which pushes the user into this timelessness
state [7].

In the literature, there was a distinct absence of a software
tool in which the user’s state could be meaningfully
interrupted on the app usage “session” level. New techniques
to combat any form of digital addiction should be an
increasingly important area of growth in software design and
development. This paper proposes a solution of a mobile
application which is designed to specifically combat this
problem state. It allows the user to use a session-based
approach to limit their device usage on individual apps. An
interruption event will be used to bring the user out of the
feedback loop and timelessness state which often leads to
addictive behaviour. The aim of this research is to analyse,
design, and develop a workable prototype solution which can
act as a proof of concept for the interruption of problematic
states of dissociation.

The next section presents literature review about the
causes and possible solutions to screen addiction to provide
the context as well as identifies existing techniques and related
work. Section 3 and Section 4 present the system analysis and
design respectively. Implementation details are explained in
Section 5. After that, Section 6 discusses the evaluation.
Finally, conclusions and future work are presented.

Il. LITERATURE REVIEW

A. Screen Addiction Characteristics and Prevention

Screen addiction is a well-researched topic, especially in
the realm of mobile phones and other smart devices whose
application marketplaces contain millions of apps designed to
compete for the user’s attention. Xu et al. [8] argues that user
activity and play time is associated with a service’s revenue.
Therefore, it would be a benefit to developers to consider
design decisions to keep users invested for as long as possible.
Increased activity and play time have been shown to be key in
the formation of addiction behaviours.

Parallels can be drawn to long-held discussions on
television addiction and related digital activities. Sussman and
Moran [9] discuss screen addiction harmfulness levels, which
can depend on what is being watched, how often, who is



watching, and whether the screen-time is communal. They
also acknowledge some possible areas where screen addiction
prevention can be practised. These include filters for certain
types of media, more careful consideration of content within
television  programmes,  screen-addiction  informative
advertising, and pop-up reminders of excessive screen-time on
screen. Within the realm of gambling addiction, the content
and timing of these on-screen pop-up messages can be factors
in the effectiveness of the prevention. A more personal and
engaging message displayed within a gambling session is
shown to have more of an effect on a gambler’s attitude and
behaviour than a simple informative pop-up message at the
beginning of a session [10].

Digital and online games are another realm where
addictive practices are systematically used to keep a user’s
attention and maximise their playtime on the game. Ertemel
and Aydin [11] suggest that the absence of a stop sign in most
digital applications is a large contributor to screen addiction
issues. Features like infinite scrolling and auto-play keeps the
user in the application, constantly consuming digital media.

Another characteristic of screen addiction is the Fear of
Missing Out (FoMo) phenomenon. “FoMo is characterized by
feeling stressed thinking that something exciting or interesting
might be happening elsewhere that the individual is missing.”
[12]. This by-product of the digital world leads to a behaviour
of excessive checking of a user’s device. Purohit et al. [13]
explain this effect and the deliberate design incorporated into
modern social media and digital media apps to achieve this
FoMo trigger. A reduction of the visibility of stimulating
notifications and pop-ups, as well as reducing access to overly
frequented apps was shown to not only reduce the time spent
on said apps, but also increase the user’s enjoyment when
using them.

Common prevention techniques designed to combat
screen addiction tend to involve producing incentives for
staying away from a device, or hard limits on a cumulative
daily usage. Next section provides an analysis into the most
popular Android app solutions. Other prevention techniques
can be present within the application as an in-built addiction
prevention feature. Online gambling services more frequently
are including the ability for users to set limits on their
gambling within the application or website itself. Also, pop-
up reminders of these limits have been shown to have a
positive effect on reducing the tendency for problematic
behaviour [14].

B. Existing Solutions

Through research into applications and services designed
to tackle screen addiction, specifically in the Android market,
there are many solutions available under the categories of
wellbeing and focus tools. Table 1 shows a selection of the top
downloaded applications from the Google Play store. There is
also an in-built Android native application called Digital
Wellbeing which tracks the user’s screen time on all installed
applications in daily, weekly, and monthly filters. It also
provides the ability to set limits on cumulative screen time for
a day, which when the limit is reached sets that specific
application to a greyscale appearance. Through looking into
the most popular screen-time reducing apps available, it was
apparent that the vast majority were performing the similar
functionalities. For example, in the ActionDash app, daily
time limits for individual applications can be set, which is a
common feature among the listed apps.

