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Abstract

Medication non-adherence is a health problem often found in the global community. According to Lars Osterberg,
M.D, about 30% of adult patients in America fail to take their medication at the appointed time, causing an estimated
$100 billion in possible costs each year. Along with the development of information technology, interventions have
been carried out on non-adherence to medication in patients. Previous research developed an automatic treatment
application by sending notifications in email and SMS messages on time according to doctor's recommendations;
Unfortunately, now SMS messages have almost been replaced with chat application services. This study aims to
overcome the focus by performing automatic reminders using cloud computing technology with job scheduling sent
via cellular notifications, email, and WhatsApp so that treatment reminders will be delivered faster using cloud
computing. This research begins by designing an auto-reminder function. After the design is complete, it is continued
with the implementation phase of the drug reminder application. In the testing phase, ten notifications were sent via
WhatsApp, cellular, and email, received by 30 respondents, and sent simultaneously on each media with an average
time interval of approximately 2 seconds, 7 seconds, and 18 seconds, respectively. The test concluded that all
notifications sent with the last ten users experience a delay of approximately 18 seconds for each notification media.
In future research, it is recommended to implement this notification technology on Wearable Devices so that it is
expected to make it easier for patients to receive notifications during their treatment period.
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1. Introduction

Medication adherence is the process by which patients follow their medication as prescribed, consisting of 3 main
components: initiation, implementation, and discontinuation (Walsh et al, 2019). Many factors contribute to
medication non-adherence, one of which is the individual level of the patient (e.g., low health literacy) (Zullig et al,
2017). The human factor is one of the causes of medical errors, an exciting topic in patient safety. It is understood that
the human condition has poor memory, false senses, and poor response to physiological stress (Robson, 2013). In
general, there are four categories of medical errors. One of these categories is Preventive Error; Preventive Error can
come from insufficient supervision or lack of follow-up care (Al-Assaf et al, 2003). As a medical human being,
mistakes are a huge problem; therefore, even though the costs incurred are significant, it is necessary to avoid the
injury and death of many people (Al-Assaf et al, 2003). The forms of prevention that have been used include
medication reminder applications. Today's life is full of responsibility and stress. So, people are prone to various
diseases, and we must keep ourselves fit and healthy. If the patient stays at home, he may ask someone to take care of
him, but when someone is not at home, is out of town, or is away from home, it is difficult for family members to
remind them. They are timing their doses each time (Ameta et al, 2015).
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The automatic reminder mobile application for taking medication synchronized with email and chat applications will
significantly assist patients in carrying out their on-the-go treatment, especially for someone who uses email for
application and chat users. Comparing chat app usage, in this case, shows that WhatsApp is used significantly more
often than SMS. 85.17% of participants used WhatsApp at least once or twice a day, while only 6.69% used SMS so
frequently. It leads to the conclusion that WhatsApp communication is preferred and significantly more frequent than
SMS communication by the participants (Seufert et al, 2016). This survey is the reference for sending notifications
via chat applications rather than SMS. Notification of implementation through a notification has been applied in
previous research. Implementation is carried out using real-time algorithms, Calendar API (Zao et al, 2010), and
Application Development Framework (ADF) (Ameta et al, 2015). In this study, the implementation was carried out
by running job scheduling on a cloud server to push notifications for automatic medication reminders.

2. Methods
This research was carried out in three stages to achieve the research objectives. The research method in this study can
be seen in Figure 1.

Implementation of Job Testing on Automatic
———————— Scheduling Automatic Medication Reminder
Medication Reminder Notification

Designing an Auto
Reminder Function

Figure 1 Research method of medicine reminder

The first stage is to design an automatic reminder function to determine the steps of the job scheduling implementation
used to schedule the delivery of three notifications. Followed by the second stage, namely the implementation of Job
Scheduling automatic medication reminders, the third phase is testing on automatic medication reminder notifications.

2.1. Designing an Auto Reminder Function

Functional modeling makes design problems modular and structured (Shan and Li, 2009). Therefore, the design of the
automatic reminder function is carried out according to the needs of outpatients who need 24-hour attention to carry
out their treatment. The automatic reminder function is designed to be able to send mobile, email and WhatsApp
notifications according to patient needs which can be done more than once in 24 hours.

