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Abstract. Delays in reporting anthropometric data from integrated health posts (Posyandu) to
community health centers (Puskesmas) remain a major challenge in Indonesia’s nutrition
surveillance system. Existing national applications, such as e-PPGBM and WHO AnthroPlus,
are limited to Puskesmas users, restricting early stunting detection at the community level. This
study aimed to develop and evaluate a toddler integrated nutrition information system (SI-
GEMBUL) as an Android-based application to improve timeliness and accuracy of data
reporting. This research employed the Analysis, Design, Development, Implementation, and
Evaluation (ADDIE) model. Stakeholders included Posyandu cadres, nutrition officers, and
system developers. The application’s functionality was validated through Black-Box Testing,
while user implementation involved 44 cadres across several Posyandu within the Halmahera
Health Center area of Semarang. The SI-GEMBUL application was successfully developed with
four core features: anthropometric data entry, automatic Z-score calculation based on WHO
standards, stunting education modules, and direct data transfer to Puskesmas. Implementation
demonstrated 100% functional validity and improved reporting timeliness from an average of
one week to less than one day. SI-GEMBUL provides an effective, community-based digital
solution to strengthen early detection of stunting.
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1. Introduction

Stunting remains a major public health concern and one of the key indicators of undernutrition
worldwide, with an estimated global prevalence of 22%. Indonesia is among the ten countries with the
highest burden of stunting [1]. Since 2018, the Indonesian government has implemented specific and
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sensitive interventions to accelerate stunting reduction [2]. At the community level, Posyandu
(Integrated Health Posts) serve as the frontline of child health services, operated by volunteer health
cadres who conduct monthly anthropometric measurements for toddlers and maternal health
monitoring. However, the reporting of anthropometric data from Posyandu to community health centers
(Puskesmas) is often delayed, and the feedback provided to caregivers remains limited to simple weight
charts recorded in the Maternal and Child Health (MCH) handbook [3]. According to WHO standards,
nutritional status is determined using Z-scores derived from weight, height, sex, and age [4]. However,
most Posyandu cadres and mothers are not familiar with these calculations, leading to delays in
identifying growth faltering and initiating early stunting prevention [5]. A preliminary survey in several
Posyandu revealed that most cadres had limited knowledge of stunting and relied on manual data entry
using paper-based registers, which were later summarized and submitted monthly to the Puskesmas [6].
Furthermore, few studies quantitatively evaluate the impact of such systems on reporting timeliness and
data accuracy in primary health settings.

Digital technology has been increasingly utilized to address health and nutrition challenges.
Numerous smartphone-based applications have been developed to support child feeding practices,
nutrition education, and parental guidance [7]. However, most of these tools focus on menu planning
or dietary tracking without specific features for stunting detection or nutritional assessment. For
example, the Children’s Diet (CADE) application in Brazil measures food intake but lacks
recommendations for nutrient adequacy or individualized dietary guidance [8], [9].

Several initiatives in Indonesia have also explored digital platforms for nutrition education and
stunting prevention. For instance, a Smart Village for nutrition counselling and stunting education was
developed in Sragen, and a mobile education application was tested in Semarang [10], [11]. However,
these applications primarily focused on educational content and did not include features for
anthropometric data reporting. Existing government applications, such as WHO AnthroPlus and e-
PPGBM, also have limitations in accessibility and usability. WHO AnthroPlus is computer-based and
presents only Z-score values without clear interpretation for non-professional users, while e-PPGBM
can be accessed only by nutrition officers at the Puskesmas or district level [12], [13]. Both systems
face challenges in data transmission speed, limited accessibility during working hours, and lack of
decision-support features for timely intervention [14], [15].

This study contributes by integrating real-time anthropometric calculation, automated Z-score
interpretation, and direct reporting into a single mobile platform evaluated through a structured
development model (ADDIE). To address these gaps, this study developed a Toddler Integrated
Nutrition Information System (SI-GEMBUL), a mobile-based application designed for Posyandu
cadres and mothers to record, analyze, and report anthropometric data in real-time. The system aims to
support early detection of stunting and facilitate faster integration with existing national nutrition
databases. This study aimed to develop and quantitatively evaluate the effectiveness of SI-GEMBUL
in improving reporting timeliness and usability among Posyandu cadres.

