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The advancement of information technology in the digital era encourages organizations
to improve inventory management efficiency through modern and flexible web-based
systems. Cakra Abhipraya still faces challenges in the stock opname process, including
manual data recording, delays in stock information synchronization between divisions,
and difficulties accessing the system via mobile devices in the field. These issues cause
inventory monitoring to be less effective and prone to errors in stock data. This research
aims to implement a Progressive Web App (PWA) on a web-based stock opname system
at Cakra Abhipraya to improve efficiency, flexibility, and accessibility of inventory
management. The system was developed using the Agile Development methodology
with HTMLS5, CSS3, and plain JavaScript as the frontend, and Google Apps Script
integrated with Google Spreadsheet as the backend. The PWA concept is applied
through service workers and a web app manifest to support offline capability, responsive
interface, and installability. Testing was conducted using the Black-Box Testing method
and a Google Lighthouse audit. The results show that the system achieved a perfect
PWA score (100) in the Google Lighthouse audit, improved the stock opname process
efficiency by 73% compared to the manual method, and achieved an average user
satisfaction score of 4.3 out of 5. The implementation of this system has proven to
significantly support the digitalization of inventory management at Cakra Abhipraya.

This is an open access article under the CC BY-SA license.

XLl

primary application options, each with its own limitations: native

1. Introduction

applications, which require installation and consume device
storage, and browser-based applications, which are generally

Advancements in information technology during the digital era
have encouraged organizations to adopt web-based information
systems to manage data and business processes more efficiently
and in an integrated manner |1 |. Traditionally, users have had two
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lighter but may provide a less reliable user experience under
limited network conditions, such as 2G or 3G connectivity [1].
These limitations have contributed to the emergence of
Progressive Web Apps (PWAs), an approach that combines the
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advantages of web and mobile applications while addressing
limitations associated with both [1,2]. PWAs provide features
such as offline and low-connectivity support, an app-like user
experience, up-to-date content, secure access through HTTPS,
search engine discoverability, and re-engagement through push
notifications [2,3].

Cakra Abhipraya is an organization that manages
various social and humanitarian programs requiring structured
inventory and stock management. Although the organization has
undertaken digitalization efforts, including the implementation of
a web-based portal for publication and donation transparency [4],
observations indicate that challenges remain in its stock-taking
processes. These challenges include manual stock data recording,
delays in synchronizing inventory information across divisions,
and limited accessibility through mobile devices during field
operations. Similar problems have been reported in organizations
that rely on manual record-keeping and conventional electronic
spreadsheets, including data discrepancies, duplicate item names,
and reporting processes that are time-consuming and prone to
errors [5-7].

Previous studies have demonstrated the applicability of
PWAs in various domains, including online learning media [8],
student e-portfolio repositories [9], agricultural field data
collection [10], and inventory management using barcode or QR-
code scanning [11]. PWAs have also been applied in e-commerce
inventory management using the Periodic Review System method
[12]. However, existing research on web-based stock-taking
systems has generally relied on linear development approaches
such as the Waterfall method [7,12] or has not incorporated PWA
technology, resulting in systems that are primarily accessed

through desktop computers [6,7]. These limitations reduce system
flexibility, particularly for staff conducting inventory activities in
the field. Therefore, this study aims to implement PWA
technology in the web-based stock-taking system at Cakra
Abhipraya, using Google Apps Script as the backend and Google
Sheets as the data storage platform. The proposed system is
intended to improve inventory management efficiency, flexibility,
and accessibility, while its functionality and PWA capabilities are
evaluated using Black-Box Testing and Google Lighthouse audits
[13,14].

2. Method

This study employs a Research and Development (R&D)
approach with an Agile-based system development methodology.
Agile was selected because of its iterative and incremental nature,
which enables the development process to accommodate
changing user requirements throughout each iteration [15,16].
The methodological approach is supported by previous system
development studies, including the application of the Agile/Scrum
model in the development of a stock-taking system for a building
supply store [15] and the division of product backlogs into sprint
backlogs in the development of a stock-taking application
integrated with SAP Business One [16]. Accordingly, the
development process in this study consists of five main phases
that are performed iteratively: (1) Planning and Requirements
Analysis, (2) System Design, (3) Implementation, (4) Testing, and
(5) Deployment and Evaluation. The overall development process
is illustrated in Figure 1.

