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Introduction

The incidence of cervical cancer worldwide is 
increasing every year, including in Indonesia. Globally, in 
2022, about 661,021 new cases were recorded, along with 
348,189 deaths [1]. This figure increased from 604,127 
cases and 341,831 deaths in 2020 [2]. In Indonesia, there 
were 408,661 new cases and 242,988 deaths in 2022 [3], 
an increase from 396,914 new cases and 234,511 deaths 
in 2020 [4]. Cervical cancer can be fatal if not treated 
promptly, so early detection is crucial [5, 6]. Ironically, 
women’s awareness of cervical cancer screening is still 
very low, even though the government has provided 
facilities [7].

About 14.6% of the target population had undergone 
cervical cancer screening using the visual inspection 
with acetic acid (VIA) method based on reports from 
2021-2023. The results showed a positive VIA of 31,236 
(1%) and suspected cervical cancer of 324 (0.01%) [8]. 
Since 2021, the coverage of cervical cancer screening in 
Indonesia has increased by only around 7% from the target 
of 70% [9]. The number of VIA examinations in Maluku 
in 2023 was 2.57% of women, an increase of only 1% 
from 2022, which was 1.66%. The results showed that 63 
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women were positive for VIA, five women were suspected 
of having cancer, and 39 women were referred [10, 11]. 
Ironically, while cases of cervical cancer are increasing, 
women’s awareness of screening is still very low.

One effort to increase women’s awareness of screening 
is through the role of health workers, who educate the 
public on the risks and symptoms of cancer [12–14]. 
The current problem is that many women are still not 
involved in cervical cancer screening, despite being 
educated by health workers. The most common reasons 
are embarrassment and fear of being screened, fear of 
knowing the results, not knowing their cancer risks, or 
even not feeling like they have any symptoms [15–17]. 
However, significant symptoms of cervical cancer usually 
appear when it is already at an advanced stage, and the 
majority of sufferers cannot be helped, so early detection 
is crucial [18]. In contrast, health workers only provide 
education and wait for women to come to the community 
health centre for screening. Healthcare workers should be 
more proactive in identifying cancer-risk groups within 
the community [13].

Previously, a mobile-based cervical cancer screening 
instrument using VIA test results was developed in 
Indonesia [19, 20]. However, the current problem is that 
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many women have not yet participated in VIA testing. 
Our previous research developed the Sinara instrument 
for self-detecting cervical cancer risk by Indonesian 
women, using an assessment form, and it is still being 
used manually [21–23]. The urgency of this research 
is to develop an application to identify cervical cancer 
risk integrated with health workers at community health 
centres as a primary health care service, thereby reaching 
women at risk. Another problem is the geographical 
location of the islands in Maluku, which results in under-
monitored screening [24]. Furthermore, the recording and 
reporting system remains manual and fragmented, which 
complicates program evaluation [25]. Therefore, this 
study aims to develop the Integrated Sinara application 
model as a database provider for women at risk of cervical 
cancer in Maluku.

Materials and Methods

This research develops an application for self-
screening or detecting cervical cancer risk in fertile 
women. Screening results will be recorded in a database 
accessible to healthcare workers and program managers 
at local community health centres and regional health 
offices. Women, as users, use the mobile application for 
screening, while healthcare workers can access the data on 
the website. Women who download the application have 
agreed, through informed consent, that their data will be 
stored in the database and used in an appropriate manner.

Study Design 
This study employed a Research and Development 

(R&D) design with the PDCA (Plan, Do, Check, Act) 
model (Jagusiak-Kocik, 2017). 1) The Plan stage involved 
identifying and formulating the cervical cancer screening 
problem in Maluku Province, conducting a literature 
review of research permits and ethics requirements, and 
analyzing user needs. 2) The Do stage involved analyzing 
functional and non-functional requirements, designing an 
application based on the needs analysis, developing the 
application according to the design plan, implementing the 
application on the Android platform, and conducting alpha 
testing using the black-box method. 3) The Check stage 
involved evaluating the alpha test results and conducting 
beta testing, including user trials. 4) The Action stage 
involved analyzing the alpha test results, revising the 
application based on the test results, and publishing the 
Integrated Sinara application on the Google Play Store.

