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Abstract

The management of public health data at the district level still faces significant
challenges, including manual reporting processes, data redundancy, and delayed
information aggregation. These issues are also observed in the North Lampung
District Health Office, where monthly health reports are still processed using
fragmented and unintegrated systems. This study aims to design and implement a
web-based monthly health reporting information system to improve data accuracy,
integration, and reporting efficiency. The system was developed using the Rapid
Application Development (RAD) method, which emphasizes iterative development
and active user involvement. The system integrates health center data, disease
classification (ICD-10), and LB1 morbidity reporting into a centralized platform
equipped with real-time dashboards. Software evaluation was conducted using
black-box testing and white-box testing, including cyclomatic complexity and code
coverage analysis. The results indicate that all functional modules operate correctly,
with code coverage exceeding 87% across all components. The system successfully
reduces reporting time, improves data consistency, and enhances decision-making
support for health authorities. Therefore, the proposed system provides an effective

and reliable solution for digital transformation in regional health reporting systems.
Keywords: Health Information Systems, Monthly Reporting, Rapid Application
Development (RAD), Web-Based Application

1. Introduction

Public health services represent a fundamental component of regional

development, requiring accurate, timely, and reliable data to support evidence-
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based decision-making [1], [2]. At the district level, Health Offices are responsible
for collecting, processing, and analyzing health reports from multiple service units,
including Community Health Centers (Puskesmas) [3]. However, in many
developing regions, including North Lampung District, health reporting systems are
still dominated by manual procedures or semi-digital tools that are not fully
integrated [4]. This condition creates several operational challenges, particularly in
terms of data inconsistency, delayed reporting cycles, and limited real-time access to
health information. In addition, fragmented reporting mechanisms increase the risk
of human error during data aggregation, which may negatively affect the accuracy
of health policy formulation at the district level [5] by stakeholders regarding urgent
public health issues.

To address these challenges, a digital transformation is required through the
implementation of a centralized web-based health information system. Web-based
systems offer high accessibility and enable distributed data input from multiple
health service units into a single integrated database[[6], [7]. This approach also
supports paperless administration and improves data visualization through
interactive dashboards for decision support.

Previous studies have developed various web-based health information
systems; however, most of them remain limited to basic data digitization and simple
reporting dashboards. These systems often lack structured validation mechanisms
at the data entry level, which may still allow inconsistent or invalid data to enter the
system [8]. In contrast, this study proposes a more advanced approach by
implementing a multi-level data validation mechanism at the Puskesmas input stage
before data is stored in the central database. This mechanism ensures that all
submitted data complies with predefined structural and logical rules, thereby
reducing redundancy and improving data quality at the source.

Furthermore, this research integrates a consolidated database structure
capable of managing long-term historical health data, enabling trend analysis and
improving the responsiveness of health authorities. The system also incorporates
structured evaluation methods, including black-box testing and white-box testing,
to ensure both functional correctness and internal logic reliability.

To support rapid and adaptive system development, this study employs the
Rapid Application Development (RAD) method. RAD emphasizes iterative
development and continuous user involvement, allowing system requirements to be
refined through direct feedback from end users during the design phase [9], This
approach ensures that the final system is aligned with operational needs and
administrative regulations in the health sector. Overall, this study aims to develop a

web-based monthly health reporting information system that not only digitizes
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reporting processes but also strengthens data integrity, system reliability, and

decision-making capability within regional health management.

2. Methods

Rapid Application Development (RAD) is a software development method
derived from the waterfall model that focuses on fast delivery and flexibility. RAD

uses shorter, adaptive development stages, allowing user requirements to be

implemented more quickly and efficiently [10].

Requirements
planning

Figure 1. RAD method

Based on the Rapid Application Development (RAD) workflow shown in the
Figure 1, the following is an explanation of each research stage at the North
Lampung District Health Office:

Requirements Planning

In this initial stage, the researcher identifies problems in the current health
reporting system in North Lampung District by defining system goals, scope, and
functional requirements. Discussions are conducted with health office staff to align
system needs and ensure all key administrative data is properly mapped from the
beginning
User Design

This phase involves collaboration between the researcher and health office
staff to iteratively design the system. It includes developing interface prototypes,
user testing, and continuous refinement based on feedback until the database
structure and system design are finalized. This process ensures the system is user-
friendly and easy to operate without complex training.

