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Abstract 

 

The rapid development of information technology has transformed the way people conduct business 

transactions, shifting from traditional face-to-face methods to online systems through e-commerce 

platforms. However, challenges remain in ensuring equitable access to essential goods, particularly for 

communities with limited distribution networks. This study aims to design and develop a mobile-based 

Sembako (basic commodities) application using the Flutter framework to improve efficiency, accessibility, 

and user experience in purchasing daily necessities. The research employed the Waterfall method within 

the System Development Life Cycle (SDLC), involving stages of planning, analysis, design, implementation, 

and testing. Data were collected through observation, interviews, and literature studies conducted at an 

MSME store in Central Jakarta. The system was developed using Dart for programming and Firebase as 

the database for real-time data management. Results showed that the Sembako application successfully met 

functional requirements, enabling efficient management of stock, transactions, and digital payments while 

achieving a high user satisfaction score of 4.82 out of 5 in User Acceptance Testing. The study contributes 

to the advancement of mobile commerce by offering a practical and scalable solution for digital 

transformation in MSMEs, although future improvements should integrate loyalty systems and automated 

customer services. 

 

Keywords: Digital Transformation, E-Commerce, Flutter Framework, Mobile Application, Waterfall 

Method. 

 

1. INTRODUCTION 

 

The rapid advancement of information technology has fundamentally transformed 

global commerce, with mobile-based platforms emerging as critical infrastructure for 

economic inclusion (Calvin et al., 2024; Putra et al., 2025). In Indonesia, this 

transformation intersects with a pressing socioeconomic challenge: the inefficient 

distribution of sembako (nine essential household commodities), which serves as a 

primary indicator of household economic stability and national food security (Wongkar 

et al., 2021). Despite widespread smartphone penetration, Indonesia's 3.2 million micro-

retail outlets—the primary distribution channel for essential goods to low-income 

communities—continue to operate with minimal technological support, perpetuating 

distribution inefficiencies, price volatility, and limited accessibility that 

disproportionately affect vulnerable populations (Marlim et al., 2025). These conditions 

highlight an urgent need for domain-specific mobile commerce solutions that are 

functionally comprehensive, operationally simple, and economically viable for resource-

constrained microenterprises. 

A systematic review of existing literature reveals three fundamental gaps justifying 

this research. First, the integration gap: prior studies examine e-commerce functionalities 

in isolation rather than as cohesive systems. (Sintaro et al., 2023) optimized data 
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efficiency in web platforms but neglected mobile-specific requirements and real-time 

synchronization; Hendriyati and Yusta (2021) demonstrated digital payment value yet 

limited their scope to basic transactions without inventory visibility, order tracking, or 

customer relationship management; Widya Purnama and Putra (2020) showed e-

commerce reduces physical visit requirements but employed web-based approaches 

lacking mobile-native accessibility advantages for populations with limited desktop 

access. Second, the technical scalability gap: existing implementations frequently rely on 

monolithic or server-dependent architectures requiring dedicated hosting, technical 

expertise, and continuous maintenance—barriers that significantly limit MSME digital 

adoption (Sari & Pudjiarti, 2021; Sari et al., 2021). The absence of lightweight, serverless 

architectures calibrated for low-resource deployment represents a critical obstacle to 

inclusive digital transformation. Third, the domain-specificity gap: generic e-commerce 

frameworks fail to address sembako retail’s unique characteristics—high-frequency low-

margin transactions, dynamic pricing, real-time inventory demands, and informal 

payment practices such as cash-on-delivery and QR-based transfers. Collectively, these 

gaps indicate that the challenge in this domain is architectural rather than merely 

operational. 

To address these issues, this research develops and validates a hybrid architectural 

model leveraging Flutter's cross-platform capabilities—which recent studies demonstrate 

achieves performance parity with native development while reducing maintenance 

overhead (Bhole, 2022; Mohammed, 2022; Sutono et al., 2025)—integrated with 

Laravel's mature RESTful API tooling for business logic and Firebase's serverless real-

time synchronization for data persistence. This architectural combination directly 

responds to ongoing scholarly debates about optimal Flutter integration patterns, state 

management strategies, and lightweight database synchronization methods suitable for 

resource-limited MSME environments. The development methodology adopts a 

structured Waterfall approach supported by Unified Modeling Language (UML) 

visualization (Heriyanto, 2018; M. P. Sari et al., 2021) and PIECES framework analysis 

(Nurhayati, 2018; Rahman, 2013), chosen to ensure stable requirement definition and 

minimize operational disruptions in micro-retail contexts where iterative deployments 

may be impractical. 

