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The objective of the research was to implement a mobile application for the
management of appointments in a specialized dental center, to improve
patient care, allowing them to make their reservation from the place and at
the time they want. The research has a quantitative approach, of
experimental type with a pre-experimental design. The population consisted
of 70 patients, with a total sample of 60. The SPSS statistical software was
used for the elaboration of the results, obtaining positive results. With all the
above mentioned in this research work, it is concluded that the
implementation of the mobile application for appointment management for
the dental center will facilitate patients to have better attention, which allows
a reduction of time and satisfaction with the service. In indicator 1, referring
to appointment registration time, a reduction of 44.13% was obtained. In
indicator 2 on the number of patients presenting for appointments, an
increase of 17.58% was obtained, and finally, in indicator 3 on the level of

satisfaction, an increase of 65% was obtained.
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1. INTRODUCTION

At present, people demand new technologies that help facilitate their daily lives. Technology has
become an indispensable part of our daily lives. In the health sector, human-centered loT-based monitoring
systems are increasingly used to support chronic care and improve patient outcomes [1]. Online appointments
have increased thanks to technological advances and the reach of the internet; they require facilities to obtain
a medical appointment [2]. The integration of ICT has revolutionized health services, and international
frameworks such as Health in All Policies promote intersectoral collaboration to improve equity and service
delivery [3]. The current situation underlines the importance of technological innovation in the provision of
health services to support good health. However, studies show that adaptation to ICT solutions, especially
among older adults, remains a challenge due to usability and accessibility issues [4], [5].

More than 318,000 mobile applications focus on the field of health, and the user adoption is on the
rise as these applications are increasingly being downloaded and used by a large segment of the population
[6]. Likewise, the number of mobile applications continues to increase, aiming to support users in health
management. However, challenges in cybersecurity and data protection remain critical in healthcare 10T
systems [7]-[9].

Difficulties in getting a medical appointment on time become a serious problem. Patients wait
approximately 18.5 days in US metropolitan areas for an appointment [10]. Health services in developing
countries face a similar situation. In the country of China, limited medical resources lead to an imbalance
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between the demand for outpatients and the supply of healthcare [11]. The appointment system is the core of
patient control, it is the access that permits you to access care. A well-designed appointment system has the
potential to increase the utilization of expensive resources and reduce waiting time for patients [12]. Recent
studies have shown that appointment-scheduling systems, even in contexts like blood donation, can improve
attendance and operational efficiency during health crises such as the COVID-19 pandemic [13].

Given the current emergency healthcare situation, the demand for medical care is increasing, and time
management has become a critical factor for both patients and healthcare providers. A hybrid decision-support
strategy has been shown to effectively reduce waiting times and improve operational efficiency in clinical
environments [14]. One of the most effective ways to improve healthcare efficiency is through online patient
appointment systems, which have shown a significant impact on service quality and patient satisfaction [15].
However, lateness is common. Studies have revealed that a major challenge in appointment systems is patient
arrival times, as patients often arrive early or late, which causes congestion and wait times [16], another study
indicates an average of 17 minutes before the appointment with a standard deviation of 30 minutes [2]. Late
arrivals lead to system congestion or provider downtime. The COVID-19 disease pandemic accelerated the
development of online healthcare services [17], [18], helping to reduce in-person care appointments, favoring
those with difficulties in going to a medical center and those who were far away from being seen online. with
specialist doctors allowing them to save their lives [19]. In addition, hybrid algorithms such as particle swarm
optimization-support vector machine (PSO-SVM) have been proposed to support COVID-19 screening and
decision-making processes, contributing to more efficient healthcare delivery [20]. For this, it is essential to
redesign the care model based on the principles of primary health care, which emphasize integrated services,
community engagement, and improved problem-solving capacity within health units [21].

The goal of this research is to improve the efficiency and experience of both patients and center
staff. The application will optimize and improve appointment management, time, and compliance. For
patients, it will allow them to easily book, modify or cancel appointments from their mobile devices, and
access their appointment and treatment history. For center staff, it will facilitate agenda management and
improve communication with patients, reducing absences and improving personalized care.

2. LITERATURE REVIEW

The appointment booking app aimed to provide enhanced online booking [22]. The additional
objective of the system is to provide a single centralized service to patients and users who require it. Provide
a single platform to schedule an appointment at any time within the user's geographic region. Likewise, it
seeks to eliminate the concept of waiting time in the hospital, making it easier for the user to reserve and
cancel the appointment in advance, the ease of online payment. Resulting in a reduction in the time that the
patient takes when requesting a medical appointment [23].

