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Abstract—Task management applications are widely used for
personal productivity and reminder scheduling. However,
many existing solutions depend on cloud services and account
synchronization, which may be unsuitable for offline or
privacy-sensitive environments. This study presents a
Unity-based offline task management application that
integrates JavaScript Object Notation (JSON)-based local
storage and Android local notifications. The objective is to
evaluate the feasibility of using Unity, a game engine, for a
non-gaming mobile productivity application. The system
supports task creation, browsing, deletion, local data
persistence, and scheduled notifications. Experiments on an
Android smartphone evaluated notification reliability,
notification delay, storage performance, and resource
consumption. Results showed notification success rates of
100.0%, 96.7%, and 93.3% in foreground, background, and
screen-locked conditions, respectively, with average delays
ranging from 0.42 s to 3.21 s. JSON read/write operations
remained below 20 ms for up to 500 tasks. The Android
Package (APK) file size was 39.9 MB and 121 MB after
installation. The findings indicate that Unity is a feasible
platform for lightweight offline task management
applications, although trade-offs exist in resource usage and
local storage security.

Keywords—task management, mobile application, local
notification, offline system, unity
I. INTRODUCTION
Task management applications have become
increasingly  important in  supporting  personal
productivity, time management, and daily activity

organization. As mobile technologies continue to evolve,
users expect applications to provide convenient access,
intuitive interfaces, and reliable functionality across
different usage scenarios. Alshehri et al. [1] investigated
user concerns and preferences regarding mobile health
applications and reported that usability, privacy, and
accessibility remain critical factors influencing user
acceptance and long-term engagement. These findings
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highlight the importance of designing mobile applications
that effectively balance functionality with user-centered
requirements.

Recent advances in mobile application development
have expanded beyond traditional software architectures
to include immersive and interactive technologies.
Vijay et al. [2] demonstrated the integration of artificial
intelligence and augmented reality in a mobile-based
virtual dressing system, illustrating the capability of
modern application frameworks to support complex user
interactions and real-time processing. Similarly,
Rey et al. [3] emphasized the importance of system
monitoring and performance optimization in maintaining
application efficiency and ensuring a satisfactory user
experience. These studies indicate that application
performance, responsiveness, and reliability are essential
considerations in modern software design.

Commercial task management applications already
provide mature functions such as task creation, list
browsing, reminders, categorization, and cross-device
synchronization. However, many of these systems are
designed around cloud-based services, account
synchronization, and ecosystem integration. Although this
design is useful for general productivity purposes, it may
not be suitable for all usage scenarios. In low-connectivity
environments, training environments, enterprise intranets,
or privacy-sensitive situations, users may require a task
management system that can operate locally without
relying on continuous network access or external servers.

The practical motivation for this study therefore stems
from the need for lightweight offline task management. In
daily use, users may need to create, view, and delete task
records even when network connectivity is unstable or
unavailable. Locally stored task data provide immediate
access to information while reducing dependence on
cloud-based services. For small-scale personal task
management, JavaScript Object Notation (JSON)-based
storage is a simple and lightweight implementation
approach. However, this design also requires careful
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discussion because flat JSON files do not provide the same
data integrity, transaction safety, or scalability as mobile
database systems.

From a  software  engineering  perspective,
cross-platform development has become a widely adopted
strategy for reducing development costs and improving
deployment flexibility. El-Kassas et al. [4] presented a
comprehensive taxonomy of cross-platform mobile
application development approaches and discussed the
trade-offs among portability, performance, and
maintainability. Among the available frameworks, Unity
has gained popularity not only in game development but
also in non-gaming interactive applications due to its
integrated  development  environment, = C#-based
programming support, and cross-platform deployment
capability. In addition, Unity allows developers to
integrate user interface components, data management
logic, and notification-related modules within a single
development environment. This makes Unity a suitable
experimental platform for educational prototyping,
lightweight application development, and future
extensions toward interactive visual interfaces, 3D task
visualization, or Extended Reality (XR)-based
productivity environments.

In distributed and resource-constrained environments,
efficient task allocation and synchronization mechanisms
also play an important role in system reliability.
Wang et al. [5] proposed a conflict-reduced task offloading
scheme for edge computing-enabled Internet of Things
(IoT) networks, highlighting the importance of effective
task scheduling and resource management. Although the
application domain differs from personal productivity
software, the underlying concept of task coordination
remains relevant for managing scheduled operations and
notifications in mobile applications. Furthermore,
Sukarsa et al. [6] developed a synchronization model for
multiplayer educational games and demonstrated the
significance of maintaining data consistency and reliable
communication among distributed components. Their
findings provide useful insights into the design of systems
that require dependable data handling and event
management.

A. Research Gap

Despite the growing adoption of mobile productivity
applications, most existing task management systems rely
heavily on cloud synchronization and online services.
These commercial systems mainly emphasize account
integration, cross-device synchronization, and mature
productivity services. In contrast, limited research has
examined the feasibility and technical trade-offs of
implementing an offline-first task management application
using Unity with local data persistence and scheduled
notification mechanisms.

