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INTRODUCTION  

Dengue hemorrhagic fever (DHF) is a tropical disease that poses a global health 

challenge and remains endemic in many countries, including Indonesia. It  is caused by the 

dengue virus, transmitted through the bites of Aedes aegypti and Aedes albopictus mosquitoes 

(World Health Organization, 2025). According to the WHO, dengue incidence continues to 

rise across tropical regions, with Southeast Asia bearing a particularly heavy disease burden 

(EClinicalMedicine, 2024; Lancet, 2024; World Health Organization, 2025). In Indonesia, 

DHF remains one of the leading causes of morbidity and mortality from infectious diseases, 
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Abstract 

 

Dengue fever remains a major public health concern in  Indonesia, particularly in tropical 

regions such as North Sumatra, where Deli Serdang Regency reports persistently high case 

numbers. Conventional larva surveillance and the 1 House 1 Larva-Monitor movement 

(G1R1J) still rely on manual, paper-based reporting that is slow, poorly documented, and 

difficult to coordinate in real time. The initial BETAPA ANTIK 1.0 application supported 

larva-survey reporting but lacked educational video content and adult mosquito 

identification tools, limiting its utility for community education and vector surveillance. This 

study aims to develop and functionally test BETAPA ANTIK 2.0 (Based on Larvae 

Surveillance and Analysis Technology), an Android-based mobile application, incorporating 

GPS-based location tracking, digital case reporting, multimedia public education, and an 

adult-mosquito identification camera. A design-and-development (Research and 

Development) approach was employed, following the Waterfall software-development life 

cycle: requirements analysis, system design, implementation, testing, and maintenance. The 

application was built on the Android platform using Kotlin/Java, and functional verification 

was conducted through black-box testing of each feature. BETAPA ANTIK 2.0 provides five 

core modules: GPS enabled geotagging, a digital reporting workflow integrated with 

WhatsApp and Gmail, video and poster-based educational media, and an adult-mosquito 

identification camera covering 23 species. All functional (black-box) test cases performed 

according to specifications, with the only limitation being dependence on a stable internet 

connection. Usability, user acceptance, and the accuracy of mosquito-identification were not 

formally evaluated and are identified as priorities for future studies. BETAPA ANTIK 2.0 

was successfully developed and passed functional (black-box) testing, representing a 

promising digital tool to support participatory dengue surveillance and reporting. However, 

its effectiveness in dengue control requires further filed implementation and usability 

evaluation. Recommended next steps include developing an offline mode, risk-zone 

notifications, and integration with existing health information systems. 
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with incidence rates increasing annually, and  the cases now reported in all provinces (Dinas 

Kesehatan Provinsi Sumatera Utara, 2024; Mamenun et al., 2024). 

The rise in dengue fever cases is driven by several factors, including climate change, 

which affects vector behavior and geographic distribution, rapid urbanization, and inadequate 

environmental sanitation (Lancet, 2024; Mamenun et al., 2024; Salim et al., 2024). In North 

Sumatra, particularly Deli Serdang Regency, dengue fever poses a significant burden due to 

high  humidity and population density, which facilitate mosquito breeding and the formation 

of case clusters (Dinas Kesehatan Provinsi Sumatera Utara, 2024; Faridah et al., 2021; Sinaga 

et al., 2023). 

According to the North Sumatra Provincial Health Office, the province recorded 4,452 

dengue fever cases in 2023, corresponding to an incidence rate (IR) of 29.5 per 100,000 

population and a case fatality rate (CFR) of 0.47% (21 deaths). This represented a decline from 

8,541 cases (IR 56.5 per 100,000; CFR 0.7%) in 2022. Within the province, Deli Serdang 

Regency reported 665 cases in 2023—the second-highest number after Medan City. The case 

burden in Deli Serdang has remained high for several years, rising from 997 cases (incidence 

rate of 46.3 per 100,000) in 2019 to 1,326 cases in 2020. This persistently high burden, 

combined with humid conditions and densely populated settlements, was the basis for selecting 

Deli Serdang as the focus of this study (Dinas Kesehatan Provinsi Sumatera Utara, 2024) 

Mosquito breeding site elimination (PSN) and the “1 House, 1 Larva Monitor” (G1R1J) 

campaign are national dengue control strategies that rely heavily on active community 

participation,  as well as the knowledge, attitudes, and practices of households and volunteers 

(Gregorio et al., 2024; Nanda et al., 2023). However, traditional paper-based approaches to 

larval monitoring and case reporting often face challenges such as incomplete documentation 

and delayed responses due to their manual nature. Information technology innovations, 

particularly mobile applications, therefore represent a promising approach improving the 

effectiveness and efficiency of vector surveillance and early case reporting. 