2.2. Implementation of Job Scheduling Automatic Medication Reminder

Automating automatic medication reminders is carried out on mobile applications and backend services. The mobile
app is built using React Native, and the backend uses Node.js with a MongoDB database. In the mobile application,
there is a function to input the patient's outpatient treatment schedule, which will be stored in the database as a
collection of patient scheduling data, executed by the Job Scheduler. The Job Scheduler is a core component of the
scheduling system in the Cloud, and This decides the execution of tasks waiting in the Job Queue as a First-In-First-
Out (FIFO) order (Yang et al, 2011).

Job Scheduling is implemented in the backend, running as a background process to provide automatic medication
reminder notifications. Job Scheduling is used to check periodically in one minute, and this is done so that orders to
compare scheduling times can be carried out without any missed time. Four tasks are run on job scheduling; the first
job is scheduled email, namely, checking the current time and scheduling time for taking medication and sending
notifications via email that will run periodically in one minute. The second job is scheduled to send WhatsApp
notifications, namely, checking the time and sending notifications via WhatsApp. The third job is to subtract days,
namely, reducing the interval of taking medication which will be executed periodically at 00:00 and run 1x24 hours.
The fourth job is untaken medicine, which is to make a re-notification within fifteen minutes after taking the drug
three times. Periodically.
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2.3. Testing on Automatic Medication Reminder Notification

In the testing stage on automatic medication reminder notifications, several test cases were carried out, namely
measurements of the speed of time for automatic drug notification requests and testing on CPU process resources load
on a cloud virtual machine server.

2.4.1. Response Time Measurement

This measurement is carried out to see how far and long three notifications (email, mobile notification, and WhatsApp)
are sent to users of the automatic medication reminder application. This measurement is carried out by sending
notifications to the user's device that has been registered with the application and is carried out repeatedly to determine
the reliability of notifications.

2.4.2. CPU Resource Load Measurement
Measurement of CPU resource process load is carried out to determine the percentage of CPU process load used when
testing notification delivery which aims to test the reliability of notifications.

3. Result and Discussion

3.1. Implementation of Medication Reminder
The implementation of automatic medication reminders is carried out on mobile applications and backend services.
The mobile app is built using React Native, and the backend is built using Node.js with a MongoDB database.

3.1.1. Implementation of Job Scheduling Automatic Medication Reminder

Job Scheduling is implemented on the backend using Node.js with a job scheduler, carried out on a Cloud Virtual
Machine with specifications vCPU 2 core one shared core, 1 GB RAM as a background process to provide automatic
medication reminder notifications. Job Scheduling is used to check scheduling periodically within one minute, and
this is done so that commands to compare scheduling times can be carried out without missing any time. Four tasks
are executed on Job Scheduling. The first job is scheduling email notifications, namely checking the current time,
scheduling medication time, and sending notifications via email, which will run periodically for one minute. The
second job is scheduling WhatsApp notifications, checking the date and time, and sending notifications via WhatsApp.
The third job is Mobile Notification scheduling which checks the date and time and sends notifications via mobile
notifications. The fourth job is untaken medicine reminder, which is to make a re-notification within fifteen minutes
after taking medicine three times regularly. Implementation of job scheduling on the backend can be seen in Figure 2
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Figure 2 Backend Background Process

The logs in Figure 2 are job scheduling processes that run on the server; each job will provide information when the
scheduling process is started, or processes have been completed. The "online" sign means the process is being carried
out; the "done" sign means the process has been completed. Notifications sent via email will be sent via the SMTP
server. (Kambourakis et al, 2020), notifications on WhatsApp are sent via API Client, and mobile notifications will
be sent with Firebase Cloud Messaging (FCM) (Sanmorino and Fajri, 2018).
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3.1.2. Implementation of Automatic Medication Reminder on Mobile Application

The mobile application for the client is implemented to connect the client and automatic reminders on the backend;
the client performs automatic reminder settings on the scheduling function. The client sends a POST request to save
the new scheduling data using the REST API. In the development of the mobile application, FCM token renewal is
also carried out when authenticating logins for the need for sending mobile notifications. The results of implementing
the automatic medication reminder mobile application can be seen in Figure 3.
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Figure 3 Implementation of automatic medication reminder mobile application