TABLE I. ANALYSIS OF TOP DOWNLOADED RELEVANT APPS IN THE

GOOGLE PLAY STORE

App Name | Features
Forest - Staying off your phone will grow a virtual tree
- Virtualised growing forest gamification
- Reward scheme for growing real-life trees
StayFree - Daily phone usage overview
- Schedule application and website blocking
- Compare usage with others online
- Distracting website blocking
- Detailed reports
ActionDash | - Daily phone usage overview
- Focus mode
- Individual application daily limits
- Notification tracking (amount per application)
- Compare statistics with others online
Freedom - Create custom application blocklists
- Schedule productivity sessions
AntiSocial - Overview chart for: phone unlocks,
application usage time, application launches
- Three blocking modes: daily limit, scheduled,
timer (system wide)
- Application blacklist
Hold - Earn points for not using your phone —
gamification
- Use accumulated points for real-world
rewards
- Compare points with others — leader board
Digital - Overview chart for: total screen time,
Wellbeing individual application screen time, number of
(Google) unlocks, number of notifications
- Set daily application usage timers for
individual applications, resets at midnight
- Bedtime mode
- Focus mode

Another factor discovered, is that many of the most
popular applications in this realm involve a form of incentive
or gamification techniques to keep the user engaged and offer
some positive reinforcement. Gamification is a design
approach where certain tasks are incentivised using game-like
techniques to make them more attractive to the user [15]. The
app “Forest” has a unique user incentive feature of a virtual
tree which grows when a user is not using their phone. It also
is strong thematically with the rewards scheme of planting and
growing real-life trees. “Hold” also includes a real-world
rewards scheme and points for not using your phone. Other
applications surveyed included more passive user incentive
features for example, “ActionDash” allows for a phone usage
statistics comparison with other users online.

A further look into the most popular applications of this
type involved collecting user reviews. Common among most
of the reviews analysed is the aspect of user choice and
agency. Some of them had complaints of not having an easy
way to stop or pause the functionality. Accuracy in screen time
detection was another issue found in user reviews, e.g., there
were reviews claiming where general screen time stats seemed
to not be reflecting the user’s experience. Overall, the main
chosen method of screen-time prevention in the apps analysed
was a block to the launching of either user selected apps, or all
applications on the device. The threshold for blocking an
application from launching was mostly a cumulative daily
limit on time used. A method present in “ActionDash” is the
ability to block app notifications, and “StayFree” allows the
user to also block the launching of chosen websites.



A screen-time reducing method that was seemingly absent
from Google Play store apps was functionality designed to
interrupt the flow state during app use. The app “AntiSocial”
has a feature of three modes of blocking app usage: a daily
limit for individual apps, a scheduled device-wide block, and
a device-wide daily timer. The device-wide daily timer is the
closest to achieving that method, but it is not available for the
scope of an individual application, or a session-based
application.

C. Flow state, Dissociation, and Interruptions

Most research on the effects of having these devices
constantly nearby target the distraction factor and therefore
the tendency to interrupt the “flow” state. Csikszentmihalyi
[16] states that “Flow refers to an optimal experience in which
a person is full immersed in an activity due to a feeling of
energized focus”. Such a state can be valuable for
productivity, so any interruption of said state is a negative by-
product of the constantly connected modern world. Excessive
smartphone use is one such interruption which has been found
to have the effect of interrupting a productive flow state.
Dittrich [17] concludes that “one’s smartphone use does not
leave flow states and productivity unaffected.”. Therefore, it
is to be believed that any interruption to this flow state must
be negative.

The flow state may be useful for activities which can be
categorised as productive, or task which are related to work
and life goals; however, the flow state does not only occur in
such circumstances and is a factor in addiction behaviours in
digital gambling, gaming, and media consumption. The
characteristics within this flow state can be a precursor for
addiction [18]. The feeling of immersion and full
concentration on one task or application is stimulating and can
lead to the user having a tolerance to excessive use. As Khang
et al [18] explains, “At the phase of tolerance development,
media users tend to seek stronger stimuli, which this research
assumes is correlated with the addiction phase”. The flow state
is accepted to be a positive and rewarding experience, and one
that can be enjoyable and engaging; so, it is natural that such
experiences present in smart devices could lead to addictive or
obsessive behaviour [19].

Infinite scrolling is a technique used widely in modern
software design. It involves the constant and continuous
delivery of content as the user browses — usually by scrolling
down through the page [5]. This technique has been found to
be problematic and a contributor to users subconsciously
spending longer on an app that includes it like Facebook or
Twitter [20]. Infinite scrolling in software is designed to
remove interruptions to browsing and therefore raise user
engagement and immersion [21]. The removal of these
interruptions in browsing can lead to a behaviour of mindless
scrolling and a feeling of timelessness. Baughan et al. [22]
explains this effect and how it is achieved through design,
specifically in modern social media applications, and
concludes that both internal and external interventions have a
meaningful effect on reducing said behavioural pattern.