Specifically, the technical trade-offs of using Unity for
non-gaming mobile productivity applications remain
underexplored. Unity is commonly associated with 2D and
3D game development rather than conventional text-based
productivity tools. Therefore, its use for a standard User
Interface (UI)-based task management application requires
technical examination. In this study, Unity is selected not

because it is more resource-efficient than native Android,
Flutter, or React Native frameworks, but because it
provides a unified development environment,
cross-platform deployment capability, and potential
extensibility toward interactive visual interfaces.

In particular, it remains necessary to evaluate whether a
Unity-based offline implementation can provide
acceptable notification reliability, local storage
performance, and resource consumption under common
Android usage scenarios. Equally important is clarifying
the limitations of this implementation in terms of storage
scalability, Android notification lifecycle behavior, and
local data security. Therefore, this study focuses on a
lightweight offline implementation that combines Unity,
JSON-based local persistence, and Android local
notification scheduling.

B.  Research Questions

Based on the above research gap, this study addresses
the following Research Questions (RQ):

RQ1: Can Unity be used as a feasible non-gaming
framework for developing an offline-capable mobile task
management application?

RQ2: What is the resource-consumption characteristics
of a Unity-based task management application in terms of
Android Package (APK) file size, Random-Access
Memory (RAM) usage, Central Processing Unit (CPU)
usage, and battery consumption?

RQ3: How reliable are JSON-based local persistence
and Unity-based local notification scheduling under
common Android usage scenarios, including foreground,
background, and screen-locked operation?

RQ4: What are the major limitations of using
JSON-based local storage and Unity-based notification
scheduling for lightweight offline task management?

C. Contributions and Goals of This Study

Accordingly, the contributions and goals of this study
are summarized as follows:

(1) This study implements a Unity-based offline task
management application as a non-gaming mobile
productivity application case study.

(2) The proposed system integrates JSON-based local
persistence and Android local notification scheduling
for lightweight offline task management.

(3) The system is evaluated through notification
reliability, notification delay, JSON storage
performance, resource consumption, and preliminary
observational usability assessment.

(4) The study discusses the technical trade-offs and
limitations of using Unity for standard Ul-based
mobile task management, including resource
footprint, Android notification lifecycle constraints,
and local data security considerations.

II. LITERATURE REVIEW

A. Research on Task Management Tools

Digital task management tools have been widely studied
as practical systems for supporting task organization,
workflow coordination, and reminder-based planning.
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Bellotti ez al. [ 7] examined how users record, organize, and
complete to-do tasks and derived design implications for
the development of personal task list managers.
Esposito et al. [8] further investigated the use of a
smartphone-based to-do list application in an intensive
care unit and found that mobile task management tools
could support workflow coordination and reduce task
omission in  high-pressure work  environments.
Khaokaew et al. [9] also reported that modern knowledge
workers rely heavily on digital tools to manage tasks in
multitasking work contexts, and that systems supporting
priority handling and flexible scheduling can better
respond to users’ productivity needs. These findings
indicate that task management applications function not
only as recording tools but also as workflow-support
mechanisms.

User requirements for task management tools are also
highly individualized. Nygaard er al. [10] showed that
users’ daily prospective memory needs vary according to
personal habits, task types, and contextual demands,
suggesting that reminder and to-do list systems should
provide flexibility rather than fixed interaction flows.
Similarly, Sanders and Boot [11] found that users are
sensitive to reminder format, visual presentation, and
technology support preferences, which may influence
whether a task management system is accepted and
continuously used. These studies suggest that system
usability, reminder clarity, and interface design are
important factors in task management application
development.

In addition to general users, task management and
reminder systems have also been examined in elderly and
cognitively demanding contexts. Baric ef al. [12] reported
that older adults using an interactive digital calendar with
mobile phone reminders perceived such tools as helpful for
structuring daily routines and remembering scheduled
activities. Andreassen et al. [13] further demonstrated that
an interactive digital calendar with mobile reminders could
support people with cognitive impairment by helping them
manage everyday tasks and reduce memory-related
difficulties. These findings underscore the relevance of
reminder-based mobile tools in both general productivity
and assistive technology contexts.

B. Design Principles of Digital Reminder Systems

Reminder mechanisms are a core component of mobile
task management systems because they directly influence
whether users can complete tasks at the intended time.
Haj et al. [14] showed that smartphone-based calendars
can be used to support prospective memory rehabilitation
in patients with Alzheimer’s disease, suggesting that
mobile reminder systems can play a practical role in daily
memory support. Scullin et al. [15] also demonstrated
through a randomized controlled trial that smartphone
reminder technology can improve prospective memory
functioning, especially in situations where users need to
remember future intentions at specific times. These studies
indicate that mobile reminders are not merely notification
features but can serve as cognitive support tools.

From an interaction design perspective,
Brewer ef al. [16] emphasized that effective reminder
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systems should consider how users formulate, interpret,
and act upon reminders. Their study showed that reminder
tools should provide appropriate timing, context, and
feedback to reduce the likelihood of missed tasks. A
systematic scoping study by Sriranganathan et al. [17]
further indicated that digital planning-based technologies
can support memory-related functioning among older
adults with mild cognitive impairment, particularly when
tools integrate planning, reminder, and task-tracking
functions. These findings suggest that reminder design
should consider both technical scheduling and user
comprehension.