Population and Study Setting
We collected data from 100 women of childbearing 

age with the assumption that the number of respondents 
must exceed the number of items, specifically ranging 
from 2 to 20 respondents per item, with a minimum of 
100 respondents [26]. The study was conducted in Maluku, 
Indonesia, from July to September 2025. Purposive 
sampling was used as the sampling technique. The 
inclusion criteria for respondents were married women 
aged 20-55 years, owning an Android smartphone, and 
domiciled in Maluku.

Instrument
The USE questionnaire by Lund was used to determine 

user responses regarding the effectiveness and efficiency 
of the Integrated Sinara application developed [27]. 
The instrument consisted of thirty questions covering 
four aspects: usability, ease of use, ease of learning, and 
satisfaction. Respondents had five response options, 
ranging from “strongly disagree” to “strongly agree.”

Development of the Integrated Sinara Application for 
Detecting Cervical Cancer Risk

The Integrated Sinara application was developed by 
designing an internet-based synchronisation system that 
connects the website and the mobile application. The 
design flowchart/general architecture of the application 
is shown in Figure 1.

Development of the Mobile Application
This mobile application is designed for Android 

Operating System (OS)-based devices, because the 
majority of mobile phone users in Indonesia use the 
Android OS [28]. The application was developed using 
MySQL phpMyAdmin with the following features:

1) Registration Page
The registration feature ensures each user has a unique 

account and is recorded in the system. Users register by 
providing their full name, telephone number, address, 
age, email address, password, and the name of the nearest 
health facility, ensuring secure application access and 
facilitating the tracking of individual screening histories. 
User identities are stored in the User Profile feature, which 
can be edited based on user needs (Figure 2).

2) Articles
This feature provides users with information about 

cervical cancer, including the definition, risk factors and 
early symptoms, the dangers of cervical cancer, cervical 
cancer screening, and the benefits of early detection with 
VIA and Pap smears. Articles can be updated regularly by 
the admin via a PHP-based web dashboard.

Figure 1. General Architecture of the SINARA-Integrated Application
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Figure 2. Registration Page and User Profile

Figure 3. Cervical Cancer Risk Screening Questionnaire

3) Cervical Cancer Risk Screening Questionnaire
The questionnaire serves as a self-screening tool to 

assess the risk of cervical cancer and consists of twenty-
one items. Users answer questions related to risk factors 
(personal hygiene, sexual activity, lifestyle, economic 
situation, obstetric and family planning history, medical 
history, and screening history). The system processes 
the answers using a risk scoring algorithm. Screening 
results are displayed in Low Risk and Medium-High Risk 
categories (Figure 3).

4) Health Facility Locations of Cervical Cancer Screening 
This feature provides information on the location of 

the nearest health facility that provides VIA services. The 
goal is to help users quickly and easily locate the nearest 
health facility. VIA screening facilities are currently 
available only at community health centres in the Maluku 
region (Figure 4).

5) Cervical Cancer Screening History
This feature allows users to record their VIA screening 

results. The app user inputs VIA test results at the 
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Figure 4. Location of Cervical Cancer Screening Figure 5. Cervical Cancer Screening History

Figure 6. Registration Webpage

Community Health Centre. The data is automatically 
saved in the database (phpMyAdmin) and synchronised 
to the website for healthcare workers to view. This 
feature enables users to easily track their screening 
history, facilitating healthcare workers’ monitoring of the 
continuity of the cervical cancer early detection program. 
This section provides reminders for women at low to high 
risk of cervical cancer who have not yet been screened 
through a VIA or Pap smear at a healthcare facility. The 
reminder disappears once the cervical cancer screening 
results have been entered (Figure 5).

6) About the Application
The About application feature provides information 

about the application, its purpose, policies, privacy, and 
its developer. The purpose of this feature is to provide 
transparency and increase user trust.