One of the external interventions analysed was a pop-up
time limit dialog which the user was forced to acknowledge
before resuming (or not resuming) use of the device. This type
of interruption was found to be effective at bringing users out
of a dissociative state. Interruptions can be either expected or
unexpected. Expected interruptions have been shown to cause
a natural break-off point for switching a task or behaviour
[21]. A state of flow when interrupted can be difficult to

recover. This is problematic in respect to productive activities
but could be a useful method in curtailing harmful behaviour
brought on by an unproductive, dissociative flow state.

I, ANALYSIS

The collection of requirements for the prototype solution
is an important process which if done correctly will lead to a
more defined and useful product at the end of development
[23]. Initial requirement gathering sets the groundwork for the
design and implementation stage of development and is a
valuable process for further understanding the potential
stakeholders and therefore ultimate scope of the project.
Firstly, it was important to take into consideration the ultimate
goals of the project. As discussed previously the prototype
solution needs to provide the effect of managing and
interrupting states of timelessness and dissociation which
could be brought on by other installed apps on the device.
Therefore, an initial list of functionalities was created to
ensure that these goals were not missed.

Goals related to monitoring session-based, app-specific
screen time are:

e Track which application is running on the screen,
¢ Know how long an application has been on the screen,
¢ Run in the background while other apps are used.

Goals related to interrupting app-usage session are:

¢ Provide an interruption event, and
o Keep an internal timer for an app-usage session limit.

Secondly, a stakeholder analysis was conducted. This was
used in conjunction with the previously listed functionalities
to provide a more user-centric scope for the elicitation of
requirements.

The analysis was conducted in the form of coming up with
user stories and use-case scenarios. User stories help
determine possible goals for the software in an end-user
centric view and are shown to have an effect in improved
software quality and productivity [24]. Cohn’s template of
producing user stories was used to help produce succinct and
real-world identifiable stories [25]. These are displayed below
in Table 2. The user scenarios were analysed to come up with
use-cases for the application and they were modelled in a use-
case diagram.

Finally, a further analysis of current similar applications
available was undertaken to determine if there were any
additional features or functionality which could be included in
the artefact. The gathered requirements were then prioritised
considering the project time and resources. For this project,
the FURPS+ (Functionality, Usability, Reliability,
Performance, and Supportability) model is used for defining
the non-functional requirements.

TABLE II. USER STORIES
As a/an I want to... So that...
Parent Set a time limit for my Excessive use
child’s gaming session does not hinder
their schoolwork
or mental health
University Limit my time spent I can focus more
Student endlessly scrolling on my studies
social media




Teenager Be reminded when | I can spend more
have spent a certain time away from
amount of time playing my device
a game on my phone
Adult Have a hard cut-off My habit of “just
point when using online one more bet”
gambling apps can be prevented
Adult Be interrupted from my | | can get a better
social media scrolling in night’s sleep
bed at night
IV. DESIGN

User interface (Ul) mock-ups were designed in accordance
with Nielsen’s usability heuristics [26]. Sample Ul designs are
displayed in Figure 1.

Fig. 1. User Interface designs

Below are a few examples of how these usability heuristics
were considered in the design of the application.

Aesthetic and minimalist design: The user interface was
designed to be as simplistic and easy to read as possible. The
colour scheme and placement of functionality on separate
“cards” helps with this minimalist design and prevents the
application’s interface from feeling too busy or confusing.
Showing when the listed application was last used and the
usage in the past 24 hours stat help the user gain context for
whether said application requires tracking.

Visibility of system status: Feedback for user interactions
needed to be intuitive and highly visible. Android developer
documentation suggests that the use of a service in which the
service’s task should be noticeable by the user, must have a
persistent status bar notification. The persistent notification
will display updated information on which application is being
tracked, and the active that is being run.

Match between system and the real world: Information
and functionalities are displayed in a natural order depending
on their importance. Buttons and interactable objects
throughout the application are designed to make them look
like they can be interacted with, and colouring of objects was
made to fit the user’s expectations of that interaction based
upon prior conventions.

User centric design principles were applied to assure better
user experience. This not only comes in the form of allowing
the user to control when the tracking service is running, but
also the manual choice of selecting a session length. Also, the
functionality of having individual or multiple applications
selected to be tracked by the user was key in providing
maximum flexibility. Users with different thresholds for an
acceptable session time limit, or whether the tracking occurs
throughout the day or only at specific times are all catered for
and reflected in the user centric design.