Recent application-oriented studies also highlight the
need for personalization and offline-capable design.
Torino et al. [18] proposed the MafanaList App as a
mobile to-do list application for efficient and personalized
task management, emphasizing the importance of task
creation, reminder scheduling, and user-centered task
organization. Shama ef al. [19] reviewed existing
note-taking and task-management applications and
pointed out that many current systems focus on basic task
recording and interface design, while still leaving room for
improvement in offline access, data control, and flexible
reminder mechanisms. Therefore, a task management
application should be evaluated not only by whether it can
create and display tasks, but also by whether its reminder
mechanism, data storage, and usage context are technically
reliable.

C. Offline-First and Local Data Persistence in Mobile
Applications

Offline-first design is an important consideration for
mobile applications used in unstable or unavailable
network environments. Escobar-Velasquez et al. [20]
investigated eventual connectivity issues in Android
applications and noted that mobile applications are
frequently used in situations where internet connectivity is
unavailable or unreliable; inappropriate handling of such
connectivity issues may lead to bugs, crashes, and reduced
user confidence. These finding positions offline operation
as a key design requirement for mobile task management
applications.

From an Android application architecture perspective,
offline-first applications should remain usable without a
reliable network connection and should present local data
immediately instead of waiting for network calls [21].
Android’s official architecture documentation further
emphasizes that, in offline-first design, a local data source
such as a database is recommended as the source of truth
to maintain consistent and correct data across application
layers [22]. In the context of task management, this means
that users should still be able to create, view, modify, and
delete task records even when cloud services are
unavailable.

Local persistence mechanisms can be implemented
using different approaches, including simple JSON files,
SQLite-based databases, Room, Realm-like embedded
databases, or other local storage frameworks.
Song et al. [23] compared Android persistence
frameworks and noted that persistence is a fundamental
function of mobile applications, while execution time,
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energy consumption, and programming effort should be
considered when selecting a persistence mechanism. This
suggests that local storage should be evaluated not only by
implementation simplicity but also by performance and
long-term maintainability.

In this study, JSON-based local storage is adopted as a
lightweight implementation choice for a small-scale
offline task management prototype. JSON files are easy to
inspect and simple to implement, making them suitable for
storing basic task records such as task content, scheduled
time, and task status. However, JSON files do not provide
built-in transaction safety, indexing, query optimization,
or strong data integrity mechanisms. In contrast, SQLite
supports atomic commit, meaning that all changes within
a transaction either occur completely or do not occur at all,
even if interruption or failure occurs during the transaction
process [24]. Therefore, JSON-based storage should be
understood as a lightweight prototype-level solution rather
than a complete replacement for local database systems.
For larger-scale task management systems, SQLite, Room,
or other embedded local databases would be more
appropriate choices.

D.  Unity for Non-Gaming Mobile Applications

Unity is widely known as a development platform for
2D/3D games, simulations, and interactive applications.
However, its role can extend beyond conventional game
development. Biern-Hansen et al. [25] argued that
cross-platform mobile development frameworks can
reduce development cost and support multi-platform
deployment, but they may also introduce performance
overhead compared with native Android implementation.
This finding is relevant to the present study because Unity
is also a cross-platform development environment, and its
use for a standard Ul-based productivity application
should therefore be evaluated in terms of APK size,
memory usage, CPU usage, and battery consumption.

Unity’s strength lies in its component-based
development model, visual editor, cross-platform
deployment capability, and support for interactive visual
content. Juliani et al. [26] further argued that modern game
engines can serve as general configurable platforms for
developing rich visual, physical, task-based, and
interactive environments. Although their study focused on
intelligent agents and simulation environments, it supports
the broader idea that Unity can function as more than a
game engine when the target application requires
interaction, visualization, or future extension toward
2D/3D and XR-based interfaces.

For the notification module, Unity also provides an
official Mobile Notifications Package. According to
Unity’s documentation, this package supports scheduling
local one-time or repeatable notifications on Android and
i0S [27]. This makes it technically feasible to implement
local reminder functions inside a Unity-based mobile
application. Nevertheless, using Unity for a standard
Ul-based task management application still involves
trade-offs. Its rendering-oriented runtime may introduce a
larger package size and higher resource consumption than
native Android, Flutter, or React Native implementations.
Accordingly, Unity is adopted in this study as an

experimental development framework for examining the
feasibility and limitations of a game engine in non-gaming
offline mobile productivity applications.

E.  Comparative Analysis of Existing Task Management
Systems

Existing commercial task management systems already
provide mature functions for task creation, reminder
scheduling, and cross-device synchronization. Google
Tasks is closely integrated with the Google ecosystem and
allows users to track to-dos that sync across devices, while
also supporting integration with Google Workspace
services such as Gmail and Calendar [28]. This design
suits users already embedded in that ecosystem. However,
its design is mainly centered on account-based
synchronization and cloud service integration rather than
user-controlled local data persistence.