Smartphone applications that integrate location services and multimedia can facilitate 

real-time reporting, provide public education, and support interactive identification of adult 

mosquito species (Dane et al., 2021; Melo et al., 2024). As a rapidly evolving open platform, 

Android offers significant opportunities to develop health apps that are easily accessible to both 

field workers and the general public (Moungui et al., 2024). By combining GPS, cameras, and 

messaging services, mobile apps can enhance community participation while accelerating 

health workers’ response efforts (Perdani et al., 2021). 
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Although mobile tools are available, dengue fever monitoring in Indonesia still relies 

heavily on manual reporting. Existing digital tools are primarily  district-level  Geographic 

Information System (GIS) dashboards and larval density reporting systems operated by health 

departments, for example, integrated environmental monitoring apps for the continuous 

reporting of case and larval data (Salim et al., 2024). Tools designed for residents that sustain 

community participation and link reports directly to health center remain scarce. 

Internationally, integrated apps such as Mozzify in the Philippines combine real-time case 

reporting and mapping with in-app educational videos and symptom checkers  (Dane et al., 

2021), while deep-learning-based image classification has been used to identify Aedes species 

from photos to support community-based vector control (Nolte et al., 2024). However, few 

tools combine geotagged citizen reporting, multimedia education, and adult mosquito 

identification within a single, locally adapted interface. 

Version 1.0 of BETAPA ANTIK supported larval survey reporting but has two major 

limitations: it lacked educational video content and didnot include a feature for identifying 

adult mosquitoes (Damanik et al., 2025). These shortcomings reduced its value as a tool for 

public education and vector identification. To address these gaps, version 2.0 was developed   

with additional features, including GPS-based geotagging, a structured digital reporting 

workflow, educational videos and posters, and a camera for adult mosquito identification. The 

development and implementation plan for this app was guided by the Technology Acceptance 

Model (TAM), which posits usefulness and perceived ease of use predict user acceptance 

(Mahotra et al., 2024), as well as the World Health Organization’s (WHO) Global Digital 

Health Strategy 2020–2025, which emphasizes participatory mobile tools to strengthen 

surveillance and community engagement (World Health Organization, 2021) 

The objective of this study was to develop BETAPA ANTIK version 2.0 and to verify, 

through functional testing, that its new features operate as designed, thereby enabling 

subsequent evaluation of its usability and effectiveness in supporting community-based dengue 

surveillance and reporting. 

METHODS 

Study design 

This study was a design-and-development project, also referred to as Research and 

Development (R&D), aimed at producing and functionally testing a software product. The 

development process followed the Waterfall software-development life cycle, comprising five 

sequential stages: requirements analysis, system design, implementation (coding), testing, and 
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maintenance. Within the design stage, iterative refinement of the user interface was conducted 

with prospective users; this refinement was considered part of the Waterfall design stage and 

was not presented as a separate overall methodology. 

Development environment 

The application was developed for the Android platform using the Kotlin/Java 

programming languages, with a client–server architecture and a database to store user profiles, 

reports (questionnaires), and location data. 

Participants and needs assessment 

During the requirements-analysis stage, user needs were identified through interviews 

with prospective users, community members, Jumantik/G1R1J coordinators, and health-center 

staff, alongside a literature review, in order to define the expected application features. An 

early prototype was then presented to prospective users for evaluation, and their feedback was 

used to refine the user interface during the design stage. Because the present work was a 

development-and-functional-testing study, no formal participant sampling for a usability trial 

was undertaken at this stage. A structured usability and acceptance evaluation with a defined 

participant sample is planned as a separate follow-up study (see Usability and acceptance 

evaluation, and Limitations). 

Functional testing 

Each implemented feature was verified using black-box testing, which evaluates 

whether a function produces the expected output for a given input without examining the 

internal code. Test cases included the reporting workflow, GPS/location capture, photo upload, 

educational-content playback, the mosquito-identification camera, and the login system 

distinguishing admin and public access. A feature was recorded as “pass” when it performed 

according to its functional specification and “fail” when it did not, in which case the defect was 

logged and corrected. Results are presented in Table 1, together with the outcomes for each 

core module and any limitations observed. 

Usability and acceptance evaluation 

Usability, user acceptance, and real-world effectiveness were beyond the scope of this 

development-and-functional-testing study; these aspects are identified as priorities for a 

dedicated follow-up evaluation using validated instruments such as the System Usability Scale 

(SUS) or a TAM-based questionnaire (see Limitations and Conclusion). 