A. Scope and Technical Design Considerations

Due to the time limitation, certain design considerations
and functionality which at first seemed natural to include were
discarded. The first of these design choices was to not include
an interface for the user to view their daily phone usage stats
and total daily screen time data. This functionality is widely
present in many other apps and is also available in Android
pre-loaded application “Digital Wellbeing”. It is not within the
scope of this application to extend or imitate this feature, and
not pursuing it allows for more focus into the core session-
based tracking functionality.

Another design choice was to not include any user
incentive or gamification techniques within the app. Although
these may be useful avenues to expand the app in the future,
for this project it was more important that the artefact
produced was a tool demonstrating the project’s goals. For the
design of the application, it was important to closely follow
the gathered requirements and ensure that the scope of the
design was focused on the goals of the project. The
requirements were further analysed to generate more of an
understanding of the technical implementation solutions that
the application will need. A UML Class diagram was also
produced to detail the structure of the underlying systems and
provide a visual overview of how all the systems interact.

V. IMPLEMENTATION

For this project, a Kanban approach was used. A service
called Trello was used to create the Kanban board. Using this
methodology allowed for following agile principles such as
welcoming changing requirements, delivering working
software frequently and promoting sustainable development.
The prototyping methodology was chosen for the
development of the solution. Producing multiple versions and
deliverables allows for a more flexible development of
features, with a clear cycle of implementation and then testing
against the requirements and the goals. Android Studio
Integrated Development Environment (IDE) is used as the
development platform which provides access to in-built
mobile device emulation. Through a detailed analysis it was
decided to target the minimum Android API level of 9.0. This
ensures that all the functionality of the artefact can be reached,
and the market-share reach of the application is still not
significantly affected.

The Developer Documentation for Android states that app
permissions help privacy and security for the user by
restricting access to both restricted data and restricted actions.
Restricted data might involve sensitive user data, or system
state and usage data. Permissions for such functionality need
to be declared in the application’s manifest file, with active
runtime permissions needing their own user prompt when the
app is loaded. The developed application does contain
functionality which requires this type of  permission
declarations such as “QUERY_ALL PACKAGES” to gain
access to the installed apps, “FOREGROUND_SERVICE” to
run functionality in the background separate from the app,
“SYSTEM_ALERT WINDOW?” to allow for the full-screen
interruption event notification, etc.

A. Tracking Service Functionality

The foundational logical functionality of the artefact
requires the concurrent tracking of the length of time any
specific chosen application has been on the screen of the
device, and to know when that elapsed time has reached the
user-chosen time limit value. Inherent in this functionality, the



tracking behaviour must run continuously in the background,
unattached to the artefact application. Therefore, the screen-
time tracking solution had to continue running both when the
parent application was no longer active on the device’s screen,
and if the parent application had been closed completely by
the user.

It was decided that a foreground service would be used, as
it would allow persistent periodic execution of a task free from
the parent application being active. The user can manually
start and stop the service from a button in the parent
application. As the foreground service is running, the
persistent notification is utilised to provide an update on the
status of the tracking functionality. Figure 2 left hand side
shows how the tracking timer is reflected in this notification
as it is running.

N

Tracking service running

No selected app found

Stop Tracking Q

Tracking timer for: Chrome
Timer: 00:00:07

Stop Tracking

X
i

Fig. 2. Interruption event screen

The logic to provide the app tracking functionality requires
information on when an application has appeared in the
foreground on the device’s screen, and when it is no longer in
the foreground. The UsageStatsManager class in the Android
API enabled the access to useful data on the running device’s
usage history and statistics. Within this class, UsageEvents
objects can be queried to provide the application with
necessary data on the switching of states of running
applications. These UsageEvent objects come with a “type”
attribute which describes whether the event pertains to an
application being paused, resumed, or stopped. The tracking
functionality used this information to determine when an app
which was selected for tracking was active on the screen, and
then a timer could be started until the application was
closed/paused, or the time limit had been reached. This
function would then run continuously every 1 second while
the foreground service is running. Having the code executed
every second is the longest interval required for the accurate
timing of an app-session, any shorter interval would cause an
unnecessary increase in resources used for the running device.
The ability for the user to stop and start the running service
manually also encourages use of the service when needed.

As this functionality was likely to be running for long
stretches of time in the background, performance testing was
done to ensure this functionality did not use more than enough
resources. Through testing and debugging of this functionality
in the earlier stages, using different types of apps as tracking
targets, it became apparent that many apps through general use
would sometimes produce a short pause UsageEvent quickly
followed by a resume event. An example of this occurring is
when tracking the concurrent app usage time on the “BBC
News” app, loading a new article to read within the app would
reset the app’s timer back to O seconds. Similar issues
occurred while navigating through apps like “Instagram” and

“Twitter”. As the resume event would come very shortly after
the pause, the ultimate solution to this issue was to check
whether the usage events were coming from the same
currently tracked app and enforce a buffer in which the
tracking timer’s start time value would not be overridden. This
small buffer also had the benefit of creating a more accurate
reading of when an app’s screen-time session had really ended
for the user.