Microsoft to Do similarly emphasizes cross-device and
productivity ecosystem integration. According to
Microsoft’s official description, Microsoft to Do allows
users to sync lists across the web, i0S, Android, and
Windows devices [29]. This design is useful for users who
need consistent task access across multiple devices and
Microsoft services. However, its architecture remains
closely tied to Microsoft account-based synchronization
and cloud-connected productivity services.

Todoist also supports offline use, but its offline
mechanism is  still designed around eventual
synchronization. According to Todoist’s official
documentation, offline mode is automatically activated
when the user has no internet access, and any changes
made offline are automatically synchronized with the
server after the device reconnects to the internet [30].
Therefore, although Todoist provides offline functionality,
this offline mode is primarily a temporary local operation
followed by cloud synchronization.

Compared with these commercial task management
systems, the proposed Unity-based application is designed
as an experimental implementation case rather than a
commercial replacement for Google Tasks, Microsoft to
Do, or Todoist. The proposed system focuses on local
JSON-based data persistence, Android local notification
scheduling, offline operation, and empirical evaluation of
technical trade-offs.

F. Summary

Based on the reviewed literature and system
comparison, digital task management and reminder
systems have been shown to support task organization,
prospective memory, and daily routine management.
Existing studies also indicate that reminder timing,
interface clarity, personalization, and user context are
important factors affecting system usability. However,
many existing commercial task management systems are
designed around cloud synchronization, account
integration, and ecosystem-based productivity services.

In contrast, the proposed system focuses on a
lightweight offline implementation using Unity, local
JSON persistence, and Android local notification
scheduling. The literature also suggests that offline-first
design, local persistence, resource consumption, and
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notification reliability should be evaluated as technical
factors in mobile application development. Therefore, this
study contributes an experimental implementation case
and empirical evaluation of a Unity-based offline task
management application, with emphasis on notification
reliability, local storage performance, resource
consumption, and system limitations.

III. METHODOLOGY

This study adopts a system design and implementation
approach to develop a mobile task management
application. The research process consists of three phases:
system architecture design, implementation, and
evaluation.

The proposed system is developed using the Unity
engine and C# programming language. It integrates local
JSON-based data persistence with mobile notification
mechanisms to support offline task management and
real-time reminders. System performance is evaluated
through real-device testing and observational user
evaluation to assess usability and reliability.

A. Development Environment and Tools

The system is developed using Unity 2021 as the
primary development platform, with Android smartphones
as the target deployment environment. The Unity engine
provides cross-platform capabilities for user interface
development and resource management, and supports
built-in features such as JSON serialization and mobile
notification packages, which facilitate local data storage
and local notification implementation.

The application is programmed in C#, utilizing Unity’s
Application Programming Interface (API) to handle user
interface control, file operations, and local notification
scheduling. The development and testing environment
includes a Windows 10 personal computer for system
development and simulation, as well as Android mobile
devices for real-device testing. This setup allows the
application to be evaluated under practical mobile
operating conditions.

B.  System Architecture and Data Flow

The proposed system adopts a modular layered
architecture consisting of three main components: the data
persistence layer, the application logic and User Interface
(UI) control layer, and the notification management layer.
As illustrated in Fig. 1, these modules collaborate to
support core functionalities, including task creation,
storage, visualization, and reminder notification.

Called by Add/Delete
<« e { 2 >
JSON Data To-Do Manager
Persistence Layer App Logic & UI
Input / Validate / | Notify/ Schedule / Cancel
CRUD JSON  Returns list Update Cancel
) > “ .

Fig. 1. Architecture and data flow of the proposed system.
JSON: JavaScript Object Notation.

The JsonDataSystem represents the data persistence
layer and is responsible for storing users’ task data locally
in JSON format, as well as providing interfaces for data
creation, retrieval, and deletion. The corresponding
workflow is illustrated in Fig. 2. To support different
execution environments, this module dynamically selects
appropriate file storage  paths. Specifically,
Application.dataPath is used within the Unity Editor,
while Application.persistentDataPath 1is applied on
Android devices. Task data are organized using a
custom-defined ReminderList structure, which contains
multiple ReminderData entries. Each entry records
essential attributes, such as task content and reminder time,
enabling efficient data storage, retrieval, and management.

Tfiﬁa&gae%er }: JSON / Persistence Lo
ft I

User A o Environment Check

dataPath persistentDataPath

Fig. 2. Data management system flowchart.

The ToListManager, which serves as the application
logic and UI control layer, is responsible for handling user
interaction logic and managing the task list. This module
monitors user interface events, such as button clicks,
collects user inputs including task content and scheduling
information, and controls the real-time updating of the task
list. When users create or edit tasks through the UL, the
ToListManager first performs data validation to ensure the
correctness and completeness of the input before
proceeding with further processing.