2. Methods

This study employed a Research and Development (R&D) design using the Analysis, Design,
Development, Implementation, and Evaluation (ADDIE) model [15] [16] to develop and evaluate SI-
GEMBUL, an Android-based nutrition information system. User needs were identified through FGDs,
followed by system design and development integrating anthropometric data entry, automated WHO
Z-score calculation, nutritional status assessment, and real-time reporting. Implementation involved 44
purposively selected Posyandu cadres in the Halmahera Health Center area, as a pilot project in the
Semarang Municipal Health Office area.
Variables and Measurement
This study evaluated the SI-GEMBUL application using three key variables: reporting timeliness,
system usability, and functional validity.
1. System usability
System usability referred to the ease of use, clarity of interface, and perceived usefulness of the SI-
GEMBUL application among users (Posyandu cadres). This variable was measured using user
feedback collected during the implementation phase. User responses were categorized into several
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dimensions adapted from technology acceptance constructs. Qualitative feedback (suggestions to
simplify data entry and improve readability) was used to complement the quantitative findings and
identify areas for system improvement.
2. Functional validity

Functional validity refers to the degree to which the system’s features operate according to
predefined specifications. This variable evaluates whether the SI-GEMBUL application performs
correctly in processing inputs and generating expected outputs. Measurement was conducted using
Black-Box Testing, which assesses system functionality based on input-output verification without
examining internal code structure. Testing included multiple scenarios representing core system
features, such as login authentication, data input (mother and toddler data), anthropometric
calculation (Z-score output), educational content access, and data export and reporting. Each test
case was evaluated by comparing the expected output with the actual system output. Results were
classified as valid (output matches expected result) or invalid (output does not match expected
result). A higher percentage indicates greater system reliability. In this study, all test cases were
classified as valid, indicating optimal functional performance of the application.

2.1 Ethical clearance

This study was conducted in accordance with ethical research standards and has been approved by the
Health Research Ethics Committee of the Faculty of Health Sciences, Universitas Dian Nuswantoro
(Ref. No. 164/EA/KEPK-Fkes-UDINUS/11/2022). All participants provided informed consent prior to
data collection.

3. Results and Discussion

3.1 Analysis

The needs analysis identified delayed reporting, duplicate data recording, and limited feedback as the
main challenges in the existing Posyandu system. FGD findings indicated that anthropometric data
required up to 7 days to reach the Puskesmas, while cadres experienced difficulties interpreting
nutritional status due to the absence of automated Z-score calculations. These findings informed the
development of SI-GEMBUL to integrate anthropometric data entry, automated analysis, and real-time
reporting.

Table 1. FGD participants, problems, and features of SI-GEMBUL

Institution n Need/problem Features in SI-GEMBUL that
overcome
Semarang Public 3 (research and Data arrives late every month Excel data recap from the
Health Office development Puskesmas
team, nutrition
officer)
Puskesmas 2 nutrition Data arrives late every month Excel data recap from the
officers Posyandu
Semarang Posyandu 1 (leader) FORPOS was capable of providing Posyandu cadres can use SI-
Forum (FORPOS) briefings but unable to provide GEMBUL for data problems
solutions to data problems and also assistance in carrying
out Posyandu
Cadres of Posyandu 3 persons Posyandu cadres are often - Cadres can input data into SI-
Rejosari overwhelmed with reporting data due GEMBUL, which will be

to the many manual reports that must
be done.

The cadres have yet to receive
feedback on the results of these
measurements because the program
holders who analyzed them were
stunting status, nutritional status, and
chronic energy deficiency to be
reported to the health office.

automatically reported to the
nutrition program holder

- Cadres receive feedback on

nutrition problems in children
in their working area

- Cadres have a recap of data

files, so if there is an
institution that needs the data,
cadres only need to submit it
without having to record it
manually again

Posyandu cadres are responsible for the Puskesmas and the population control service for reporting
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family planning (KB) program data. The conventional Posyandu system required cadres to record data
during service activities and prepare separate monthly reports for the Puskesmas, resulting in duplicate
recording and reporting delays.

3.2 Design

Based on the identified needs, the SI-GEMBUL system was designed as an Android-based application
integrating anthropometric data entry, automated WHO Z-score calculation, and real-time integration
with the Puskesmas dashboard. The system included three user roles: Posyandu cadres, mothers of
toddlers, and nutrition officers, with workflows covering authentication, data entry, automated
nutritional assessment, and reporting. Detailed UML and activity diagrams are provided in the
supplementary file.