Data analysis 

Functional test outcomes were summarized descriptively as pass/fail per module and 

tabulated using Microsoft Excel. No inferential statistical analysis was required for this 
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development-and-functional-testing study. In future work, where usability data are collected 

SUS scores will be summarized using descriptive statistics and interpreted against established 

SUS benchmarks, while any qualitative interview data will be analyzed thematically. 

Ethical considerations 

Ethical approval for this study was granted by the Health Research Ethics Committee 

(Komisi Etik Penelitian Kesehatan) of the Health Polytechnic, Ministry of Health, Medan 

(Poltekkes Kemenkes Medan), under approval number 01.1737/KEPK/POLTEKKES 

KEMENKES MEDAN/2023, dated 28 April 2023. Informed consent was obtained from all 

participants — represented by household members/respondents — prior data collection. 

Because the application captures GPS coordinates and household addresses and routes reports 

through WhatsApp and Gmail, personal and location data were managed to ensure that reports 

were directed only to the authorized G1R1J coordinator at each health office. 

RESULT 

This section presents the features introduced in BETAPA ANTIK version 2.0 and the 

results of functional testing. Interpretation and comparison with other systems are provided 

separately in the Discussion. 

Location tracking (GPS camera) 

The location module collects and records the sites of reported dengue cases and 

potential breeding grounds. It is accessed through the health-center page, which lists 26 health-

center locations, each linked to a questionnaire equipped with a GPS-enabled camera. For each 

entry, the application records the marked address, GPS coordinates (latitude and longitude), 

and the date and time of collection, thereby providing geotagged, time-stamped data.  

      

Figures 1. Location Tracking 

Digital reporting 

The reporting module enables community members and health workers to report dengue 

symptoms or confirmed cases in their surroundings. Reports are transmitted via WhatsApp and 
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Gmail to the designated G1R1J coordinator at each health office and may include uploaded 

photographic evidence of environmental conditions (e.g. standing water, water reservoirs, and 

waste sites) along with the time symptoms first appeared. This process creates a rapid, digitally 

documented reporting trail.  

    

Figures 2. Digital Reporting 

Education: posters and video 

The education module enhances public knowledge and engagement in dengue prevention. 

Posters provide easily readable information on the mosquito life cycle and mosquito-breeding 

site eradication (PSN), featuring an updated, more attractive design and an interactive “story 

circle” layout that describes mosquito types and characteristics. Unlike version 1.0, version 2.0 

includes an educational video feature (Tanjung et al., 2025) designed to deliver prevention 

messages through memorable visuals and to motivate community participation in PSN.  

 

Figure 3. Education 
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Figures 4. Poster 

   

Figures 5. Video 

Adult-mosquito identification camera 

Absent in version 1.0, the identification camera is a key new feature in version 2.0. Users point 

the device camera at a mosquito to capture an image; after which the application identifies the 

mosquito species. This feature is designed to distinguish dengue vectors from non-vectors and 

references a database of 23 mosquito species (e.g. Aedes aegypti, Aedes albopictus, Culex 

quinquefasciatus, Anopheles spp., Mansonia spp.).  

 

 

 

 

 

 

 

 

Figures 6. Identification Camera 

The feature operates by capturing an image of a mosquito with the device camera and 

generating a candidate identification by referencing a curated library of 23 species compiled 

from the national mosquito and larva identification handbook (Kementerian Kesehatan 
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Republik Indonesia, 2019). Its accuracy against identifications made by a qualified 

entomologist has not yet been evaluated; therefore, the feature is described as designed to 

identify mosquito species rather than as a validated classifier, with formal validation identified 

as future work. For context, smartphone-based deep-learning classifiers of mosquitoes from 

body images have reported accuracies of approximately 79–93% (Nolte et al., 2024), providing 

a realistic benchmark for the planned validation. 

Functional (black-box) testing results 

Table 1 summarizes the functional testing of each core module. 

Table 1. Results of black-box functional testing of the core modules. 

Module / Test case Expected result Actual result 
Pass / 

Fail 

GPS camera captures 

coordinates + time 

Address, lat/long, 

date/time saved 

Address, coordinates, and 

timestamp recorded as expected 
Pass 

Report sent via 

WhatsApp/Gmail 

Report delivered to 

G1R1J coordinator 

Report delivered; coordinator 

notified without error 
Pass 

Photo upload with report 
Image attached and 

stored 

Image attached and stored with 

the report 
Pass 

Educational video playback 
Video plays without 

error 

Video and poster content 

played/displayed correctly 
Pass 

Mosquito identification 

camera 
Returns mosquito type 

Captured image and returned a 

mosquito-type result 
Pass 

Login (admin vs public) 
Correct access level 

granted 

Correct access level granted for 

admin and guest 
Pass 

All six core functional test cases behaved according to their specifications during 

testing, and no functional defect was left unresolved. The only limitation noted during testing 

was the application's dependence on a stable internet connection, because photo upload, 

survey-data capture, and educational-content access all require connectivity; this limitation is 

discussed below. 