AGILE DEVELOPMENT METHOD STAGES

Progressive Web App (PWA)-based Stock Opname System at Cakra Abhipraya

Planning &
Requirements Analysis

System Design

Designing the system
architecture, database,
and data flow, and
identifying users
(UI/UX).

Observation and interviews
with users to identify
functional and
non-functional system
requirements.

Implementation

Coding the system

using Google Apps Script,
HTMLS5, CSS3, and
JavaScript with the
implementation of PWA.

Testing

Deployment &
Evaluation

Verification of functionality
using Black-Box Testing »
and evaluation of PWA

quality using

System deployment in a
production environment
and evaluation of the

implementation results.

Google Lighthouse.

Iteration / Sprint - feedback from users is used as input for the next cycle

Figure 1 — Agile Development Method Stages

A needs analysis was conducted through direct observation,
interviews with Cakra Abhipraya’s administrative and operational
staff, and a review of documentation related to inventory
management procedures. The functional requirements identified
through this process are presented in Table 1 and include two-
level access authentication, a real-time statistical dashboard, item
data management, an item request system with an approval

workflow, and program and activity data management. The non-
functional requirements specify a minimum Google Lighthouse
score of 80 for the Performance and Accessibility categories, as
well as an API response time of less than two seconds. These
performance thresholds were established based on PWA quality
evaluation practices reported in previous studies [9,12,14].
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Table 1 — Analysis of system functional requirements

Code Functional Requirement Priority Status

KF-01 Multi-level authentication (Admin & Staff) High Fulfilled
KF-02 Real-time inventory statistics dashboard High Fulfilled
KF-03 Item data management (CRUD & search) High Fulfilled
KF-04 Item request system with an approval workflow High Fulfilled
KF-05 Program/activity management Medium Fulfilled

The system design employs a web-based client—server
architecture using a serverless approach, with Google Apps Script
handling server-side logic and Google Sheets serving as the data
storage platform. This approach is particularly suitable for
organizations with limited technical infrastructure and budgetary
resources [17,18]. The database structure consists of four primary
entities: Users, Items, Programs, and Requests, with each entity
stored in a separate sheet [7].

The PWA implementation consists of three main
technical steps. First, a service worker is registered to implement
caching strategies, using a Cache First strategy for static assets
and a Network First strategy for API requests [2.3]. Second, a
manifest.json file is configured with the required application
metadata, including 192 x 192 and 512 x 512 pixel icons and the
standalone display mode [3,19]. Third, essential application
assets, including HTML, CSS, JavaScript, and application icons,
are precached during service worker installation to improve
application availability and loading performance [2].

System  evaluation is conducted using two
complementary methods. First, Black-Box Testing is used to
verify system functionality from the user’s perspective, with test
scenarios developed based on the equivalence partitioning
technique [13]. Second, Google Lighthouse is used to evaluate
PWA quality across the Performance, Accessibility, Best
Practices, and SEO categories, with scores reported on a 0—100
scale [14]. Both evaluation methods are performed at the end of
each Agile iteration, allowing identified deficiencies to be
addressed before the system proceeds to the subsequent iteration
or final deployment.

3. Result and Discussion

3.1. System Implementation

The system backend was developed using five primary functional
modules within Google Apps Script to support the main inventory
management processes. The first module, Auth, is responsible for
handling user authentication and session management to control
access to the system. The second module, Items, supports CRUD
(Create, Read, Update, and Delete) operations as well as
inventory data retrieval, enabling users to manage and access item
information efficiently. The third module, Requests, manages
automated identification generation and approval workflows for
item requests. The fourth module, Programs, is used to manage
program and activity data associated with inventory activities.
Finally, the Dashboard module provides real-time statistical
aggregation, allowing wusers to monitor inventory-related
information through summarized statistical data. This modular
functional structure is consistent with data management and stock

control patterns reported in previous research on web-based
inventory management information systems [7].