3.3 Development

The development phase successfully translated the system design into a functional Android-based
application. The SI-GEMBUL interface was developed to support end users, particularly Posyandu
cadres and mothers of toddlers, through a simplified and user-friendly layout. Figure 1 illustrates the
main interface and core features of the application.

Figure 1. User Interface of SI-GEMBUL

The application consists of four primary features: (1) data input for mothers and toddlers, (2) stunting
calculation, (3) educational materials, and (4) examination results. Users are required to register using
an active email account before accessing the system, ensuring secure data management and user
identification. The stunting calculation feature enables users to input key anthropometric variables,
including body weight, height or length, mid-upper arm circumference, head circumference, date of
birth, date of measurement, sex, and breastfeeding status. The system automatically calculates the Z-
score based on WHO Child Growth Standards and presents the child’s nutritional status along with
tailored feedback. The automated process allows immediate classification and supports early
identification of stunting [20]. In addition to Height/Length for Age (HAZ/LAZ), the system also
calculates Weight for Age (WAZ) indicators to provide a more comprehensive assessment of child
nutritional status. The integration of these indicators enables users to distinguish between underweight,
stunting, and normal growth conditions. The educational feature provides accessible information on the
causes, consequences, and prevention of stunting. This feature supports cadres in delivering nutrition
counselling and includes recommendations for follow-up actions, such as referral to nutrition officers
when abnormal growth is detected. Overall, the development phase resulted in an integrated application
that combines data entry, automated nutritional assessment, and educational support within a single
platform, enhancing both functionality and usability in community-based health services.

3.4 Implementation

Following a structured training session, cadres applied the SI-GEMBUL application during routine
Posyandu activities to record and process anthropometric data. The input data consisted of maternal and
toddler information collected during regular Posyandu sessions. The system generated outputs in the
form of anthropometric indicators, including HAZ, WAZ, and WHZ. For example, a HAZ value of -
3.56 SD indicates severe stunting. These outputs provide actionable information that supports cadres
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and mothers in determining appropriate follow-up interventions. The implementation of SI-GEMBUL
significantly improved reporting timeliness. Under the previous manual system, data reporting required
approximately 7 days, whereas with SI-GEMBUL, reporting time was reduced to less than 1 day,
representing an estimated >85% reduction in reporting delay. This improvement demonstrates the
system’s effectiveness in accelerating data flow from Posyandu to Puskesmas. All data entered through
the application are automatically compiled into a centralized dashboard managed by Puskesmas
nutrition officers. The dashboard enables real-time access to anthropometric data, eliminating the need
for manual data re-entry and improving data accuracy and accessibility across administrative levels.
Figure 2 illustrates the dashboard interface used by administrators to monitor and manage SI-GEMBUL
data. Previously, nutrition officers were required to manually re-enter data from paper-based registers
into Excel. With SI-GEMBUL, data from each Posyandu can now be accessed and monitored directly
through the system, enhancing efficiency and reducing potential data entry errors.

Figure 2 presents the system’s administrative interface. A total of 37 Puskesmas in Semarang City
have been integrated into the SI-GEMBUL system (Figure 2A). When a specific health center is
selected, the system automatically displays data corresponding to Posyandu within its service area.
Figure 2B shows the Posyandu-level data, which can be dynamically added or modified based on
stakeholder needs. In addition, the application includes an educational feature that provides information
on stunting definition, prevention, and management, as well as recommended nutrition practices. This
feature supports cadres in delivering counseling, although access is limited to viewing without content
modification. Overall, the implementation demonstrates that SI-GEMBUL not only facilitates real-time
anthropometric assessment but also strengthens data integration and decision-making processes at the
primary healthcare level.

02604028-05



3.5 Functional Validity and Usability

As part of the evaluation stage within the ADDIE framework, the performance of the SI-GEMBUL
application was assessed through functional validity testing and usability evaluation. These assessments
aim to ensure that the system operates according to its design specifications and is acceptable for end
users in real-world settings. Functional validity testing of the SI-GEMBUL application was conducted
using Black-Box Testing, and the results are in the supplementary file. A total of 17 scenarios,
including login authentication, data input, anthropometric calculation, and reporting features, were
evaluated. All test cases were classified as valid (100%), indicating that system functions operated
according to their intended design without technical errors.