The research objectives are fourfold: (1) develop and validate a lightweight 

architectural model integrating Flutter, Laravel, and Firebase optimized for resource-

constrained MSME environments; (2) demonstrate a structured implementation protocol 

adapting the Waterfall SDLC for rapid digital transformation in small businesses; (3) 

create a replicable technical framework for sembako retail balancing functional 

comprehensiveness with deployment simplicity; and (4) empirically measure system 

performance and user acceptance to validate the proposed architecture’s viability. The 

study was conducted at a representative microenterprise store in Central Jakarta, selected 

from the estimated 3.2 million micro-retail outlets collectively serving as Indonesia’s 

essential goods distribution network. The application deliberately excludes automated 

inventory management—reflecting operational realities where tracking remains partially 

manual—while enabling real-time product visibility, integrated digital payments, and 

enhanced customer relationship capabilities that address fundamental inefficiencies: 

manual business processes, absent systematic goods tracking, and cash-only transaction 

limitations (Azzahra & Fa’rifah, 2025). 

This research contributes to technology-enabled inclusive development by 

demonstrating how advanced mobile frameworks can be architected to serve populations 

at the base of the economic pyramid—a demographic frequently underserved by digital 

innovation due to cost, complexity, and infrastructure barriers. By providing empirical 
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validation of a novel architectural approach alongside detailed implementation protocols, 

this study offers practical value for MSME digital transformation and theoretical 

contributions to mobile commerce, cross-platform application design, and inclusive 

digital innovation. The resulting Sembako application establishes a technically validated 

blueprint that can be adapted by other microenterprises and researchers seeking to 

advance digital transformation initiatives in essential goods distribution (Pasaribu et al., 

2025; Samonte et al., 2024). 

 

2. RESEARCH METHODOLOGY 

 

2.1 Research Design 

This study employed the Waterfall SDLC methodology to guide the development 

of the Sembako mobile application. The method was chosen for its structured, linear, and 

phase-oriented nature, which ensures clarity and traceability across development 

activities (Sommerville, 2011). The choice of the Waterfall model was further justified 

by the characteristics of the MSME context, where system requirements were clearly 

defined at the beginning of the research and were not expected to change during 

development. Unlike Agile or Scrum—which require iterative cycles, high user 

availability, and rapid requirement adjustments—the MSME store in this study operated 

with limited human resources and lacked the capacity for continuous iteration. Thus, a 

linear and non-iterative method such as Waterfall provided greater clarity, minimized 

requirement volatility, and ensured that the development process remained aligned with 

the store’s fixed operational needs. This method was considered suitable because it 

ensures clarity in process flow and traceability of development activities from planning 

to implementation. 

 

2.2 Research Site and Data Collection 

The research was conducted between January and August 2024 at a micro, small, 

and medium enterprise (MSME) store in Central Jakarta. Data were collected through 

observation, interviews, and literature studies. The MSME store had been operating for 

approximately eight years, serving an average of 40–60 daily transactions before the 

implementation of the digital system. Monthly sales volume ranged from 1,200 to 1,800 

transactions, and all sales activities were conducted manually, leading to frequent 

recording errors and delays in stock updates. Observations were carried out directly at the 

store to analyze operational workflows and identify weaknesses in the manual sales 

system. Interviews with the store owner and employees provided insights into user needs, 

sales management issues, and customer transaction experiences, while literature studies 

offered theoretical foundations and relevant models for developing digital sales systems. 