7) User Data Security
This application utilises user credentials, firewalls, 

and security policies to protect participant data, which 
can only be accessed by healthcare workers at community 
health centres and health offices, as well as the developer’s 
administrative account.

8) Language
Currently, the language used in the development of the 

Integrated Sinara application is Indonesian, aligning with 
the development goal of detecting cervical cancer risk in 
Indonesian women.

F. Development of the Website for the System Database
The Integrated Sinara application is synchronised 

with the website to store the application user database. 
The website can be accessed by cervical cancer program 
administrators at community health centres, health offices, 
and developer administrators. Some of the website’s 
features are as follows:

1) Registration Webpage
Healthcare workers will register on this page by 

entering their email address and password. Through 
registration, health workers can access the information 
provided by the user and take further action based on that 
information (Figure 6).

2) Dashboard
In this section, healthcare workers can view information 

about all the features of the mobile application. Healthcare 
workers can view detailed user identity information on 
the website. Healthcare workers can also view screening 
results with details of the user’s risk factors. Users is a 
feature that displays the number of website users registered 
by the developer to access the website (Figure 7).

Results

The Integrated Sinara application has been developed 
and tested in two stages: alpha testing (blackbox testing) 
and beta testing (user interface testing). Alpha testing 
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Aspect r-count* Description

Visibility of System Status (U1) 0.569 Valid

Match between system and the real world 
(U2)

0.634 Valid

User Control and Freedom (U3) 0.694 Valid

Consistency and Standard (U4) 0.77 Valid

Error Prevention (U5) 0.62 Valid

Recognition rather than recall (U6) 0.53 Valid

Flexibility and Efficiency of use (U7) 0.774 Valid

Aesthetic and minimalist design (U8) 0.847 Valid

Help User recognize, diagnose, and 
recover from errors (U9)

0.838 Valid

Help and Documentation (U10) 0.731 Valid

Interoperability (U11) 0.6 Valid

Support User Skills (U12) 0.645 Valid

Respecfull Interaction (U13) 0.732 Valid

Table 1. Results of the Integrated Sinara Application 
Validity Test

*r-table 0.195

Item Answer
Success Failed 

Suitabilty 
1 The "Register" feature allows users to create an account in the Integrated Sinara application. √
2 The "Login" button allows users to access the Integrated Sinara application dashboard. √
3 The "Article" function allows users to view related articles. √
4 The "Screening Questionnaire" feature allows users to conduct health screenings on the Integrated 

Sinara platform.
√

5 The "Screening Location" feature enables users to view the locations of health facilities that provide 
screening services.

√

6 The "Screening History" feature allows users to enter screening results at health facilities. √
7 The "About the Application" feature allows users to view the terms, policies, and conditions of the 

Integrated Sinara application.
√

8 The "User Profile" feature allows users to access the Integrated Sinara application. √
Accuracy

9 The Integrated Sinara can display the results users expect. √
Compliance

10 The Integrated Sinara has all the required features according to the design. √

Table 2. Evaluation of Functional and Usability Aspects of the Application

was conducted to ensure that the application meets the 
objectives and needs initially determined. Beta testing 
was then conducted on 100 respondents at the Community 
Health Centre in Maluku, Indonesia. The application 
validity and reliability test values were generated based 
on the results of testing the application with respondents 
(Table 1).

Table 1 illustrates that the application is valid, as 
evidenced by the results of the validity test, where the 
r-count exceeds the r-table value (r> 0.195). Reliability 
testing, using Cronbach’s alpha, yielded a result of 0.891 
(greater than 0.60), indicating reliability. Next, researchers 
utilised the International Standards Organisation (ISO) 
9126 software testing standard to evaluate the quality 
of the system/application being developed. Researchers 
tested the functionality and usability aspects to ensure 

that feature improvements were made based on the test 
results before publishing the app on the Play Store. 
Evaluation of the functionality aspect aimed to determine 
the suitability of the software’s functions to user needs 
(Table 2). The developed application features eight 
components: Application List, Login, Articles, Screening 
Questionnaire, Screening Location, Screening History, 
About the Application, and User Profile.