B. Interruption Functionality

One of the essential requirements is the need for an
interruption event once the chosen time limit has been reached
for a selected application. This requirement is necessary for
demonstrating the effect previously mentioned of interrupting
the flow state of an unproductive session on an application. To
achieve this, the user’s saved time limit is checked against the
current application’s session timer. Once the session timer
reaches the time limit value, an interruption event is created.
Initially this interruption event was using the Android
Notification feature set, which allowed for a notification to be
built which would display at the top of the screen and in the
Android notifications drawer, much like when a text message
or email is received. The device would make a notification
sound if the user had notification sounds unmuted. This initial
solution however was too easy for the user to circumvent or
just ignore. The assumption with the tracking service and
interruption event features are if the user has opted into having
the tracking service running, then they are expecting an
interruption which is more substantive.

The next iteration of the interruption event used a new
application activity to display a full-screen window informing
the user of the time limit being reached. This was done by
creating a new activity within the parent application and
preserving that activity’s intent within the tracking service to
have it ready to be displayed when needed as illustrated in
Figure 2 right side.This newly created window was able to
have data of the name of the application being interrupted sent
to it to be displayed for the user. This second iteration of the
interruption functionality was much more effective at creating
the desired flow-state interruption behaviour. A full screen
window over the top of the interrupted application does a
better job of providing the intended effect of bringing the user
out of the flow and feedback loops previously mentioned
which may be present in the affected app.

VI. EVALUATION

The prototyping methodology used in the implementation
of the artefact ensured that a working application prototype
was available early in development. There were many
different iterations attempted to develop and test the tracking
functionality and the interruption functionality. To gather user
feedback, a version of the application was made available to
selected users for controlled user testing. A user feedback
form in the style of a questionnaire was created using Google
Forms, and the link to this form was provided to users who
had access to the application. There were a total 9 participants.
The participants chosen for feedback were not selected based
upon any specific criteria, the only pre-requisite was that they
had access to a mobile device which ran on the Android
system. Users were asked to list the types of applications they
typically chose for the tracking functionality. From this
question the two main responses were for social media apps
and games. This was not unexpected as from the prior
research, these kinds of apps are likely to contain design



choices which initiate the dissociation response. This point is
further illustrated by the overwhelming response to the
question asking if the user had ever experienced the
“timelessness” sensation with using an application. All of the
participants answered that they had at some point experienced
this, and for over half of them it was a regular occurrence.

The overall reception to the app and its usage was positive,
with every respondent scoring the application at least 4 out of
5 and the vast majority scoring the maximum of 5. Participant
views on the performance of the application were similarly
high, and the intuitiveness of the user interface was more
mixed but overall, largely positive. Every participant
responded positively about the interruption events, answering
with either a 4 or 5 out of 5 on the scale. Most participants
from the questionnaire chose to manually switch the tracking
service on and off throughout the day, with about a third of the
participants keeping it running continuously. These results
provide the question of whether users who kept the service
running continuously generally felt more positive about the
interruption helpfulness (answering 5 out of 5) and if the users
who toggled the service throughout the day did so due to them
having a lesser opinion of the interruption functionality.

VII. CONCLUSIONS AND FUTURE WORK

This paper presented a system analysis and design for a
mobile solution for the interruption of problematic state of
dissociation to combat digital addiction or excessive use. An
evaluation has been made through useful and constructive
feedback received from the user testing. The solution has
potential use not only as a product for the general user, but as
a tool for research into other methods of digital dissociative
state interruptions [29]. Further user tests are planned for
evaluation and to show the feasibility of the study in the future.

As a future work, more detailed statistics like “total count
of interruptions for each app” or “previous session time” can
be implemented. Similarly, providing more information about
screen-addiction and dissociative states to the user within the
app would add to the ability for users to gain knowledge on
the subject matter, and therefore make more informed
decisions on their app usage. From the survey results, useful
considerations were offered for future development and
possible avenues of improvement like a notification reminder
for the user to switch the tracking service on or off, tracking
service scheduling options, repeated or delayed interruptions,
customisation such as choosing different interruption types,
and accessibility considerations. Further improvements in
creating a more interactive interruption event for the
application would be a beneficial aspect to further develop the
app. Incorporating current and future research in the problem
domain into the app solution can lead to it being an
increasingly useful tool in the future.
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