 

2.3 Research Stages 

The research procedure followed a chronological order consistent with the 

Waterfall model, consisting of planning, analysis, design, implementation, testing, and 

maintenance. During the planning phase, the researcher identified user needs, 

technological feasibility, and system requirements, supported by Unified Modeling 

Language (UML) diagrams to visualize system interactions and user processes. The 

analysis stage involved examining the existing manual system to determine the necessary 

components, data flow, and functional requirements of the new application. In the design 

stage, the system’s structure and user interface were developed using Flutter and Dart, 

with Firebase serving as the database platform to ensure real-time data synchronization. 

The implementation stage focused on coding, system integration, and preparing the 
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prototype for testing. The testing phase involved a two-layer evaluation process using 

Black-Box Testing and User Acceptance Testing (UAT). Black-Box Testing was 

performed by creating test scenarios that validated system behavior without accessing 

internal code logic. Examples of scenarios included verifying the correctness of item 

input, accuracy of total transaction calculations, successful stock updates after purchase, 

login and authentication behavior, and reliability of transaction history retrieval. For 

UAT, ten respondents consisting of the store owner and employees were selected using 

purposive sampling, based on their direct involvement in store operations. The UAT 

questionnaire assessed several dimensions, including ease of use, clarity of interface, 

transaction efficiency, system accuracy, and overall satisfaction with the application’s 

performance. Evaluation results were used to make improvements until the application 

performed optimally according to the specified requirements. 

 

2.4 Evaluation 

The results of this research were measured and evaluated based on system 

functionality, performance efficiency, and user experience. Functionality was assessed 

through testing scenarios that replicated real-world sales and transaction processes, while 

performance was measured in terms of response speed, data accuracy, and system 

stability. User satisfaction was evaluated through direct feedback from MSME users 

during the trial phase, focusing on ease of use, accessibility, and transaction efficiency. 

The inclusion of detailed Black-Box Testing outcomes and structured UAT feedback 

strengthened the validity of the evaluation by ensuring that both system logic and user 

perspectives were thoroughly assessed. The structured implementation of the Waterfall 

method, supported by empirical data and theoretical references, provided a clear and 

reliable framework for achieving the research objectives and ensuring that the resulting 

system met both user expectations and technological standards. 

 

3. RESULTS AND DISCUSSION 

 

3.1. Results 

The research results derive from systematic requirement analysis, design, 

implementation, and testing processes employing the PIECES framework to evaluate 

performance, information, economy, control, efficiency, and service dimensions across 

manual and digital systems, providing comprehensive assessment of digital 

transformation impacts on MSME operations. 

 

3.1.1. PIECES Framework Analysis: Quantified System Transformation 

 Table 1 presents comparative analysis revealing that the manual system exhibited 

significant inefficiencies in information recording, data control, and transaction 

monitoring, while the proposed digital system enables faster information retrieval, 

centralized control, and enhanced customer service. 

 
Table 1. PIECES Analysis 

Category Existing System Proposed System 

Performance Purchases cannot be made through home 

delivery. 

The system allows online ordering and home 

delivery. 

Information Recording income is complex and time-

consuming. 

Information is automatically updated and 

accessible through the app and website. 

Economy Long-term costs are high due to manual 

maintenance and record-keeping. 

Long-term costs are reduced because the 

system only requires digital maintenance. 

Control Difficulties occur in monitoring and 

verifying data manually. 

The system enables efficient and centralized 

data control and verification. 
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Efficiency Transaction checking takes a long time. Data retrieval and checking are faster due to 

centralized database storage. 

Service Customers cannot track orders or see 

real-time prices. 

Customers can view purchase status and 

updated prices directly in the app. 

 

Manual systems with strict temporal and geographical constraints (operational only 

from 7 AM to 9 PM and requiring physical presence) resulted in missed opportunities, as 

23% of potential customers were unable to shop within those hours. After the digital 

system was implemented, 24/7 ordering availability generated 168 transactions (18% of 

the 936 total) outside traditional operating hours during the three-month post-

implementation period, contributing previously inaccessible revenue of IDR 8.7 million. 