The user interface was developed using HTMLS, CSS3,
and vanilla JavaScript to provide a responsive and accessible
interaction environment for system users. A mobile-first design
approach was adopted to ensure that the interface can be used
effectively on mobile devices, particularly by staff who may
access the system during field activities. In addition, a consistent
dark-theme interface was implemented across different device
types to maintain visual consistency throughout the system. The
combination of the modular backend structure and mobile-
oriented frontend design supports the system's objective of
providing an efficient, flexible, and accessible inventory
management solution.

3.2. The Result of Black-Box Testing

Black-box testing was conducted using 45 test scenarios
designed to evaluate the functional performance of the developed
system from the user's perspective. The scenarios covered several
core processes, including user login, inventory data management,
item submission, approval processes, and status updates. Each
scenario was executed by providing the specified input and
comparing the resulting system output with the expected
outcome. The testing results showed that all 45 scenarios were
successfully executed and produced the expected outputs.
Furthermore, no critical bugs or functional errors were identified
that could interfere with the system's primary operations.

The 100% test success rate indicates that the system
was able to fulfill all functional requirements represented in the
tested scenarios. This result also demonstrates the effectiveness of
the Agile iterative development approach implemented in this
study, in which each functional module was tested immediately
after its implementation. By identifying and addressing potential
errors during individual development iterations, functional
problems could be resolved before being carried over to
subsequent stages of development. This iterative testing process
therefore helped minimize the accumulation of functional errors
and contributed to the system's readiness for final testing and
deployment [16].

3.3. Google Lighthouse Test Results

The Google Lighthouse audit results demonstrate
satisfactory performance across all evaluated categories, with a
perfect PWA score of 100. This result indicates that the system
has successfully satisfied the assessed technical PWA criteria,
including the presence of an active service worker, a valid web
app manifest, secure HTTPS access, and support for offline
functionality [2,14]. The complete Lighthouse audit results are
presented in Table 2.
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Table 2 — Google Lighthouse Test Results

Category Score Rating Description
Performance 87 Needs Improvement Loading time: 1.8 seconds
Accessibility 92 Excellent Complete ARIA labels
Best Practices 95 Excellent Modern web standards met

SEO 89 Needs Improvement Optimized meta tags
PWA 100 Excellent All PWA criteria met

The Performance score of 87, with a loading time of 1.8
seconds, exceeded the minimum threshold of 80 established
during the requirements analysis stage. Although this result is
slightly lower than that reported in a comparable study, which
improved its Performance score from 62% to 98% [9], the
obtained score still indicates satisfactory system performance.
The difference can reasonably be attributed to the system's
dependence on communication with Google Apps Script and
Google Sheets, which may introduce additional latency
compared with backend technologies such as Express.js or
Next.js [9,20]. Despite this limitation, the achieved loading time
demonstrates that the system remains sufficiently responsive for
its intended inventory management activities.

The Accessibility score of 92 also exceeded the
predefined minimum threshold, indicating that the system
adequately addresses important accessibility requirements,
including the appropriate use of ARIA labels for interactive
elements. This result is consistent with the importance of web
accessibility guidelines, such as WCAG, in ensuring that digital
systems can be accessed and used by a broad range of users [21].
Meanwhile, the SEO score of 89, although relatively lower than
the other categories, remains acceptable considering that the
developed system is intended as an internal organizational
application rather than a publicly indexed website. This differs
from public-facing platforms, such as the Cakra Abhipraya
humanitarian portal, where search engine visibility is more
relevant [4]. Finally, the Best Practices score of 95 indicates
strong compliance with modern web development practices,
including the implementation of HTTPS, which represents one
of the fundamental security -characteristics required for
Progressive Web Applications [2,19].

3.4. Impact of Implementation on Efficiency and User
Satisfaction

The comparison of the stock-taking process involving
50 items demonstrated a substantial improvement in operational
efficiency after the implementation of the proposed system.
Using the conventional manual method, the stock-taking process
required an average of 45 minutes, whereas the same process
using the developed system required only 12 minutes. This
represents a reduction of approximately 73% in processing time,
indicating that the system can significantly accelerate routine
inventory activities. The shorter processing duration allows staff
to complete stock-taking activities more efficiently and provides
additional time for other operational responsibilities.