The first stage that users need to do is authenticate so that the FCM token is updated in the database; FCM also ensures
that push notifications can be done safely (Sanmorino and Fajri, 2018). then, the user makes scheduling arrangements
for taking medication by entering scheduling data. Notifications will be received immediately after the scheduled time
according to the previously scheduled time; the following is the display of the notification sent, which can be seen in
Figure 4.
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Figure 4 Medicine Reminder Notifications
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Users receive notifications through three media (WhatsApp, Email, and mobile notification) based on the schedule
made; the notification contains the schedule for taking the medicine that must be taken and the number of pills.

3.2. Testing on Automatic Medication Reminder Notifications

Automated medication reminder notifications are tested to determine the load of resources spent when sending many
notifications on a virtual machine and to find out the response time for sending notifications in order to find out how
fast the delivery is via three notification delivery media. The test was carried out by making a notification sending
request which was carried out ten times to 30 respondents and sent simultaneously via email, WhatsApp, and mobile
notifications. There are several stages of testing carried out, the first stage is scheduling data collection, and the second
stage is testing the delivery of notifications simultaneously.

3.2.1. Scheduling Data Collection
To perform notification testing, it takes 30 data in the scheduling collection, all scheduling time data is set at the same
time to perform notification testing.

3.2.2. Notification Test with Postman
After all, data is collected in the database, and testing is carried out using the Postman platform to test the response
time for each notification request. Metrics can be seen in Figure 5.
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Figure 5 Response Time Metrics with Postman

Notification requests sent include email, mobile notifications, and WhatsApp notifications. The results of the tests
conducted by Postman concluded that all notifications were sent in a total of 74 seconds, with an average response
time of 475 MS for mobile notifications, 114.5 MS for WhatsApp notifications, and 1951 MS for email notifications.
Metrics can be seen in Figure 5.

3.2.3. Notification Test with Google Trace

Tests using Google Trace API requests are carried out directly on the backend, in contrast to Postman, which makes
requests on the Postman platform. At the time specified in the scheduling data, Job Scheduling will do its work by
executing the request for sending notifications. The test using tracer can be seen in Figure 6.
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Figure 6 Response Time Metrics with Tracer

The test results concluded that notifications were sent for 18 seconds with an average response time of 256 ms for
mobile notifications, 89 ms for WhatsApp notifications, and 671 ms for email notifications. All notifications sent with
multiple notifications have a delay of 18 seconds in the last ten notification queues.

Table 1 Response Time Comparison

Media Type Postman Google Trace
WhatsApp 114.5 ms 89 ms
Mobile Notification 475 ms 256 ms
Email 1951 ms 671 ms

Asin Table 1, Tests with Google Trace are faster than Postman tests because requests are made directly on the backend
run by a cloud virtual machine.

3.2.4. Virtual Machine Resource Load
Checking virtual machine resources is done to find out how many resources are used to do push notifications with job
scheduling techniques. The percentage of resources can be seen in Figure 7 and igure 8.
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Figure 7 CPU Process on Virtual Machine

© IEOM Society International
1088



Proceedings of the 3" Asia Pacific International Conference on Industrial Engineering and Operations
Management, Johor Bahru, Malaysia, September 13-15, 2022

CPU resources when running the scheduling process using job scheduling are at +5% CPU usage, and the percentage
of CPU usage can drop to +4%.
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Figure 8 CPU Utilization on Virtual Machine

When testing the delivery of 30 notifications, CPU resources increased by approximately £4% from 43%. Metrics can
be seen in Figure 8.

4. Conclusion

This study focuses on implementing and testing the automatic medication reminder notification function, which is
implemented on a mobile app and backend using job scheduling techniques on a cloud virtual machine. Notifications
are sent via mobile notifications, email, and WhatsApp. In this study, the test results conclude that the experiment of
sending ten notifications sent to 30 respondents received all notifications and experienced a delay of 18 seconds for
the last ten users for each notification media. The Job Scheduling process on the backend does not take up a significant
CPU load because it only consumes +5% of the CPU processing on the virtual machine used in this study.
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