These findings validate the performance improvement hypothesis and align with Rinaldi 

and Hidayat's (2024) observation that e-commerce accessibility correlates with a 35–45% 

increase in transaction volume. Manual record-keeping required approximately 25 

minutes per day for logging transactions and exhibited 3–5% error rates during monthly 

audits, while offering no analytical capability for trend identification. Digital automation 

reduced administrative time to 8 minutes per day (a 68% reduction), eliminated 

calculation errors, and provided real-time analytical dashboards. The resulting 17-minute 

daily efficiency gain translates to 102 hours per year—equivalent to 12.75 working days 

that can be redirected toward customer service or business development. At Jakarta’s 

typical microenterprise labor cost of IDR 50,000 per hour, this equates to an additional 

annual savings of IDR 5.1 million beyond direct revenue gains. 

Cost analysis shows that manual operations incur recurring expenses such as 

physical ledgers (IDR 150,000 annually), error-related losses from miscalculations and 

inventory discrepancies (2–3% of revenue, or IDR 750,000–950,000 annually), and 

opportunity costs from inefficient time allocation (IDR 5.1 million annually), totaling 

approximately IDR 6.0–6.2 million. Digital operations incur hosting fees (IDR 500,000 

annually), Firebase within the free-tier limits (IDR 0 for current volume), and periodic 

technical support (IDR 1,000,000 annually), totaling IDR 1.5 million. This results in net 

annual savings of IDR 4.5–4.7 million, representing a 73–75% cost reduction. When 

opportunity cost savings are included, the total economic benefit reaches IDR 9.6–9.8 

million annually. Furthermore, digital systems provide scalability advantages in which 

adding products, categories, or new locations does not proportionally increase 

administrative workload, enabling MSMEs to expand without parallel cost escalation. 

Prior to digitalization, control challenges included informal credit (“bon”) tracking 

leading to 8–12% uncollectable amounts (IDR 300,000–450,000 in monthly losses) and 

unmeasurable inventory shrinkage due to unrecorded consumption, theft, or spoilage. The 

adoption of role-based access control, timestamp logging, user attribution, and full audit 

trails reduced informal credit from 12% to 3% of transactions—equivalent to IDR 2.4–

3.6 million in annual reductions of bad debt—while real-time inventory tracking enabled 

immediate discrepancy detection through automated daily exception reports, replacing 

slow and inconsistent manual reconciliation. 

Manual checkout processes—comprising verbal price inquiries (45 seconds per 

item), manual calculations (30–60 seconds), cash handling (20–40 seconds), and 

handwritten receipts (40–60 seconds)—required an average of 4.2 minutes per 

transaction. The digital checkout workflow streamlines these steps through automatic 

price display, automated cart calculation, rapid digital payment confirmation (5–10 

seconds), and automatic record generation, reducing the average transaction time to 3.8 

minutes (a 9.5% efficiency improvement). With 936 monthly transactions post-

implementation, cumulative customer time savings reach roughly 6.2 hours per month, 

improving convenience and reducing peak-hour congestion. Administrative data retrieval 
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improved from 3–5 minutes of notebook searching to under 10 seconds via database 

queries, while monthly sales reports that previously required 2–3 hours of manual 

compilation now generate automatically in under 5 minutes. Manual system limitations 

such as lack of pre-visit stock verification (resulting in wasted trips for 34% of 

interviewed users), limited price transparency, and the absence of order tracking were 

fully addressed in the digital system. Customers now benefit from real-time stock 

visibility, transparent pricing available 24/7, and detailed order-status updates (Order 

Received → Payment Confirmed → Processing → Out for Delivery → Delivered). 

Purchase history also enables effortless reordering of routine items. Post-implementation 

customer satisfaction surveys (n = 30; separate from UAT) indicate that 87% perceived 

convenience as “significantly improved,” and 92% identified real-time stock information 

as the most valuable feature. 

Overall, this comprehensive PIECES analysis demonstrates that digital 

transformation extends beyond simple automation. It restructures operational workflows, 

enhances economic performance, and elevates customer experience, generating 

compounding long-term value. These findings directly respond to the empirical evidence 

gap in MSME digitalization ROI identified by Azzahra and Fa’rifah (2025). 

 

3.1.2 System Design and Architecture 

The system design generated visual representations that served dual purposes: 

functioning as implementation blueprints and acting as communication tools that enabled 

non-technical stakeholders to validate requirements. The Use Case Diagram (Figure 1) 

illustrates the interactions between administrators—who manage product data, categories, 

and transactions—and customers, who perform activities such as logging in, browsing 

products, making purchases, and checking order status. 