DISCUSSION  

BETAPA ANTIK version 2.0 was developed to address specific gaps in version 1.0 by 

incorporating geotagged reporting, multimedia education, and an adult-mosquito identification 

camera. Functional testing confirmed that these features operate as intended. The following 

discussion interprets these results in the context of public health practice and existing tools. 

Several mobile tools have been proposed for community-based vector surveillance, and 

BETAPA ANTIK 2.0 can be compared with them feature by feature. Mozzify, an integrated 

mHealth app from the Philippines, offers real-time case reporting and mapping alongside in-
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app educational videos and an interactive symptom checker, but it does not provide adult-

mosquito identification (Dane et al., 2021). The NepaDengue application improved dengue 

awareness and reported high acceptability using the Technology Acceptance Model, yet it 

emphasizes education and behaviour change rather than geotagged reporting or vector 

identification (Mahotra et al., 2024). Conversely, deep-learning image classifiers can identify 

Aedes species from photographs to support community vector control, but they lack case-

reporting and education workflows (Akib et al., 2024; Nolte et al., 2024; Ong et al., 2021; Pise 

& Patil, 2023; Sauer et al., 2024). More broadly, geographic information systems, machine 

learning, and mobile applications are the digital tools most frequently deployed for dengue and 

arbovirus surveillance, and they are increasingly integrated within single programs (Faridah et 

al., 2021; Francisco et al., 2024; Leung et al., 2023; Mamenun et al., 2024; Melo et al., 2024; 

Salim et al., 2024; Sebastianelli et al., 2024). Within this landscape, BETAPA ANTIK 2.0 

combines geotagged reporting, public education, and mosquito identification in a single, 

locally tailored interface, potentially lowering barriers to sustained community participation. 

If adopted, real-time geotagged reporting could enable health-center staff to locate 

clusters and prioritize interventions more rapidly than paper-based G1R1J reporting. 

Multimedia education could support knowledge acquisition and behaviour change in the 

community (Gregorio et al., 2024); while an identification camera covering 23 species could, 

in principle, shift surveillance from a single-disease (dengue) focus toward integrated vector 

management, since species such as Culex, Anopheles, and Mansonia transmit other diseases 

(e.g. filariasis, malaria). These implications are stated conditionally because effectiveness has 

not yet been measured. 

With further development, BETAPA ANTIK could be integrated with existing systems 

such as the Community Health Centre Information System (SIMPUS), the District Health 

Office dengue surveillance system, and endemic-zone dashboards. Such integration could 

reduce manual administrative burdens, accelerate response times, and improve the accuracy of 

epidemiological data, while also informing fogging-focus decisions, field-visit scheduling, and 

evaluation of the G1R1J movement. This integration is proposed as future work and has not 

yet been implemented. 

This study has several limitations. First, evaluation was restricted to functional (black-

box) testing; usability, user acceptance, and real-world effectiveness for dengue control were 

not assessed. Second, the application depends on a stable internet connection: core functions 

such as photo upload, survey data capture, and access to educational-content all require 

connectivity, which may exclude users in low-connectivity rural areas and contribute to under-
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reporting in vulnerable communities. Third, the accuracy of the mosquito-identification camera 

has not yet been validated against expert entomologist identification. Fourth, field validation 

and integration with official surveillance systems remain outstanding. Additional potential 

limitations include reporting bias and unequal smartphone access. 

CONCLUSION 

This study successfully developed BETAPA ANTIK version 2.0 using the Waterfall 

software-development life cycle and verified, through black-box testing, that its core features; 

GPS-based location tracking, digital reporting via WhatsApp and Gmail, video and poster 

education, an adult-mosquito identification camera, and a login system separating admin and 

public access; operate as designed. The application represents a promising digital tool for 

participatory dengue surveillance and reporting and a clear advance over version 1.0. 

However, this study demonstrates successful development and functional testing rather 

than proven effectiveness. The application's usability, user acceptance, and impact on dengue 

surveillance and control have not yet been evaluated and should be the focus of a dedicated 

field-implementation study. Future development should include an offline mode (e.g., local 

database syncing or progressive-web-app caching), risk-zone notifications, validation of the 

identification camera against expert entomologists, and integration with official systems such 

as SIMPUS. These efforts must be supported by a clear plan for data ownership, maintenance, 

and security to ensure a smooth transition from a university prototype to a Ministry of Health 

digital asset. 
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