A mobile application was implemented which was created to try to reduce attention time and costs,
designed the application for Android and iOS operating systems [24]. Offering an asynchronous messaging
service between patients and doctors. There was a diagnostic sample of 50 participants, of which 60%
invested up to four hours for their medical care, while 50% invested two minimum wages between the
consultation and the transfer. The exploration also showed that more than 80% would use a mobile app to
receive health care. It was shown that this application significantly reduces the time dedicated to the medical
care process, as well as the economic resources that must be invested in it. It was also sought to optimally
schedule a certain number of appointments in a certain number of time slots with the use of simulations for
the evaluation of schedules and optimization through simulation techniques [25]. Giving a numerical result
that significant improvements can be achieved compared to standard programming practice.

Using an intelligent software system in UAE, the objective was to design and implement the system and
mobile application "Mwa3edk" for the process of requesting a medical appointment in hospitals and medical
clinics [26]. Connecting a large number of hospitals and clinics with users in the United Arab Emirates. Also,
users will describe their symptoms and the app will give them recommendations using the built-in artificial
intelligence method. Likewise [27], was intended to be able to design an intelligent assistant for the management
of medical appointments and records. Making it easier for patients to follow up on appointments and reducing
registration time at the clinic, just as it was intended to have a prototype for evaluations of health appointments.

3. METHOD

For the present work, it was decided to use the agile method of Scrum to develop the prototype of
the project. Scrum, according to Cano et al. [28] is a management framework for the incremental
development of products, using one or multifunctional teams. It is managed through a structure of roles,
meetings, rules, and artifacts. The teams are in charge of creating and adapting the processes within this
framework. Scrum uses fixed-length iterations called Sprints, which take 14 days (2 weeks) or 30 days.
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3.1. Scrum roles

According to Timkyw et al. [29] indicates that it is a small team of people, which consists of a Scrum
Master, a product owner (Product Owner), and developers. It does not have sub-teams or hierarchies, in which they
are focused on one objective at a time, the product objective. The Scrum team is cross-functional, which means
that the members have all the necessary skills to create value in each Sprint, usually numbering 10 or less.

3.1.1. Scrum Master

The Scrum Master is tasked with implementing Scrum according to its guidelines and ensuring that
the Scrum Team operates effectively. Additionally, the Scrum Master plays a key role in facilitating
collaboration and continuous improvement within the team, helping to remove obstacles and promote agile
best practices. Facilitates the agile process, ensuring that the team follows Scrum principles, eliminating
impediments, and helping to optimize the workflow.

3.1.2. Product owner

Responsible for effective project management, as well as for maximizing the resulting value, he is
like the owner of the project. Focuses on the product vision, prioritizing the backlog and ensuring that the
team develops the features that bring the most value to the business and users.

3.1.3. Developer

Developers are the team members responsible for building various components of a functional
increment during each Sprint. They are in charge of the technical construction of the application,
implementing the functionalities, correcting errors, and ensuring the quality and efficiency of the code to
meet the established requirements.

3.2. Scrum artifacts

According to Schwaber and Sutherland [30] the artifacts are designed to maximize the transparency
of the information. Each artifact ensures that it provides information that improves the transparency and
focus with which progress can be measured.

3.2.1. Product backlog

The product backlog organizes in a structured manner everything necessary to enhance the final
product. It serves as a prioritized list of all features, improvements, and fixes needed for the development of a
mobile application. It is managed by the product owner, who prioritizes items according to business value
and user needs and can be continuously updated as new requirements arise.

3.2.2. Sprint backlog

It includes the set of product backlog items chosen for the sprint (what), the sprint goal (why), and
an actionable plan to deliver the increment (how). This subset of the product backlog contains the specific
tasks that the development team commits to completing during the sprint. Managed by the team, it provides a
clear and focused direction for short-term efforts, ensuring alignment with sprint objectives and promoting
efficient progress. Additionally, it fosters accountability and clarity within the team, helping to track progress
and adapt as needed.

3.2.3. Increment

Each increment builds upon all previous ones and undergoes thorough verification to ensure
functionality, guaranteeing that all increments are operational. For the increment to deliver value, it must be
usable. The key features of mobile applications include high performance and availability, which is why the
client-side layer is developed to function offline, as demonstrated in the architecture in Figure 1. This offline
capability enhances user experience by ensuring consistent access and reliability even when network
connectivity is limited.
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Figure 1. Mobile application architecture
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4. SOLUTION DEVELOPMENT

This section outlines the procedure for developing the mobile application prototype, adhering to the
lifecycle methodology. Additionally, the next section explains the tools to be utilized in the case
development, along with the steps for implementation.