After validation, the ToListManager invokes the
JsonDataSystem to write or update task data in the local
JSON file and synchronizes the user interface to
immediately display the newly created or modified task
items. At the same time, the ToListManager dynamically
generates Ul components for the task list (e.g., creating
new task entries) and binds event listeners to the delete
button of each item, allowing users to remove tasks
directly through the interface. During the UI update
process, the system continuously compares the current
time with each task’s deadline. If a task has exceeded its
scheduled time, it is marked with a red “!”” icon; otherwise,
a green “O” icon is displayed to indicate that the task
remains within its valid timeframe. This color-coded
visual  feedback mechanism provides real-time
information on task urgency, enabling users to quickly
distinguish between overdue and active tasks.

The NotificationSystem represents the notification
management layer and is responsible for scheduling and
managing local notifications on mobile devices. When a
user creates a task with a specified reminder time, the
ToListManager invokes the ScheduleNotification()
method in the NotificationSystem to register the task
content and scheduled time as a local notification. The
NotificationSystem uses Unity’s Mobile Notifications
Package to establish notification channels and schedule
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notifications on the Android platform. This allows
reminder messages to be scheduled for delivery at the
designated time, including the background execution
conditions examined in this study. When a task is deleted,
the ToListManager notifies the NotificationSystem to
execute the CancelNotification() method, which cancels
any previously scheduled but not yet triggered
notifications associated with the task. This prevents
outdated reminders from being displayed after the task has
been removed. In addition, the NotificationSystem checks
and requests user permission for notifications during
application startup to support correct reminder operation.
The notification scheduling workflow is illustrated in
Fig. 3. The notification permission handling process is
illustrated in Fig. 4.

APP Launch

b 4

// .

a Check ™. ‘ Request

““Permission~ ‘ Permission
-
Yes
v

Create To-Do

Schedule Notification

A4

NotificationSystem
Schedules

v

Trigger Notification
Android Popup

_~ Deletes ™ oMo Task Done
“~ Task? ~ End Notification
. >
TYes

CancelNotification

Fig. 3. Notification scheduling workflow diagram.
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Permission
Denied:No Reminder

Fig. 4. Notification permission flowchart.

C. User Interaction Flow

To enhance clarity and usability, this study designs an
intuitive user interaction workflow. The system supports
three primary user operations: task creation, task list
loading, and task deletion, as illustrated in Fig. 5. The
processing procedure for each operation is as follows.

When a user clicks the “Add” button on the main
interface, the system displays an input form that allows the
user to enter task content and specify a reminder time.
Once the user confirms the input by pressing the “Save”

button, the corresponding functions in the ToListManager
are triggered. The system first performs input validation to
check data correctness. Subsequently, the JsonDataSystem
is invoked to append and store the new task information in
the local JSON file. The user interface is then updated to
reflect the newly created task item in the task list. If the
task includes a scheduled reminder time, the
ToListManager simultaneously calls the
ScheduleNotification() method in the NotificationSystem
to register the task as a local notification. This allows a
reminder message to be delivered at the specified time on
the mobile device.

Add New
1 To-Do Item
Start
T
Y v View To-Do List
Choose
Operation

4 Delete To-Do Item

b End

Fig. 5. User interaction flowchart.

Whenever the application is launched or resumed from
the background, the system automatically loads the
existing task list. The ToListManager invokes the
GetJson() method of the JsonDataSystem to retrieve all
locally stored task data. The system then dynamically
generates the corresponding number of UI components for
each task item, including task descriptions, scheduled
time, status indicators, and delete buttons. Event listeners
are again bound to each delete button so that user
interactions correctly trigger the removal procedure.
Through this dynamic loading mechanism, the displayed
task list remains current each time the application is
launched or resumed.

When a user clicks the delete button associated with a
task item in the list, the user interface triggers the
deleteltem() method in the ToListManager to process the
deletion request. The method first removes the
corresponding task from the currently loaded data
structure. Subsequently, the JsonDataSystem invokes the
DeleteJson() method to remove the associated record from
the local JSON file. At the same time, the ToListManager
notifies the NotificationSystem to execute the
CancelNotification() method, which cancels any pending
notifications associated with the deleted task, again
preventing outdated reminders from appearing. Finally,
the system updates the user interface to reflect the removal
of the task item, providing immediate visual feedback to
the user.

D. Experimental Setup

To strengthen the empirical basis of the proposed
system, this study conducted a set of real-device tests to
evaluate notification reliability, local JSON storage
performance, and system resource consumption. The
evaluation was designed to verify whether the Unity-based
implementation could provide acceptable performance for
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offline task management under common Android usage
scenarios.

The experimental tests were conducted on a Samsung
Galaxy A51 smartphone running Android 13 with One UI
5.1. The device was selected as a representative mid-range
Android smartphone to evaluate whether the proposed
Unity-based task management application could operate
under practical mobile hardware conditions.

The experimental environment is summarized in
Table I. The application was developed using Unity 2021
and C# and deployed on the Android platform for
real-device testing. The tests were conducted under three
application states: foreground execution, background
execution, and screen-locked mode. These scenarios were
selected because task reminder applications are frequently
used under different mobile execution conditions,
especially when the application is not actively displayed
on the screen.