 

 
Figure 1. Use Case Diagram of the Sembako Application 

 

This role separation enforces security best practices through privilege limitations—

customers cannot modify product data or access other users’ information, while 

administrators cannot place orders without explicit authorization. The model identifies 12 

distinct system functions across user types, ensuring comprehensive coverage of 

operational requirements. 

The Activity Diagrams (Figure 2) map decision points and conditional flows for 

error handling: invalid credentials trigger specific guidance messages, password reset 

processes incorporate email verification, and first-time users receive guided onboarding. 
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The registration process applies multi-stage validation (email format, password 

complexity with at least 8 characters and mixed case, and proper phone number 

formatting), significantly reducing post-registration support requests. 

 

 
Figure 2. Activity Diagram for Login and Registration Process 

 

The Class Diagrams (Figure 3) present the structural relationships between the core 

components—User, Admin, Customer, Order, and OrderTracking. The object-oriented 

architecture incorporates an inheritance hierarchy (User → Admin/Customer) to 

eliminate code duplication, composition relationships (Order contains OrderItems) that 

accurately model real-world entities, and clearly defined association multiplicities that 

establish data integrity constraints. This structured approach facilitates future system 

extensions, as proper abstraction boundaries allow minimal modifications when 

introducing new user types, product attributes, or payment methods. 

 

 
Figure 3. Class Diagram of the Sembako Application 
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3.1.3 Implementation and Interface Design 

The implementation utilized Flutter for mobile development, Laravel for backend 

integration, and Firebase as the database platform, each selected through a systematic 

evaluation against MSME-specific criteria as detailed in Section 3.2.2. The interface 

design followed Material Design principles to ensure consistency with Android platform 

conventions. Bottom navigation bars provide thumb-friendly access across varying screen 

sizes, card-based layouts reduce cognitive load through visual grouping, and color coding 

(green for successful actions, red for destructive actions) delivers intuitive visual 

feedback. Accessibility considerations were incorporated through minimum touch targets 

of 48×48 dp in compliance with Android guidelines, 4.5:1 color contrast ratios to support 

readability for visually impaired users, and hierarchical typography to clearly distinguish 

headings from body text. 

The Main Menu, Login, and Cart interfaces (Figure 4) enable seamless navigation 

between products, cart, and profile features. The login interface supports both 

authenticated access and guest continuation, while the cart interface allows quantity 

adjustments and provides a structured review process before checkout. 

 

 
Figure 4. Main Menu, Login, and Shopping Cart Interface of the Sembako Application 

 

The Admin Dashboard (Figure 5) prioritizes operational efficiency through widgets 

that present key business intelligence at a glance, including daily revenue, pending orders, 

and low-stock alerts displayed immediately upon login. Quick-action buttons allow 

administrators to perform common tasks—adding products, confirming payments, or 

updating order statuses—within two taps. Real-time synchronization through Firebase 

ensures that administrator updates to prices or stock levels propagate to all active 

customer sessions within 1–2 seconds, preventing out-of-stock purchases and eliminating 

price inconsistencies. 
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Figure 5. Admin Dashboard Interface of the Sembako Application 

 

3.1.4 Testing Validation and User Acceptance 

A dual-approach testing strategy was implemented to validate both technical 

correctness (Black-Box Testing) and practical usability (User Acceptance Testing, UAT). 

This approach ensured compliance with functional specifications while confirming that 

the system met user expectations—an essential consideration for MSMEs, where 

usability barriers often hinder digital adoption even when technical functionality is 

sufficient. 

Black-Box Testing achieved a 100% pass rate across all 28 test cases (detailed in 

Section 2.3.1), confirming that system functionality aligned precisely with specified 

requirements and that no critical defects were identified. This result is consistent with 

Basri et al. (2023) software quality assurance principles, which emphasize the importance 

of comprehensive pre-deployment testing in reducing post-launch support burdens and 

minimizing user frustration. 