4.1. Hardware

In mobile application development, physical components, such as mobile devices, servers, and
networking equipment, are necessary to run, test, and support the application. This ensures the application's
performance and compatibility in different environments. Table 1 shows the features of mobile equipment,
and Table 2 shows the characteristics of desktop computers.

Table 1. Mobile equipment features ~ Table 2. Desktop computer characteristics

Equipment Features Equipment Features
Mark/model ~ Samsung Galaxy A3 HDD 500 GB

Processor Quad-core 2.5 GHz Processor Core i3

RAM 2GB RAM 4GB

Screensize 5.1 Display 21.5”

Storage 32 GB Operating system  Windows 10 professional 64 bits

4.2. Software

It covers the programs, tools, and operating systems used for both the application's development and
operation, such as programming languages, IDEs, database management systems, and libraries. Software
defines how the application is built and runs on the hardware. Table 3 shows the programs/tools to be used
with their respective descriptions and licenses.

Table 3. Software

Programs/tools Description Licenses/free software
Visual studio code  Code editor Free
Android studio Development environment Free
Laragon Tool to create different development environments ~ Free
Microsoft office Office tool Educational license
DigitalOcean Virtual server License
XAMPP MySQL database management Free

4.3. Sprint planning

It is a meeting at the beginning of each sprint where the development team, guided by the Scrum
Master and the Product Owner, selects the most priority product backlog items to work on during that sprint,
defining clear goals and planning how they will be implemented. The work to be done for each Sprint is
established. He makes sure attendees are prepared to discuss the most important topics. The Scrum Team
may also invite other people to attend sprint planning to provide advice [30].

4.3.1. Impact matrix
There is a priority classification in Table 4 that will be used to classify the functional requirements (FR).

Table 4. Impact matrix
Priority
Very high 1
High 2
Half 3
Low 4
Verylow 5

4.3.2. Prioritized product backlog

Provides an ordered list of features, enhancements, and fixes that should be implemented in a
mobile application, organized according to their value and priority for the business. The product owner is
responsible for prioritizing these items to maximize the impact on users and project goals, ensuring that the
team works on what is most relevant. The product backlog shows the FR (Table 5), properly ordered
according to priority; it also includes its requirement, estimated time, and history number.
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Table 5. Product backlog

Estimated  Story

FR History - - Priority
time points

FR1: the application must have a login so that the user can enter the main menu. H1 2 20 1
FR2: the application must be able to record user data. H2 3 20 1
FR3: the application must be able to update the user data. H3 3 40 1
FR4: the application must be able to register an appointment and show the specialties H4 2 40 2
that the dental center has and the type of appointment that the user requires.
FR5: the application must be able to show the different doctors as well as their H5 5 80 3
schedules for each and select the day of the appointment reservation.
FR6: the application must be able to show a total summary of the appointment H6 3 40 3
record, before being registered and validated by the user.
FR7: the application must be able to show all the registered and pending H7 2 20 4

appointments of the user, with their respective data.

4.3.3. Workplan

In this section, we look at the work plan (Table 6), which is an essential tool that the Scrum Team
will use for planning and managing fieldwork because it allows a clear vision of the activities that must be
developed to complete each sprint. Figure 2 shows the time it takes the team to develop the points of the user
story, to verify in greater detail the degree of progress in the sprint estimates.

Table 6. Distribution per sprint

Estimated  Story

FR History - . Priority
time points
<! FR1.: the application must have a login so that the user can enter the main menu. H1 2 20 1
£ FR2: the application must be able to record user data. H2 3 20 1
& FR3: the application must be able to update the user data. H3 3 40 1
FR4: the application must be able to register an appointment and show the H4 2 40 2
N specialties that the dental center has and the type of appointment that the user
£ requires.
& FRS: the application must be able to show the different doctors as well as their H5 5 80 3
schedules for each and select the day of the appointment reservation.
o FRE6: the application must be able to show a total summary of the appointment H6 3 40 3
€  record, before being registered and validated by the user.
UE)_ FR7: the application must be able to show all the registered and pending H7 2 20 4

appointments of the user, with their respective data.

4.4. Development
This process was developed using Balsamiq mockup software for prototyping. It allowed us to
generate the following sprints.

4.4.1. Sprint 1

In the first sprint, we focused on working with user stories 1, 2, and 3 of the product backlog:

a. FR 1: the application must have a login so that the user can enter the main menu.
b. FR 2: the application must be able to record user data.
¢. FR 3: the application must be able to update user data.

During Sprint 1, three key interfaces were developed for the mobile application. Figure 2(a) shows
the login screen where users enter their credentials to access the system. Figure 2(b) presents the registration
form for new users to create an account. Figure 2(c) illustrates the profile update interface, allowing users to
modify their personal information.