During the login testing phase, no system failures were identified. However, at the beginning of the
implementation workshop, several Posyandu cadres encountered difficulties due to the absence of active
email accounts, which temporarily hindered the registration process. This issue was resolved during the
training session and did not affect overall system functionality. Further testing on application features
(Supplementary file) confirmed that all core functionalities, including data entry, stunting calculation,
educational access, and report generation, performed as expected. These results demonstrate a high level
of functional reliability of the SI-GEMBUL system. In addition to functional testing, usability evaluation
was conducted through user feedback collected during the implementation workshop. Overall, cadres
reported that the application was easy to use, clear, and relevant to their daily tasks. Minor suggestions
included simplifying data entry steps and improving text readability on smaller screens. Quantitatively,
user acceptance based on UTAUT2 constructs showed positive responses, including 83.3% for effort
expectancy, 75% for behavioral intention to use, 66.7% for hedonic motivation, and 58.3% for
performance expectancy. These findings indicate that SI-GEMBUL is not only functionally reliable but
also acceptable and usable for community-based users.

The results of functional validity and usability evaluation confirm that SI-GEMBUL meets both
technical and user-centered requirements identified during the analysis phase. This supports its
feasibility for implementation in routine Posyandu activities and its potential to enhance digital
transformation in primary healthcare services.

The findings of this study demonstrate that SI-GEMBUL effectively addresses key challenges in the
conventional Posyandu reporting system, particularly delays in anthropometric data reporting, limited
data accessibility, and lack of analytical support. The significant reduction in reporting time (=85%)
indicates a substantial improvement in efficiency, supporting faster decision-making in community-
based nutrition surveillance. These findings are consistent with previous studies highlighting the role of
digital health applications in improving data management and service delivery in primary healthcare
settings [3]. However, unlike prior applications that primarily focus on dietary assessment or educational
content [8], [9], SI-GEMBUL integrates real-time data entry, automated Z-score analysis, and direct
reporting to health facilities. This integrated approach strengthens its contribution to community-level
nutrition monitoring.

The results of functional validity testing showed that all system features operated as intended (100%
valid), indicating that SI-GEMBUL meets its technical design specifications. In addition, usability
evaluation demonstrated positive user acceptance, which aligns with previous findings using the
UTAUT2 model, where the majority of cadres expressed favorable perceptions of system usefulness
and ease of use [21]. Similar evaluations have also been applied in digital health and mobile application
studies, including food-related applications [22], confirming that user acceptance is a critical factor in
system sustainability. From a public health perspective, SI-GEMBUL supports early detection of
stunting through automated anthropometric analysis. Early detection is essential, particularly during the
first 1000 days of life, which is a critical period for preventing long-term growth and developmental
impairments [23]. Unlike predictive models used in other studies [24], SI-GEMBUL provides direct and
immediate classification based on WHO growth standards, enabling timely identification and
intervention.

The importance of early detection is further supported by longitudinal evidence showing that
untreated stunting can lead to persistent growth deficits, reduced cognitive performance, and long-term

02604028-06



health consequences [25], [26]. In Indonesia, where Posyandu cadres play a central role in community-
based health services, strengthening their capacity through digital tools is essential, especially
considering their voluntary status and limited technical training [27]. SI-GEMBUL also offers practical
advantages by providing real-time feedback based on anthropometric measurements, allowing cadres
and caregivers to take appropriate follow-up actions. The simplicity of the system design is a key factor
supporting its usability and sustainability, as users tend to prefer applications that are efficient and easy
to operate [28].

However, this study has limitations. The implementation was conducted in a single health center area
with a relatively small sample size, which may limit the generalizability of the findings. In addition, the
system is currently limited to the Android platform and supports only one language. Future development
should consider web-based integration and multi-language support to expand accessibility. Future
research is recommended to evaluate large-scale implementation, integration with national health
information systems, and the long-term impact of SI-GEMBUL on stunting reduction outcomes.

4. Conclusion

This study developed and evaluated the SI-GEMBUL application using the ADDIE model to improve
anthropometric data reporting at the community level. The findings demonstrate that SI-GEMBUL
effectively addresses delays in reporting from Posyandu to Puskesmas by enabling real-time data entry
and automated nutritional status analysis. Implementation results showed a substantial improvement in
reporting timeliness (>85% reduction), while functional testing confirmed that all system features
operated reliably (100% valid). In addition, usability evaluation indicated positive user acceptance
among Posyandu cadres.

Overall, SI-GEMBUL provides a feasible and effective digital solution for integrating
anthropometric data reporting and supporting early detection of stunting. The system has strong
potential for broader implementation to strengthen community-based nutrition surveillance and
decision-making.
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