TABLE I. EXPERIMENTAL ENVIRONMENT

Item Description
Development .
platform Unity 2021
Programming Cc
language
Target platform Android
Testing device Samsung Galaxy A51

Android 13 / One UI 5.1, verified from device
software information
30 per notification scenario
10, 50, 100, and 500 task records
Notification success rate, notification delay, JSON
read/write time, Android Package (APK) size,
RAM usage, CPU usage, and battery consumption

Android version

Test repetitions
Task data sizes

Main evaluation
metrics

E.  Evaluation Metrics and Formulas

To quantitatively evaluate the proposed Unity-based
offline task management application, this study adopts
four categories of performance metrics, namely
notification reliability, notification delay, JSON storage
performance, and resource consumption. These metrics are
derived from established software quality assessment
standards and computer system performance evaluation
methodologies [31-33].

First, notification success rate is used to evaluate the
reliability of scheduled local notifications under different
application states. Following the software reliability
assessment principles defined in ISO/IEC 25010 [31], the
notification success rate is calculated as:

Notification Success Rate = % X 100% (1
t

where N; represents the number of successfully triggered
notifications, and N; represents the total number of
scheduled notification tests.

Second, notification delay is used to measure the latency
between the scheduled notification time and the actual
notification display time. According to standard computer
system performance analysis methodologies [32],
notification delay is defined as:

Notification Delay =T, — T 2)

where T, is the actual notification display time and Ty is
the scheduled notification time. The average notification
delay for each testing scenario is calculated as:

Average Delay = i 1 (Tai —Tsyp) 3)
where n denotes the number of notification tests, T, ; is the
actual notification display time of the i-th test, and T ; is
the scheduled notification time of the i-th test.

Third, JSON storage performance is evaluated by
measuring the execution time required for read, write, and
delete operations under different task data sizes. Following

common software performance evaluation practices [32],
the average processing time is calculated as:

Average Processing Time = %2?:1 T; @)

where T; denotes the processing time of the i-th test and n
is the total number of repeated tests.

Finally, system resource consumption is evaluated
using APK file size, installed storage usage, idle RAM
usage, idle CPU wusage, and battery consumption.
Following smartphone energy consumption evaluation
approaches [33], battery consumption rate is calculated as:

Battery Consumption Rate = % &)

where B is the battery percentage at the beginning of the
test, B, is the battery percentage at the end of the test, and
T is the testing duration in hours.

These metrics provide objective and reproducible
evidence for evaluating system reliability and
performance, thereby reducing dependence on subjective

assessments such as perceived stability or user
feedback [31-33].
IV. RESULTS AND EVALUATION
A.  System Implementation and Results
The proposed application was  successfully

implemented and deployed on Android smartphones. The
system provides the main functions required for personal
task management, including task creation, task browsing,
task deletion, local JSON-based data persistence, and
scheduled local notifications. When a user creates a task,
the application stores the task content and reminder time
in a local JSON file. When the scheduled time is reached,
the system triggers an Android local notification through
Unity’s Mobile Notifications Package.

This section focuses on measurable system behavior and
empirical evaluation results. The evaluation includes
notification reliability, local storage performance, system
resource consumption, and preliminary user observation.
The implemented task management application interface
is shown in Fig. 6.
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Fig. 6. Screenshot of the task management application interface.

B. Notification Reliability Test

To evaluate the reliability of the notification
mechanism, 30 notification tests were conducted under
each of the following scenarios: foreground execution,
background execution, and screen-locked mode. Each test
scheduled a local notification at a predefined time, and the
actual notification trigger time was recorded manually.
The notification delay was calculated as the difference
between the scheduled time and the actual display time.

As shown in Table II, the notification mechanism
achieved stable performance in the foreground scenario,
with all 30 notifications successfully triggered. In the
background execution scenario, 29 out of 30 notifications
were successfully triggered, resulting in a success rate of
96.7%. Under the screen-locked condition, 28 out of 30
notifications were successfully triggered, with a success
rate of 93.3%. The average delay increased from 0.42 s in
the foreground state to 1.68 s in the background state and
3.21 s in the screen-locked state.

TABLE II. NOTIFICATION RELIABILITY TEST RESULTS

Number of Successful Success Average

Scenario Tests  Notifications Rate  Delay
App in foreground 30 30 100.0% 0.42s
App in background 30 29 96.7% 1.68s

Screen locked 30 28 933% 3.21s

The notification mechanism successfully delivered
reminders across different application states. In particular,
the foreground and background scenarios demonstrated
high notification reliability. However, notification
behavior may still be affected by Android power
management mechanisms such as Doze Mode and App
Standby. Therefore, the notification results should be
interpreted within the tested device and operating system
environment.

By reporting both notification success rate and average
delay, the evaluation provides measurable evidence for
assessing the reliability of the notification module.

C. JSON Storage Performance Test

To evaluate the performance of the JSON-based local
storage mechanism, this study tested four task data sizes:
10, 50, 100, and 500 task records. For each data size, the
system measured the average time required to write, read,
and delete task data. The purpose of this test was to
determine whether flat JSON storage is sufficient for
small-scale personal task management.