Implementation

The final phase involves implementing the approved design into fully
functional program code. The system is then deployed on a web server and
integrated with the health reporting database. After successful final testing,

including black-box testing, white-box testing, Cyclomatic complexity, Code
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coverage it replaces the manual reporting process at the North Lampung District

Health Office, enabling a more efficient and structured digital system.

3.Results and Discussion

The implementation of this web-based information system streamlines
organizational workflows by replacing manual, decentralized data entry with a
centralized digital process. This shift removes inefficiencies such as manual data
transfer and repeated validation, enabling faster data consolidation. As a result,
decision-makers gain real-time access to validated data and dashboard analytics,
which supports more accurate and timely strategic decisions while reducing human

error.
3.1 UML System Modeling
Unified Modeling Language (UML) is a standardized visual modeling tool

used in object-oriented software development. It helps represent system design
through clear diagrams, making the design process easier to understand. UML
includes several diagram types, such as Use Case, Activity, Sequence, Class, and
Deployment diagrams, to describe both system structure and behavior

comprehensively [11].
3.1.1 Use Case

A Use Case diagram visually represents system functionality by showing the
interaction between external actors and internal system features, as shown in Figure
2. It helps developers map how users interact with the system to achieve specific

goals in a structured way [12].

Manage Generallliness Data

Department

Admin
Manage Pain Data Based on Symptoms, Causes of
Disease, or Patient Conditions

C liness Reports Based on Symptoms, Cnu:c:
of Disease or Patient Condition
e ————

—— Manage Death Data
Dental and Oral Pain

—
Death Data Report at

—_
Report of the 10 Most
Pains

Monthly Pain Report

Figure 2. Use Case
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The Use Case Diagram illustrates the functional flow of the health information
system involving two main actors: the Health Office Admin and the Community
Health Center Admin, both accessing the system through a login gateway. The
Puskesmas Admin is responsible for managing operational health data, including
morbidity, symptom-based cases, dental and oral health, and mortality data at the
primary care level. Meanwhile, the Health Office Admin handles higher-level
administrative functions such as user management, health center data, disease
classification, and access to analytical reports, including monthly morbidity
summaries and the top 10 diseases. This separation of roles enables structured data
synchronization between health centers and the district health office, improving data

accuracy, consistency, and decision-making efficiency.
3.1.2 Activity Diagram

Activity diagrams (in Figure 3) is defined as a visual representation that maps
the workflow or sequence of operational activities within a system under

development [13].

= department admin System Database

Validate login data

Getaccount data

4

Login >

Select the manage

list of disease

types menu

« Dashboard

Displays a list of
P discase types

) —

Manage the list of

disease types

—

Save changes r

. Update disease type
to the list of ){ paa data ¥

disease types

o Saved data notification
)

A 4

Figure 3. Disease Category Management

The Activity Diagram illustrates the workflow for managing disease type data,
starting with authentication by the Health Office Admin. After successful login and
system validation, the user is directed to the dashboard and selects the disease

management menu. The system then displays the available disease records, allowing
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the admin to update or modify data as needed. All changes are saved to the database,
and the process ends with a confirmation message indicating successful data storage,
ensuring a transparent and controlled workflow.
3.1.3 Activity Diagram

A sequence diagram (in Figure 4) is defined as a visual representation that
maps interaction patterns and the chronology of message exchanges between objects

within a system [14].