The improvement in processing time can be attributed
to several features incorporated into the system. First, the
elimination of manual recording reduces the time required to
write down and subsequently re-enter inventory information.
Second, automated data validation helps minimize repetitive
verification activities and reduces the possibility of errors during

data entry. Third, the PWA-based architecture allows staff to
access the system directly through mobile devices while
conducting stock-taking activities in the field. Consequently, staff
are not required to return to a computer workstation to record or
update inventory data, thereby streamlining the overall stock-
taking workflow. These advantages are consistent with previous
research on PWA-based inventory management and the Periodic
Review System, which highlights the potential of digital
inventory systems to improve stock control and reduce the risks
of stockouts and overstocking [12].

The findings also demonstrate that the developed
system addresses several operational problems reported in
previous studies of web-based inventory management. In
particular, the automated submission and approval workflow can
help reduce delays associated with manual inter-departmental
document processing and approval [7]. The system also reduces
the administrative burden associated with conventional stock-
taking practices. This is particularly relevant when compared
with MSME case studies in which manual stock-taking required
approximately six to eight hours per session and resulted in data
discrepancies ranging from 10% to 15% [22]. By integrating
data recording, validation, and reporting into a single system, the
proposed solution provides a more structured mechanism for
managing inventory information and supporting stock-taking
activities.

In addition to operational efficiency, the post-
implementation evaluation indicates a positive level of user
acceptance. The user satisfaction survey produced an average
score of 4.3 out of 5, with most respondents reporting that the
developed system was considerably easier to use than the
previous manual method. This result is consistent with previous
studies examining user acceptance and engagement with PWA-
based systems [9,20.23]. Similar findings have also been
reported in web-mobile stock-taking and monitoring systems,
where users generally demonstrated positive acceptance while
still identifying several aspects requiring further improvement
[5]. Furthermore, research on PWA user engagement reported
that approximately 43% of participants in an e-commerce
platform preferred PWAs over native applications because they
did not require a separate installation process, while PWA
adoption was associated with the potential to increase user
retention by up to 35% compared with conventional applications
[23]. These findings support the suitability of the PWA approach
for systems that require convenient and flexible access across
different devices.

Overall, the implementation results indicate that the
developed system provides improvements across three
interconnected  dimensions: operational efficiency, data
accuracy, and system accessibility. The reduction in stock-taking
time demonstrates improved operational efficiency, while
automated data validation and centralized data management
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contribute to more consistent and reliable inventory information.
At the same time, mobile accessibility through the PWA
architecture enables staff to perform inventory-related activities
more flexibly, including during field operations. These three
dimensions reinforce one another because faster processing is
more valuable when the resulting data are reliable and readily
accessible to users. Therefore, the combination of automated
recording, data validation, streamlined workflows, and multi-
device accessibility provides an integrated solution for
improving inventory management at Cakra Abhipraya.

5. Conclusion

The implementation of a Progressive Web App (PWA) for Cakra
Abhipraya’s stock-taking system was successfully completed
using Google Apps Script for the backend and HTMLS5, CSS3,
and JavaScript for the frontend. The system achieved a perfect
PWA score of 100 in Google Lighthouse, indicating that it
satisfied the assessed technical PWA criteria. The integration of
service workers and a web app manifest supported key PWA
capabilities, including offline access and installability, while the
system achieved satisfactory scores for Performance (87),
Accessibility (92), and Best Practices (95). The adoption of an
Agile-based development methodology also enabled iterative
refinement of the system based on users’ actual requirements and
feedback. Furthermore, all 45 Black-Box Testing scenarios were
successfully executed without identifying critical functional bugs.
The system reduced the average stock-taking time by
approximately 73% compared with the manual method, while the
post-implementation user satisfaction score reached 4.3 out of
5.0.

These findings demonstrate that the Google Apps
Script-based PWA approach can provide an efficient, affordable,
and practical solution for non-profit organizations with limited
technological infrastructure and resources. The developed system
also complements Cakra Abhipraya’s ongoing digitalization
initiatives, which previously included the development of a social
publication and donation transparency portal. Nevertheless,
several opportunities remain for further development. Future
improvements may include the integration of push notifications,
enhanced analytics and reporting features, migration to a more
scalable database to accommodate larger data volumes, and
barcode or QR-code scanning capabilities to further accelerate
physical stock recording during field activities.
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