A usability evaluation was conducted to measure 
the application’s effectiveness and efficiency using the 
USE Questionnaire. This measurement was performed 
by calculating the observed scores against the expected 
scores. The calculated percentages were then compared 
to the test feasibility standards in Table 3.

In addition, this study also evaluated the quality 
of the application using the International Standard 
Organization (ISO) 9126 software testing standard, a 
measurement standard for assessing the quality of software 
that meets user needs. One of these is usability testing, 
which encompasses four key aspects: usefulness, ease 
of use, ease of learning, and overall satisfaction. The 
Integrated Sinara application usability test results are 
87.6% (Table 4). Based on feasibility testing standards, 
the usability test results indicate that the Integrated Sinara 
application falls into the “Very Feasible” category.

Discussion

Cervical cancer screening coverage remains low 
worldwide, necessitating strategies or programs to 
improve compliance with cervical cancer screening, 
such as e-health interventions [29, 30]. Globally, mobile 
device use has increased and become a promising 
tool for interventions related to non-communicable 
diseases in developing countries [31, 32]. Furthermore, 
Indonesia’s archipelagic geography also necessitates 
strategies to enhance healthcare services through the use 
of smartphones [33].  
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Figure 7. Dashboard of the Website

Values Rate (%) Conclusion
< 21 Very unworthy
21 – 40 Unworthy
42 – 60 Quite
61 – 80 Worthy
81 – 100 Very Worthy

Table 3. Test Feasibility Standards

Our research developed an application model that 
provides a cervical cancer risk database to increase 
cervical cancer screening coverage. The results showed 
that the Integrated Sinara application achieved validity 
with a value of greater than 0.195 and a reliability value 
of 0.891. This application had a usability score of 87.6%, 
indicating positive feedback from respondents after trying 
the application. The usability test results indicated that 
respondents acknowledged the application’s usefulness, 
ease of use, ease of learning, and satisfaction.

Previous research has developed a mobile application 
to detect cancer risk in Indonesia [34]. In that study, users 
could screen for several cancer risks, including cervical 
cancer. Furthermore, mobile applications for cervical 
cancer detection using VIA test results already exist 
(19,20). However, these applications are intended for 
self-screening.

Our research is novel in developing a self-screening 
application for cervical cancer risk that is integrated with 

community health centres and health offices. Women, 
as users of the application, will be screened for cervical 
cancer, and the data will be synchronized on a website 
accessible to program holders at community health centres 
and health offices. Data from women’s cervical cancer risk 
screening will serve as the basis for further interventions 
to increase cervical cancer screening coverage.

According to one of the roles of community health 
centres is to conduct preventive efforts through disease 
screening. Low cervical cancer screening coverage poses 
a challenge for health workers at community health 
centres, necessitating innovation in efforts to increase 
screening coverage. Health workers at community health 
centres play a crucial role in cervical cancer screening 
as a preventative measure  [35]. Healthcare workers 
must be proactive in identifying at-risk groups within 
the community [13]. Therefore, the Integrated Sinara 
application is very helpful in achieving this goal.

This study has several limitations. First, the application 
has not been tested in areas with limited internet access, 
so its effectiveness cannot be generalized across the 
entire Maluku region. Second, the application was only 
developed for the Android operating system, so not all 
women have access to it.

The Integrated Sinara application has demonstrated 
good validity, reliability, and feasibility, making it a 
potential innovation for increasing cervical cancer 
screening coverage in Indonesia. We recommend 
involving health workers through devices provided by 

No. Dimension Number of valid questions Number of valid questions Number of valid questions %
1 Usefulness 8 1,200 1,012 84.43
2 Ease of use 11 1,650 1,627 98.6
3 Ease of learning 4 600 512 85.33
4 Satisfaction 7 1,050 791 75.33
Total 30 4,500 3,942 87.6

Table 4. Application Usability Test Results
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community health centres or health offices to reach 
more women who do not have smartphones. Further 
studies should be conducted to evaluate the impact of 
the developed system and its scalability in more diverse 
settings. In addition, this application could be developed 
for iOS to expand its reach.
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