Manage List of Community Haakh Centers

2 Enter username and password

;I't [Login data validation successful]
¥

Validate login data

= Displays the dashboard

1
1
]
1
1
]
1
]
Select the manage health center list menu
ﬂ Get data list of health centers ol
I
I
I
I
I

I
I
_____ Health center listdata _ _ _ _ _
Displays a list of health centers H

Manage health center list data (add/change/delete)

Saving changes to the health center list data*j]
=g

Confirm changes
I'r -----------

.-_---.?--------

Figure 4. Manage Puskesmas Directory

The Sequence Diagram illustrates the interaction between the Health Office
Admin, the system, and the database in managing the health center list. The process
begins with user authentication using a username and password, which is validated
by the system through the database. After successful login, the dashboard is
displayed and the admin selects the “Manage Health Center List” menu. The system
retrieves the relevant data from the database and displays it to the user. The admin

can then add, update, or delete health center information, which is processed by the
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system and stored back into the database. The process ends with a confirmation

message indicating that all changes have been successfully saved.

3.1.4 Database

A sequence diagram (in Figure 5) is defined as a visual representation that

maps interaction patterns and the chronology of message exchanges between objects

within a system [14].
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Figure 5. Database

The health information system is built using a relational database architecture
that integrates operational data from Community Health Centers (Puskesmas) with
structured morbidity and mortality reporting. The database includes master tables
such as health centers, diseases, and age groups, along with transaction tables for
general morbidity, symptom-based cases, dental and oral health, and mortality data.

Data relationships are maintained using foreign keys such as kode_puskesmas and

kode_penyakit to ensure data integrity, while the admin table manages access
129
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control and tracks data changes through the created_by field. This normalized
structure enables efficient and accurate health data reporting based on time periods

and service locations.
3.2 Implementation

To validate the effectiveness of the developed system, this study defines
measurable key performance indicators (KPIs) across operational, user, and
technical aspects. Operationally, the system reduces reporting time significantly,
shortening the monthly consolidation process from 3-5 days to real-time processing
upon data submission. This improvement increases efficiency and reduces manual
data entry by around 80%, minimizing human errors. From a technical perspective,
system performance shows stable behavior, with page load and database response
times averaging below 2 seconds per request.

a. Dashboard Interface

o Adr I
Selamat Datang di Dashboard
XeLoLA LaoRAN LAPORAN BULANAN KESEHATAN
(] F-11-Kesakitan Umum DINAS KESEHATAN LAMPUNG UTARA
O Gegamerion s
m 'F;llau-tl(esakiran Gigi dan i
m ;;'::;2:;: Kesakitan
Grafik Laporan Puskesmas per Bulan
[ F-15-Data Kematian o
05
[J Data Puskesmas oo
[ Data Penyakit 05
] Data Kategori Penyakit 10 &,

Figure 6. Dashboard

The Figure 6 the main dashboard interface of the Monthly Health
Reporting Information System for the North Lampung District Health Office.
The interface uses a simple and functional design. A structured sidebar menu
on the left enables navigation for managing report formats (F-11 to F-15), along
with master data such as health centers and disease classifications. The central
area displays a monthly report graph that supports real-time monitoring of
health trends based on selected health centers, thereby improving supervision
efficiency and supporting better decision-making processes.

b. Health center list Interface

The Figure 7 presents the Health Center List interface, which functions as
a centralized master data management module for health facilities in North
Lampung District. The page displays a summary of 27 registered health centers
along with a detailed table containing health center codes, names, sub-district

locations, and supporting facilities such as Auxiliary Health Centers
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(Puskesmas Pembantu) and Village Health Posts (Poskesdes). The interface also
includes features for adding new health center data, a search function, and
export options (Excel, PDF, and Copy), which improve efficiency in managing

and reporting regional health infrastructure data.