TABLE III. JSON STORAGE PERFORMANCE TEST RESULTS

Number of Average Average Average JSON
Task Records Write Time Read Time Delete Time File Size
10 1.8 ms 1.2 ms 1.6 ms 2.1 KB
50 3.7 ms 2.8 ms 3.4 ms 10.6 KB
100 6.4 ms 5.1 ms 5.9 ms 21.3KB
500 18.6 ms 15.3 ms 17.2 ms 104.8 KB

As shown in Table III, the JSON file size increased from
2.1 KB for 10 task records to 104.8 KB for 500 task
records. The average write time increased from 1.8 ms to
18.6 ms, while the average read time increased from
1.2 ms to 15.3 ms. The average delete time also increased
as the number of task records increased, ranging from
1.6 ms for 10 records to 17.2 ms for 500 records.

The results indicate that JSON-based persistence is well
suited to lightweight task management applications with
relatively small datasets. For small and medium task sizes,
the read and write times remained within an acceptable
range for interactive mobile use. The growth in access time
and file size at larger record counts, however, suggests that
while JSON storage is easy to implement and appropriate
for lightweight offline use, it may not be the most suitable
solution for larger-scale task management systems.

Therefore, JSON persistence is interpreted as a
lightweight storage approach for small-scale offline task
management rather than a fully scalable data architecture.
For future versions, SQLite or Realm would be more
appropriate for improving data integrity, transaction
safety, and scalability.

D. System Resource Consumption

Because Unity is primarily designed for 2D/3D
interactive applications, its use in a standard task
management application requires technical justification.
Therefore, this study measured the basic resource
consumption of the proposed Unity-based implementation,
including APK file size, installed storage usage, idle RAM
usage, idle CPU usage, and battery consumption.

As shown in Table IV, the APK file size of the proposed
Unity application was 39.9 MB, and the installed storage
usage on the Android device was 121 MB. During idle
operation, the application used approximately 184 MB of
RAM and maintained an average idle CPU usage of 1.8%.
Battery consumption was approximately 3.2% per hour
under the tested idle observation condition.

TABLE IV. RESOURCE CONSUMPTION RESULTS

Resource Metric  Measured Value

APK file size 39.9 MB

Installed storage usage 121 MB

Idle RAM usage 184 MB
Idle CPU usage 1.8%

These measurements show that the Unity-based
implementation incurs a measurable runtime overhead
relative to lightweight mobile application frameworks, yet
Unity remains a feasible development environment for
offline task management prototypes, while requiring
careful consideration of runtime footprint and
platform-specific notification behavior.
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Although Unity may introduce higher resource
consumption, it also provides cross-platform development
capabilities, integrated Ul management, and potential
extensibility toward interactive 2D/3D or XR-based
productivity interfaces. The choice of Unity therefore
represents a deliberate technical trade-off, not a claim that
it can universally replace native mobile development
frameworks.

E.  Preliminary Observational User Evaluation

Because the initial user evaluation was conducted
through observation rather than a formal questionnaire,
this study reports the results as a preliminary observational
evaluation. The purpose of this evaluation was to examine
whether users could complete the major task management
operations and understand the visual task status indicators.

The observed operations included task creation, task
browsing, task deletion, recognition of overdue tasks, and
confirmation of notification scheduling. During the
observation, users were able to complete the basic task
flow without additional training. The red “!”” indicator for
overdue tasks and the green “O” indicator for active tasks
were generally understood by users. Immediately after
creating a task, several users also attempted to verify
whether the reminder had been successfully scheduled,
suggesting that clearer confirmation feedback may
improve user confidence. The preliminary observational
user evaluation results are summarized in Table V.

TABLE V. OBSERVATIONAL USER EVALUATION SUMMARY

Observation Result
Users could complete the task creation process with
minimal guidance.
Users could identify task content and scheduled time
from the task list.
Users could remove existing tasks through the delete

Observed Item

Task creation

Task browsing

Task deletion

button.
Status Users generally understood the red and green visual
recognition indicators.
Notification ~ Some users attempted to confirm whether reminders
confirmation were successfully scheduled.
Improvement  Search, task categorization, tagging, recurring tasks,
suggestions and clearer confirmation feedback were suggested.

The observational results suggest that the proposed
system provides an understandable interaction flow for
basic task management. However, because this evaluation
did not use a standardized questionnaire, the results should
be interpreted as preliminary usability observations rather
than statistically validated user evaluation results. To
address this limitation, future work will administer a
formal System Usability Scale (SUS) or Likert-scale
questionnaire to a larger participant sample.

F.  Summary of Evaluation Results

Overall, the evaluation results indicate that the proposed
Unity-based offline task management application can
support basic task creation, browsing, deletion, local
storage, and scheduled notification functions. The
notification test provides measurable evidence regarding
reminder reliability, while the JSON performance test
shows that the local storage mechanism is acceptable for
lightweight task data. The resource consumption results

also clarify the technical trade-off of using Unity for a
non-gaming mobile application.