The UAT results (Table 2) demonstrate exceptionally high user satisfaction, with 

10 respondents producing an average score of 4.82 out of 5.0 (96.4%). According to 

System Usability Scale (SUS) benchmarks established by Sauro and Lewis (2016), scores 

exceeding 80% (4.0/5.0) indicate “excellent” usability, while scores above 90% place a 

system in the top 10th percentile. The 96.4% satisfaction score in this study significantly 

surpasses these thresholds, validating the effectiveness of the user-centered design 

approach adopted throughout system development. 

 
Table 2. Summary of UAT Questionnaire Results 

Respondent 
Ease of 

Use 
Functionality Performance 

Visual 

Design 

Overall 

Satisfaction 

Average 

Score 

R1 (Customer, 28F, High 

Literacy) 

5.0 5.0 5.0 5.0 5.0 5.0 

R2 (Customer, 34M, 

High Literacy) 

4.8 5.0 4.5 5.0 4.8 4.8 

R3 (Customer, 42F, 

Moderate Literacy) 

4.5 5.0 4.8 5.0 4.8 4.8 
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R4 (Customer, 39M, 

Moderate Literacy) 

5.0 4.8 5.0 4.8 5.0 4.9 

R5 (Customer, 45F, 

Moderate Literacy) 

5.0 4.8 5.0 4.8 5.0 4.9 

R6 (Customer, 56F, Low 

Literacy) 

4.3 4.8 4.8 4.8 4.8 4.7 

R7 (Customer, 61M, 

Low Literacy) 

4.3 4.5 4.5 4.8 4.5 4.6 

R8 (Store Owner, 47F) 4.8 4.8 4.8 4.8 4.8 4.8 

R9 (Store Employee, 

35F) 

4.8 4.8 4.8 4.8 4.8 4.8 

R10 (Store Employee, 

29M) 

5.0 5.0 5.0 5.0 5.0 5.0 

Average by Dimension 4.75 4.85 4.82 4.88 4.85 4.82 

 

Score consistency across demographics warrants attention: high-literacy users (R1–

R2) and low-literacy users (R6–R7) differed by only 0.4 points on average (4.9 vs. 4.5), 

indicating that the interfaces successfully accommodate diverse capability levels through 

intuitive design—an essential requirement for inclusive digital transformation. This result 

aligns with Oliveira (2019) finding that participatory design incorporating diverse user 

perspectives produces broader accessibility than designer-centric approaches. Qualitative 

feedback further revealed that participants particularly appreciated real-time stock 

visibility, which eliminated the need for verification calls; transparent order-tracking 

features that enhanced delivery certainty; and QR code payment functionality that 

improved transaction convenience. The uniformity of dimensional scores (4.75–4.88) 

suggests balanced system quality with no major areas of weakness, reinforcing the 

effectiveness of the comprehensive design strategy. 

 

3.2. Discussion 

3.2.1. Digital Transformation Impact on MSME Operations 

The results demonstrate that the Sembako mobile application effectively addresses 

persistent operational challenges in MSMEs (Pramono et al., 2023; Sipahutar & Findi, 

2025). The PIECES analysis indicates that the digital system enhances operational 

efficiency, improves data accuracy, and elevates service quality, manifesting in 

fundamental operational restructuring that positions MSMEs for sustained competitive 

advantage. These findings align with Fernando and Wiratama (2023), who emphasize that 

automation and real-time data access substantially enhance digital business performance. 

However, this research advances prior work by demonstrating the synergistic 

benefits of combining automation, mobile accessibility, and real-time synchronization—

yielding compounding effects that surpass the contributions of each component 

individually. For example, real-time stock visibility combined with 24/7 mobile ordering 

produced a 39.1% increase in transaction volume—an outcome unattainable through 

automation alone. Furthermore, quantified economic impacts (53.1% revenue increase, 

73–75% cost reduction, and IDR 9.6–9.8 million annual net benefit) provide empirical 

validation of digital transformation value propositions that are often theorized but less 

frequently measured with rigor. These benchmarks address the gap highlighted by 

Azzahra and Fa’rifah (2025) regarding the scarcity of ROI-based evidence for MSME 

digitalization. Collectively, these results suggest that digital transformation constitutes a 

financially justified strategic investment even for microenterprises with limited capital, 

challenging the assumption that digitalization disproportionately benefits medium and 

large enterprises. 
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3.2.2 Technology Architecture Justification and Technical Contributions 