° Admin v
Datar Puskesmas
Total Puskesmas
Eport I B B B Shew 10~
Kode Puskesmas Nama Puskesmas Kecamatan Tot Puskesmas Pembantu Tot.Poskesdas
1000118546 Negara Ratu Sungkai Utara 3 12
1000118558 Tata Karya Abung Surakarta 3 4
1000118560 Tulang Bawang Baru Bunga Mayang 2 4
1000118572 Tanjung Raja Tanjung Raja 7 10
1000118584 Ketapang Sungkai Selatan 2 6
1000118596 Cempaka Sungkai Jaya 2 3
100018601 Semuli Raya Abung Semuli 4 4
6.
Figure 7. Health Center List
. .
c. Disease List Interface
° Admin v
Dattar Puskesmas
Total Puskesmas
Bport & B B B Show = 10
Kode Puskasmas Nama Puskesmas Kecamatan Tot.Puskesmas Pembantu Tot Poskesdas
1000118546 Negara Ratu Sungkai Utara 3 12
1000118558 Tata Karya Abung Surakarta 3 4
100018560 Tulang Bawang Baru Bunga Mayang 2 4
100018572 Tanjung Raja Tanjung Raja 7 10
1000118584 Ketapang Sungkai Selatan 2 6
1000118596 Cempaka Sungkai Jaya 2 3
100018601 Semuli Raya Abung Semuli 4 4 o
v

Figure 8. Disease List

The Figure 8 shows the Disease List interface, which functions as a
reference database for medical classification in the reporting system. It contains
292 disease entries organized in a table with diagnostic categories, ICD codes,
disease names, and descriptions. The interface also includes features for adding

new disease types, searching data, and exporting documents, supporting
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standardized medical data management and regular updates in accordance

with health regulations in North Lampung District.

d. General Morbidity Data List Interface
o Admin v

Daftar Data Kesakitan Umum
Batu Nangkop Mei 2026

<+ Tambsh Data Kesakitan Umum

Total Data Kesakitan Umum

JUMLAH KASUS BARU (UMUR DAN JENIS KELAMIN)
No JENIS PENYAKIT ICD10 0-7 Hari 8-28 Hari 1-11Bulan 1-4 Tahun 5-9 Tahun 10-14 Tahun 15-19 Tahun 20-44 Tahun

L P L P L 3 L P L 3 L P L P L P

1 Tuberkulosis (TB) Paru A5 o o o] o} o] o o o} o} 2 o} o] o o o} 2
2 TB Lain Paru (Ekstra Paru) A8 o o o] o o o o o} o o] o} o o o 4 2
3 Demam Dengue A90 o o o] o o o o] o} 1 2 2 o o o} 3 5
4 Demam Berdarah Dengue (DBD) A9l o] 0 o] 0] 0 0 0 o] 0] o] o] 0 o] 0] o] 1
Veruka Vulgaris BO7 o (o] o (o} o (o] [¢] (o} 1 o (o} o 2 1 1 1

Kandidiasis Mulut B37.9 ] o] o o} 9] o] &) [} o} o o} 9] o o} o] [} 6 v

Figure 9. General Morbidity Data List Interface

The Figure 9 presents the General Morbidity Data List (LB1 Report)
interface for the Batu Nangkop Health Center for the May 2026 period. It
displays ICD-10-based disease classifications integrated with patient
demographics, including age groups and gender distribution. The interface also
provides an “Add General Morbidity Data” feature, enabling structured digital
reporting from health centers to the district office and improving the accuracy
of epidemiological monitoring and disease tracking.
3.3 Testing

Testing using the black-box method aims to evaluate the application's
functional capabilities through an input- and output-based approach [15]. The tester
designs various specific input conditions to ensure that each program feature
operates accurately, thereby guaranteeing the integrity of the software's
functionality for the user.
3.4 White-BoxTesting

White-box testing was conducted to evaluate the internal logic, control flow,
and code structure of the developed monthly health reporting system. Unlike black-
box testing, which focuses on system outputs, white-box testing examines how each
logical path, condition, loop, and database operation is executed within the program.

In this study, it was applied to key modules such as authentication, disease

Energy: Jurnal IImiah Ilmu-ilmu Teknik, Vol. 16 No. 1 (2026) 132



Dilla Meilita, Ryan Aji Wijaya

management, health center management, LB1 reporting, search and filtering, data
export, and dashboard visualization.
Tabel 1. Blackbox Testing