Compared with purely qualitative observation, the
combined tests provide a more objective evidentiary basis
for the feasibility claims of this study.

V. DISCUSSION AND LIMITATIONS

A. Limitations of JSON-Based Local Storage

The proposed system uses JSON-based local storage
because the target application is a lightweight personal
task management tool with a relatively small amount of
data. As discussed in Section II, this approach is simple to
implement, easy to inspect, and sufficient for basic task
records.

However, this design also has several limitations. First,
flat JSON files do not provide transaction safety. If the
application is unexpectedly terminated during file writing,
data corruption may occur. Second, JSON storage may not
scale well when the number of task records increases
significantly. Third, JSON does not provide built-in query
optimization, indexing, or relational data management.
Therefore, while JSON is acceptable for lightweight
offline task management, it should not be considered a
complete replacement for local databases such as SQLite
or Realm.

In future work, the system can be extended by adopting
SQLite or Realm to improve data integrity, transaction
safety, and scalability. This would be especially important
if the application were to support advanced functions such
as task categorization, tagging, search, recurring tasks, and
cross-device synchronization.

B.  Android Notification Lifecycle Limitations

The proposed system uses Unity’s Mobile Notifications
Package to schedule local notifications on Android
devices. This approach is suitable for basic reminder
functions. However, Android imposes several background
execution and battery optimization restrictions, including
Doze Mode, App Standby, and notification channel
management. These mechanisms may affect notification
timing, especially when the device remains idle for an
extended period.

In the current implementation, the notification function
was tested under foreground, background, and screen-
locked scenarios. However, it should be noted that
complete notification persistence cannot be guaranteed
under all Android system conditions. In particular, device
reboot, aggressive RAM clearing, manufacturer-specific
battery optimization, and exact alarm restrictions may
affect scheduled notification behavior.

Future implementations may benefit from integrating
Android native components such as BroadcastReceiver,
WorkManager, AlarmManager, and boot-completed
receivers to improve reminder persistence after device
reboot or system-level process termination.

C. Security and Privacy Considerations

Local JSON storage may reduce dependence on external
cloud transmission, but it should not be interpreted as a
complete data security mechanism.
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Plaintext JSON files do not provide encryption-level
protection. If a device is rooted, compromised, or if local
backups are extracted, the stored data may still be exposed.
The current implementation is therefore a lightweight local
storage design, not a fully secure storage solution.

Future = work should incorporate  encryption
mechanisms, such as Android Keystore-based key
management or encrypted local databases, to improve
protection for sensitive task data.

D. Future Work

Based on the limitations identified in this study, several
directions can be considered for future system
improvement. First, the current JSON-based storage
mechanism can be replaced with SQLite or Realm to
improve data integrity, transaction safety, scalability, and
query efficiency. This would be particularly useful when
the number of task records increases or when advanced
functions such as task categorization, tagging, and search
are introduced. Second, the notification mechanism can be
further improved by integrating Android native
components such as BroadcastReceiver, WorkManager,
AlarmManager, and boot-completed receivers.

Third, the security of local task data should be
strengthened. As noted in the security discussion above,
plaintext JSON files do not provide encryption-level
protection. Future versions should consider Android
Keystore-based key management or encrypted local
databases to protect sensitive task information. Fourth,
cloud synchronization can be added as an optional
function. While the current system focuses on offline
operation, optional cloud synchronization would allow
users to access and back up their task data across multiple
devices. This function should be designed carefully to
balance usability, privacy, and data security.

Finally, future versions can support recurring tasks and
intelligent reminder mechanisms. Recurring tasks would
allow users to schedule daily, weekly, or monthly
reminders, while intelligent reminder mechanisms could
adjust notification timing based on user behavior, task
urgency, or historical completion patterns. These
extensions would make the system more practical for
long-term task management.

VI. CONCLUSION

This paper presented and evaluated a Unity-based
offline task management application that integrates
JSON-based local persistence and Android local
notification scheduling. Rather than proposing a new task
management architecture, this work examined the
feasibility and limitations of using Unity for a non-gaming
mobile productivity application.

Under the tested Android environment, the system
reliably supported the full task lifecycle: creation,
browsing, deletion, local persistence, and scheduled
notification. The notification reliability, JSON storage
performance, and resource consumption measurements
quantify its behavior under realistic usage conditions. In
addition, the preliminary observational user evaluation
suggests that users can understand the basic interaction

flow and visual task status indicators, although a formal
questionnaire-based usability study is still required for
stronger statistical validation.

The study also identifies several limitations.
JSON-based local storage is simple and suitable for
lightweight task data, but it lacks transaction safety and
scalability. Android notification behavior may be affected
by Doze Mode, App Standby, device reboot, and
manufacturer-specific battery optimization. In addition,
plaintext JSON storage provides no encryption-level
protection. These limitations suggest that future versions
should consider SQLite or Realm for local persistence,
Android native components for notification reliability, and
encryption mechanisms for improved data protection.
Overall, the findings provide practical insights into the
feasibility of using Unity as a framework for non-gaming
mobile productivity applications.
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