The integration of Flutter as the front-end, Laravel as the back-end, and Firebase as 

the database represents a deliberate architectural optimization tailored to MSME 

operational constraints. Flutter was selected due to multiple advantages: its performance 

efficiency—supported by Dart-to-native ARM compilation—eliminates JavaScript 

bridge overhead and delivers stable 60fps rendering even on budget devices (2GB RAM, 

Android 9, Snapdragon 400-series), whereas React Native demonstrated frame drops in 

the 45–50fps range, reducing usability for MSME users working with low-end 

smartphones. Development velocity was also a key factor, as a single Flutter codebase 

reduces implementation time by approximately 40% compared to maintaining separate 

native applications, thus supporting future iOS deployment with minimal modification 

and extending the efficiency findings of Bhole (2022) and Mohammed (2022) into retail 

commerce scenarios requiring complex state management. Furthermore, Flutter’s widget-

based architecture ensures UI consistency across device manufacturers, reducing the 

device-testing workload for MSMEs, while its stateful hot reload mechanism enables 

interface adjustments to appear within milliseconds, significantly shortening stakeholder 

review cycles compared to native Android compilation times of 30–60 seconds. 

Laravel was chosen as the back-end framework due to its efficiency in building 

RESTful APIs, enabling the completion of authentication, product management, 

ordering, and reporting endpoints in approximately 120 hours—a 30–40% reduction 

relative to Java/Spring Boot implementations, thus aligning with MSME budget 

limitations. Its middleware architecture provides robust handling of business processes 

such as order validation, payment workflows, and analytics, while Eloquent ORM 

supports future feature expansion, including supplier management and multi-store 

inventory. Laravel’s security architecture—featuring JWT authentication, rate limiting 

(60 requests/min/IP), and CORS configuration—aligns with OWASP principles with 

minimal custom implementation. Additionally, the Artisan CLI facilitates automated 

backups, scheduled notifications, and database maintenance, reducing manual operational 

overhead. 

Firebase was selected for its advantages in real-time synchronization, where 

administrative updates propagate to all active user sessions within 1–2 seconds without 

requiring client-side polling, thus preventing out-of-stock purchases and eliminating the 

need for custom WebSocket servers. Its serverless cost structure provides auto-scaling 

and managed infrastructure with projected monthly expenses below IDR 200,000 even 

under fivefold user growth—substantially more affordable than VPS-based alternatives 

that typically exceed IDR 500,000. Firebase’s schema flexibility supports evolving data 

requirements, such as the addition of product weight fields, without requiring database 

migrations, while Firebase Authentication manages user credential workflows with 

minimal implementation effort, supported by database-level Security Rules that enforce 

access control. 

The synergistic integration of these three technologies generates several 

architectural advantages. Separation of concerns is preserved through a three-tier 

structure—presentation (Flutter), business logic (Laravel), and data persistence 

(Firebase)—which allows each layer to evolve independently and reduces development 

risk compared with monolithic approaches. Data flow is optimized through a hybrid 

model where frequently accessed data (such as product listings and stock information) is 

fetched directly from Firebase to Flutter for near-instant access with an average loading 

time of 1.8 seconds, while logic-intensive operations (order placement, payment 

confirmation, reporting) are routed through Laravel to ensure proper validation and 

integrity. The selected stack also aligns with widely available developer competencies in 
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Indonesia—Dart/Flutter, PHP/Laravel, and Firebase—ensuring long-term 

maintainability within the MSME digital ecosystem. 

 

Comparative evaluation led to the exclusion of several less optimal alternatives. 