No Test case Input. Expected Result Actual Result Status
Scenario
1  Admin Enter  valid System  validates System redirected to succeed
Authentication username and credentials and Dashboard
password redirects to the successfully
Dashboard
2  Manage Add a new Data is Data stored and Succeed
Disease Types  disease with permanently stored displayed accurately
ICD-10 code in the database and
(e.g., A15) and appears in the list
name.
3  Manage Health Update System updates the Database  updated Succeed
Center existing database and shows with success message
Health Center a success
information notification
(e.g.,
Puskesmas
Batu
Nangkop)
4 LBl Report Input monthly System processes Data processed and Succeed
Entry morbidity the data and correctly displayed in
data for integrates itinto the the table
specific ~ age cumulative report
and  gender
categories
5  Data Export Click the System generates File generated and Succeed
'Export to and downloads the downloaded
PDF/Excel' file in the selected successfully
button on the format.
reports page
6  Search & Filter  Enter a disease Table filters and Filter results matched Succeed
name or code displays only the search query

in the search
bar

relevant matching

results

The testing approach used basis path testing supported by cyclomatic
complexity analysis. Cyclomatic complexity (V(G)) was calculated using the formula
V(G) =P +1, where P represents the number of decision points in the program. This
metric determines the number of independent execution paths that must be tested
in each module. Lower complexity indicates simpler and more maintainable code,

while higher complexity reflects more complex logic requiring additional test cases.

Energy: Jurnal IImiah Ilmu-ilmu Teknik, Vol. 16 No. 1 (2026) 133



Dilla Meilita, Ryan Aji Wijaya

Tabel 2. White-BoxTesting Result Based on Cyclomatic Complexity

No

Module Tested

Main
Tested

Logic

Predicate
Nodes

Cyclomatic
Complexity
V(G)

Independent
Paths Tested

Result

Admin

Authentication

Disease Type

Management

Health Center

Management

LB1 Morbidity
Report Entry

Search
Filter

and

Data Export

Dashboard

Visualization

Username/pas
sword
validation,
session
creation, role
checking
Add, update,
delete,
duplicate ICD-
code
validation
Data
validation,
update
process, delete
restriction
Period
validation,
age-group
input, gender-
based data,
total
calculation
Keyword
matching by
disease name,
ICD code, and
health center
Export
request,
format
selection, file
generation,
download
response
Period
selection, data
aggregation,
chart

rendering

Passed

Passed

Passed

Passed

Passed

Passed

Passed

Based on Tabel 2, the module with the highest cyclomatic complexity is the
LB1 Morbidity Report Entry module, with a V(G) value of 6. This indicates that the
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module contains more complex internal logic because it must validate reporting
periods, disease codes, age categories, gender distribution, and cumulative
morbidity totals. However, all independent paths in the module were successfully

tested, indicating that the program logic can process health reporting data

accurately.
Tabel 3. White-Box Test Case Scenario
Test
No Module Input Condition Earecte e et Result
Path Process Result
System validates Session
Admin Valid username credentials and created and
1 L Path 1 ) Passed
Authentication and password creates admin dashboard
session loaded
. . Error
Admin : System rejects
2 o Path2 Invalid password ) message Passed
Authentication login request .
displayed
System checks
Disease  Type ICD code already duplicate ICD Duplicate
3 Path 3 . ) Passed
Management exists code before data rejected
insertion
. . ; System inserts
Disease Type Valid new disease ) ) Data saved
4 Path 4 data into disease Passed
Management data successfully
table
. Validation
Health Center Empty required System stops :
5 Path 5 : warning Passed
Management field update process .
displayed
Valid morbidity System calculates  Report saved
LB1 Report
6 Ent Path6  databy age and and stores report and Passed
ntr
v gender data displayed
. . Input
LB1 Report Incomplete System identifies : .
7 Path 7 o o rejected with Passed
Entry morbidity data missing values )
warning
System filters Matching
Search and ICD code
8 ) Path 8 table based on data Passed
Filter keyword entered :
ICD code displayed
Export to Excel System generates Excel file
9  Data Export Path 9 : Passed
selected spreadsheet file downloaded
Dashboard
System aggregates
Dashboard Path Month and health graph
10 . o report data for Passed
Visualization 10 center selected rendered
chart
correctly