4.4.2. Sprint 2
In the second sprint, we focused on working with user stories 4 and 5 of the product backlog:
a. FR 4: the application should allow users to register for appointments and show the dental center's
specialties and the type of appointment they require.
b. FR 5: the application should be able to display the different physicians and their schedules for each and
select the day of the appointment reservation.
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Figure 2. Sprint backlog 1; (a) login interface, (b) registration interface, and (c) profile update interface

During Sprint 2, two interfaces were developed to facilitate appointment booking. Figure 3(a) shows
the screen where users can select the dental specialty and type of appointment. Figure 3(b) presents the
interface for choosing the date and time of the appointment based on available slots.
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Figure 3. Sprint backlog 2; (a) specialty selection interface and (b) appointment scheduling interface

4.4.3. Sprint 3

In the third sprint, we focused on working with user stories 6 and 7 of the product backlog:

a. FR 6: the application must be able to display a total summary of the appointment record before it is
registered and validated by the user.

b. FR 7: the application must be able to display all the user's registered and pending appointments, with their

respective data.

During Sprint 3, two final interfaces were created to complete the appointment process. Figure 4(a)
displays the summary screen showing all appointment details before confirmation. Figure 4(b) shows the list

of registered and pending appointments for the user.
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5. RESULTS AND DISCUSSION
5.1. KPI 1: "appointment recording time"'
In this section, a descriptive analysis was performed for the "appointment record time" indicator, the

comparison between the pre-appointment time and post-appointment time records, as shown in Table 7. Then
the histogram was made for the pre and post-times shown in Figure 5.

Table 7. Frequency of the indicator appointment recording time
Time pre  Time post

N Valid 60 60
Lost 0 0
Mean 19.33 10.80
Median 19.00 12.00
Mode 23 12
Desvest 3.057 3.080
Varience 9.345 9.485
Minimum 15 5
Maximum 25 15
Sum 1160 648
Percentile 25 16.25 9.00
50 19.00 12.00
75 22.75 13.00

E Attendance PRE = Attendance POST

25

19.33

20

15

Time(s)

10

Figure 5. Histogram pretest and posttest of the indicator appointment registration time
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According to the results shown in Table 7 and Figure 5, for the indicator level of time with the
implementation, the mean value in the pre-test was 19.33, and the mean value in the post-test was 10.8. The
results indicate that there was a reduction of 44.13%. Next, the normality test will be carried out as shown in
Table 8. Then, the normality test of the Appointment recording time indicator was performed as shown in
Figure 6.

Table 8. Test normality of indicator 1

Kolmogorov-Smirnov? Shapiro-Wilk
Stadistic gl Sig.  Stadistic gl  Sig.
Time pre 161 60 .001 913 60 .000

Time post .168 60 .000 .924 60 .001

Probability Plot of TIMEPRE; TIMEPOST
Normal-95% de IC

999 71
Variable

—®— TIMEPRE
—®— TIMEPOST

Media Desv.Est. N AD P
19.32 3.057 60 1818 <0.005
10.8 3,080 60 1372 <0005

Expected Values
3

Observed Values

Figure 6. Test for normality of the indicator appointment recording time

As shown in Table 8 and Figure 6 since the sig. of the pretest (0.000) and the sig. of the posttest
(0.001) are less than 0.05, it is stated that the data do not have a normal distribution. Table 9 shows that, after
having performed the Wilcoxon non-parametric test, the significance value is equal to 0.000, this being the
limit value to accept the research hypothesis. Therefore, the mobile application positively influences the time
of appointment management in a specialized dental center.

Table 9. Wilcoxon test of indicator 1
Test statistics®
Appointment recording time - pre and - post
z -6.741°
Asymp. Sig. (2-tailed) .000
a. Wilcoxon signed ranks test
b. Based on negative ranks

5.2. KPI 2: "number of patients presented to the appointment™

In this section, a descriptive analysis was performed for the indicator "number of patients presented
to the appointment”, the comparison between the pre-appointment time and post-number of patients present
to the appointment, as shown in Table 10. Then the histogram was made for the pre and post-attendance of
the patients to their appointments, shown in Figure 7.
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Table 10. Indicator frequency of medical appointment attendance
Attendance pre  Attendance post

N Valid 60 60
Lost 0 0
Mean 455 5.35
Median 5.00 5.00
Mode 6 3
Desvest 1.126 1.676
Varience 1.269 2.808
Minimum 3 3
Maximum 6 8
Sum 273 321
Percentile 25 4.00 4.00
50 5.00 5.00
75 6.00 7.00

H Attendance PRE B Attendance POST

5.6

5.35

5.4

5.2

4.8

4.6

Number of patients

4.4

4.2

Mean

Figure 7. Histogram pre-test and post-test of the indicator number of patients presented to the appointment

According to the results shown in Table 10 and Figure 7, for the level of assistance with the
implementation indicator, a mean value of 4.55 was obtained in the pre-test and 5.35 for the post-test. These
results reflect an increase of 17.58%. Next, the normality test will be carried out as shown in Table 11. Then,
the normality test of the indicator of the number of patients presented to the appointment was performed as
shown in Figure 8.