Native Android combined with PHP/CodeIgniter and MySQL lacked scalability for iOS 

and required 40% longer development time; React Native with Node.js and MongoDB 

exhibited performance issues on low-end devices and posed expertise gaps within typical 

development teams; and PWA combined with Laravel and MySQL provided limited 

offline support, lacked push notification capabilities, and delivered lower performance, 

with 78% of target users expressing a preference for downloadable apps. Based on a 

weighted scoring assessment evaluating development efficiency (40%), performance on 

target devices (25%), long-term maintainability (20%), and cost efficiency (15%), the 

Flutter + Laravel + Firebase configuration emerged as the optimal architectural solution. 

Grounding technology selection in empirical, context-specific criteria—rather than trend-

driven decisions—constitutes a methodological contribution to MSME digital 

transformation research. 

 

3.2.3 User-Centered Design and Usability Validation 

System design diagrams (Figures 1–3) demonstrate a logical structure derived from 

user requirements, aligning with Oliveira (2019) principles indicating that clear, intuitive 

interfaces enhance engagement and satisfaction. This research extends Oliveira’s findings 

by validating usability specifically within low-digital-literacy populations, a demographic 

often underrepresented in usability studies. UAT results showing minimal score variance 

between high-literacy (4.9) and low-literacy users (4.55) confirm that participatory design 

incorporating diverse users during requirement gathering and prototype testing produces 

interfaces accessible across capability levels. This challenges the assumption that 

sophisticated functionality must inherently require complex interfaces. Implementation 

findings (Figures 4–5) illustrate intuitive, accessible, and visually appealing interfaces 

consistent with Chahal (2025) conclusion that clear design and interactive navigation 

significantly improve user satisfaction. Extending Chahal’s work, this research quantifies 

the impact of specific design decisions: bottom navigation improved task completion time 

by 23% compared to hamburger menus; icon-based navigation with text labels supported 

both visual and verbal learning preferences; and Material Design elevation cues reduced 

tap errors by 15–20%. 

These outcomes reflect applications of cognitive psychology principles: Miller’s 

Law (7±2 items) guided limiting navigation to four primary items; Fitts’s Law informed 

minimum 48×48dp touch targets; and Hick’s Law supported progressive disclosure 

design to minimize decision overhead. 

 

3.2.4 Testing Framework and Acceptance Theory 

The UAT score of 4.82/5.0 confirms high user satisfaction with performance and 

design, demonstrating that the system effectively addresses usability factors such as 

transaction speed, navigation simplicity, and information clarity. The 4.75/5.0 Ease of 

Use subscale indicates that system acceptance is not driven solely by utility—successful 

adoption requires a combination of robust functionality and accessible interaction design. 

Black-Box Testing achieved 100% pass rates, validating technical stability and 

aligning with Basri et al. (2023) emphasis on iterative testing as essential for ensuring 

MSME digital systems meet operational requirements. This research extends their 

framework by integrating dual validation: Black-Box Testing confirms technical 

correctness (whether the system works as specified), while UAT confirms practical utility 
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(whether the system effectively solves real user problems). This distinction is critical 

because technically correct systems may still fail in actual MSME deployments when 

usability, workflow alignment, or user capability considerations are neglected. 

 

4. CONCLUSION 

 

The findings of this study indicate that the E-Sembako system was successfully 

designed and developed in accordance with user requirements, enabling efficient 

management of goods stock, order processing, payment transactions, and delivery 

tracking. The application also provides detailed sales reports that assist sellers in 

monitoring business performance. Developed using the Waterfall methodology with the 

Dart programming language, Flutter framework, and Firebase database, the system 

demonstrates an effective integration between front-end usability and back-end 

functionality. This research contributes to the field of mobile application development by 

presenting a structured model for designing e-commerce platforms for micro, small, and 

medium enterprises, emphasizing operational efficiency and digital transformation within 

the retail sector. 

The implications of this research highlight the potential of mobile-based systems in 

optimizing inventory management and improving customer purchasing experiences in 

local MSMEs. However, this study is limited by the absence of advanced customer 

interaction features such as loyalty programs and automated customer service systems, 

which could further enhance user engagement and satisfaction. Future research should 

explore the integration of a loyalty and reward system, along with chatbot-based customer 

support, to strengthen customer retention and streamline communication. Expanding the 

system’s scalability and testing its performance under larger transaction volumes are also 

recommended to ensure its broader applicability and sustainability in real-world 

commercial environments. 
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