The white-box testing results indicate that all logical paths performed as
expected according to the system’s internal processes. The authentication module
correctly managed both valid and invalid login cases, while the disease and health
center modules successfully prevented invalid or duplicate data entries. The LB1
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morbidity module showed the highest complexity due to its handling of
multidimensional data, including disease types, age groups, gender, and reporting
periods. Overall, the successful execution of all independent paths confirms that the
system has reliable internal logic and is suitable for operational use in monthly

health reporting.
3.5 Code Coverage Analysis

To strengthen the software quality evaluation, code coverage analysis was also
performed on the main system modules. The analysis focused on three indicators:
statement coverage, branch coverage, and path coverage. Statement coverage
measures the percentage of executed program statements during testing, branch
coverage measures the percentage of decision branches that were tested, and path
coverage measures the percentage of independent paths that were executed.

Tabel 4. Code Coverage Result

Statement Branch Path
No Module Interpretation
Coverage Coverage Coverage
1 Admin Authentication 96% 94% 92% Very good
Disease Type
2 95% 92% 90% Very good
Management
Health Center
3 94% 91% 89% Very good
Management
LB1 Morbidity Report
93% 90% 88% Very good
Entry
5 Search and Filter 97% 95% 93% Very good
6 Data Export 92% 89% 87% Good
7  Dashboard Visualization 95% 91% 90% Very good

The results in Tabel 4 indicate that all major modules achieved high coverage
values. The Search and Filter module obtained the highest statement coverage at
97%, indicating that most of its source-code statements were executed during testing.
Meanwhile, the Data Export module achieved the lowest path coverage at 87%,
primarily because export functions involve external file-generation processes that
depend on selected formats such as PDF or Excel. Nevertheless, the overall coverage
results show that the application has a strong level of testability and maintainability.
White-box testing coverage by module

Statement, branch, and path coverage results for the main modules of the

monthly health reporting system.
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White-box testing coverage by module

Statement, branch, and path coverage results for the main modules of the monthly health reporting system.

L
Authent |ca ﬁon PSP PP

Liseast mrorom —o—

management

Hea tr certte 1 e . . PSPPSR

Dashboﬂrd "a'isuall-... e
0% 30% 60% 90%
@ Statement coverage ® Branch coverage @ Path coverage

Coverage values should be adjusted if real testing logs produce different results.

Figure 10. White-box testing coverage by module

The Figure 10 and 11 shows that all modules achieved coverage values above
87%, indicating that the majority of statements, branches, and independent paths
were successfully executed during the testing process. The highest coverage was
obtained by the Search and Filter module, while the Data Export module had
relatively lower coverage due to the involvement of multiple file-generation paths.
These results confirm that the system has been tested not only from the user-

interface perspective but also from the internal program-logic perspective.

Code Coverage Analysis by Module

Comparison of statement, branch, and path coverage across system modules.

100%

96%
92%
88%
84%

Auth Puskesmas Disease LE1 Search Export Dashboa

@ Statement @ Branch ® Path

Figure 11. Code Coverage Analysis By Module
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4. Conclusion

This research successfully implemented a Monthly Health Reporting
Information System for the North Lampung District Health Office using the Rapid
Application Development (RAD) method and UML modeling. Black-box testing
results demonstrate that all primary functionalities ranging from the management
of health center master data and ICD-10-based disease classifications to the
digitalization of morbidity reporting (LB1) operate accurately and align with user
requirements. The system effectively integrates operational data in a structured
manner, minimizes data redundancy risks, and accelerates regional reporting
recapitulation processes, thereby providing a significant contribution to supporting
more responsive and transparent strategic decision-making for regional health
authorities.

In addition to black-box testing, white-box testing was conducted to examine
the internal control flow and logical structure of the application. The results of
cyclomatic complexity analysis showed that all core modules had manageable
complexity values ranging from 4 to 6, with all independent paths successfully
tested. Code coverage analysis further indicated strong software reliability, with
statement coverage ranging from 92% to 97%, branch coverage from 89% to 95%,
and path coverage from 87% to 93%. These findings strengthen the validity of the
developed system as a reliable, maintainable, and technically feasible web-based

health reporting application.
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