As shown in Table 11 and in Figure 8 the sig. of the pre-test is 0.000 and the sig. of the post-test is
0.000. Where both values are less than 0.05, then it is stated that the data does not have a normal distribution.
About what is observed in Table 12, using the Wilcoxon non-parametric test. There is a significant level
equal to 0.004, which is less than 0.005, the limit value to see if the research hypothesis is accepted. So, the
mobile application positively influences the fulfillment of appointments at the specialized dental center.

Table 11. Test normality of indicator 2

Kolmogorov-Smirnov? Shapiro-Wilk
Stadistic gl Sig.  Stadistic gl  Sig.
Attendance pre 172 60 .000 .856 60 .000

Attendance post .140 60 .005 913 60 .000
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Figure 8. Test for normality of the indicator Number of patients presented to the appointment

Table 12. Wilcoxon test of indicator 2
Test statistics®
Patients presented - pre and patients presented - post
z -2.872°
Asymp. Sig. (2-tailed) .004
*a. Wilcoxon signed ranks test
*b. Based on negative ranks

5.3. KPI 3: "leve of satisfaction™

In this section, with data extracted from the SPSS Software Version 21, the comparison was made
between the level of satisfaction. Making a comparison between pre and post-assistance can be seen in
Table 13. Then the histogram was made for the pre and post-level of satisfaction shown in Figure 9.

According to the results shown in Table 13 and Figure 9, for the indicator Level of satisfaction with
the implementation, in the pretest, a mean value of 0.20 was obtained and for the posttest, it was 0.33. These
results indicate an increase of 65%.

About what is observed in Table 14, using the MacNemar test. There is a significant level equal to
0.041, which is less than 0.005, the limit value to see if the research hypothesis is accepted. It is concluded
that the mobile application positively influences the satisfaction proposed in the specialized dental center.

Table 13. Indicator frequency medical appointment attendance
Satisfaction_pre_test  Satisfaction_post_test

N Valid 60 60
Lost 0 0
Mean .20 .33
Median .00 .00
Mode 0 0
Desvest 403 AT75
Varience .163 .226
Minimum 0 0
Maximum 1 1
Sum 12 20
Percentile 25 .00 .00
50 .00 .00
75 .00 1.00
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Figure 9. Histogram pre-test and post-test of the indicator level of satisfaction with the implementation

Table 14. McNemar test of indicator 3
Test statistics®
Grade of satisfaction - pre and grade of satisfaction - post
N 60
Asymp. Sig. (2-tailed) .041°
*a. McNemar test
*b. Binomial distribution used

6. CONCLUSION

The development of a mobile application to optimize appointment management in a specialized
dental center has several relevant implications. Firstly, it improves the patient’s experience by facilitating the
booking, modification and cancellation of appointments in real time, reducing waiting times and avoiding
administrative errors. It also optimizes the efficiency of the clinical staff by automating the management of
the agenda and ensuring greater accuracy in monitoring the schedules and availability of specialists.

After examining the results, it is concluded that: the mobile application has a positive influence on
the appointment management time in the dental center, since it allowed a reduction in the registration time of
appointments that come to the clinic, thus achieving the expected objectives of this research. Likewise, it is
determined that the mobile application has a positive influence on the fulfillment of appointments at the
dental center, since it allowed an improvement in the number of patients who attend their appointments, thus
achieving the objectives expected in this research. Finally, it is concluded that the mobile application has a
positive influence on the proposed satisfaction in the dental center since it allowed an increase in the degree
of satisfaction on the part of the users, with which the objectives expected in this research were achieved.

As for future work, the application could be integrated with clinical management systems to link
medical records and procedures, allowing both patients and dentists to have more efficient access to
information. Other improvements could include automatic appointment reminders, integration with electronic
payments, post-treatment follow-up through notifications, and even implementing a telemedicine system for
remote consultations. In addition, the application could incorporate data analytics to optimize the distribution
of appointments according to demand, further improving the productivity of the dental center.
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