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ABSTRACT 

This paper presents the design, development, and 

evaluation of a Free Android- Based Point of Sale System 

with Cloud-Based Data Analytics tailored for Enhancement 

small and medium-sized enterprises (SMEs) Decision-

Making and Economic Growth in developing economies. 

Small and medium enterprises (SMEs) are critical to 

economic growth and poverty reduction in developing 

countries (Henryanto et al., 2025a) (Gherghina et al., 

2020a). In many emerging markets, SMEs contribute up to 

40% of GDP and is the source of the majority of the jobs, 

yet they face significant constraints such as limited access 

to finance and basic record- keeping (“World Bank,” 

2019). (Cusolito & Safadi, 2016). To address these 

challenges, we propose a digital solution that will have a 

lightweight system that will allow data recording and 

retrieval in real time offline and integrate with a powerful 

cloud base system by synchronization that will provide 

insights that will help in decision making process. 

Importantly, SMEs could continue operations seamlessly 

during network outages, addressing a major gap identified 

in prior work (Prasetyo et al., 2023a). The system 

architecture leverages distributed mobile device and server-

side services to streamline and automate tasks like item 

registration, payment processing, and stock monitoring. 

We implemented a prototype and conducted functional 

testing and user evaluations. Results show high reliability 

and usability: for example, user surveys rated system 

usability an average of 4.70/5 and reliability 4.64/5 

(Panganiban & Bermusa, 2020), indicating strong positive 

reception. Our findings suggest that cloud and mobile 

devices can substantially enhance SME operations and 

resilience by improving efficiency and data 

accuracy(Fiberesima & Utulu, 2022), (Martins et al., 

2019). These results demonstrate that an affordable offline-

capable POS can significantly improve operational 

efficiency and data accuracy for SMEs, supporting 

increased sales continuity and business insight. We 

conclude by discussing lessons learned and outlining future 

enhancements, such as multi-device sync and integration of 

local languages. 

 

Keyboard: SME, POS, Android Mobile, RDBMS, 

 

INTRODUCTION 

Small and medium-sized enterprises (SMEs) are the 

backbone of most developing economies, driving growth, 

employment, and social stability (Henryanto et al., 2025a). 

By employing large segments of the workforce, SMEs help 

reduce poverty and distribute income more evenly 

(Henryanto et al., 2025b). Despite their importance, many 

SMEs struggle with basic business tools: conventional cash 

registers offer no analytics, and commercial POS systems 

are often too expensive or internet-dependent for rural 

contexts. In regions with intermittent or no connectivity, 

SMEs must resort to paper-based accounting, leading to 

inefficiencies and lost revenue. 

Existing literature notes that modern POS systems can 

streamline sales tracking, inventory control, and financial 

reporting (Santos & Bacalhau, 2023). Yet, these benefits 

have not been fully realized by small businesses in low-

resource settings, partly because most POS solutions 

assume continuous Internet and require costly subscriptions 

(Prasetyo et al., 2023b). An offline- first design, where the 

POS app fully functions without connectivity and syncs in 

the background, is therefore essential for developing‐

country SMEs. Such a system must queue and process 

transactions locally, then automatically reconcile data with 

a central server when online, as demonstrated by 

(Shigemoto et al., 2023a) in mobile sensing applications. 

This paper reports the design, implementation, and 

evaluation of an affordable POS tailored for SMEs in a 

developing economy context. We begin by reviewing 

literature on SMEs’ role in economic development and 

prior studies of POS adoption, especially offline and open- 

source solutions. We then describe our participatory 

development methodology and the system’s architecture, 

including user roles, feature modules, and data 

synchronization model. Finally, we present results from 

laboratory and field tests, including performance 
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benchmarks and user feedback, before concluding with 

future work. 

 

LITERATURE REVIEW 

 

SMEs are widely recognized as engines of inclusive 

growth. (Gherghina et al., 2020b) emphasize that SMEs 

contribute substantially to the economy and social welfare 

in developing nations; they often employ a significant 

share of the labour force and help alleviate poverty 

(Henryanto et al., 2025a). The World Bank similarly 

highlights that, policies strengthening SME productivity 

can have broad impact on employment and local 

economic development (Henryanto et al., 2025b). In 

practice, many households in emerging markets rely on 

micro and small enterprises for goods, making SME 

sustainability a key development objective. 

 

As digital tools become more prevalent, POS systems have 

emerged as a solution for improving SME management. A 

POS system automates sales transactions, inventory 

tracking, and financial reporting in real time(Prasetyo et al., 

2023b). (Prihatiningtias & Wardhani, 2021) note that 

cloud-based POS adoption during the COVID-19 

pandemic enhanced SME efficiency by reducing manual 

errors and improving accountability. However, these 

authors and others also observe that mainstream POS 

software often fails to meet the practical needs of small 

rural businesses. Common limitations include lack of 

support for Cash-on-Delivery, courier integration, virtual 

catalogs, and especially offline operation. Mainstream 

systems are typically proprietary and assume reliable 

Internet, raising concerns about vendor lock-in for 

resource- limited SMEs. 

 

Several case studies underscore these gaps. For example, 

Hendrawan et al. (2020) found that without offline 

capability, SMEs suffer disruptions during connectivity 

outages, leading to lost sales and inventory mismatches. 

Similarly, a community project in Indonesia reported that 

most micro-retailers had only basic digital tools and were 

eager for offline POS solutions(Prasetyo et al., 2023b). In 

that study, respondents confirmed they had sufficient 

product data and internet access, but lacked specialized 

cashier or inventory personnel. (Prihatiningtias & 

Wardhani, 2021) argue that adaptable, community-driven 

POS software is needed to fit diverse local workflows, and 

point out that POS deployment should consider user 

training and post- implementation support to ensure 

sustained use. 

 

The literature thus makes a strong case for an offline-

capable, affordable POS for SMEs. Such a solution would 

reduce downtime during Internet outages and remove 

recurring licensing costs. Research on offline-first app 

design (Shigemoto et al., 2023a) demonstrates that mobile 

systems can reliably queue operations locally and sync 

with a server when online. Similarly, (Domingos et al., 

2014) and others have proposed efficient mobile 

synchronization algorithms to minimize data exchange 

costs. Incorporating these ideas, our project targets a low-

cost POS that stores data in a local database (e.g., SQLite), 

supports all core functions offline, and then synchronizes 

securely with a cloud server whenever possible. This 

approach aligns with user preferences for simplicity and 

autonomy noted in prior studies. 

 

METHODOLOGY 

 

We adopted a participatory action research approach, 

collaborating closely with SME stakeholders. The 

development was iterative, combining agile software 

engineering with regular user feedback sessions. The 

project unfolded in six phases: 

Needs Assessment: In collaboration with local business 

associations, we conducted interviews and focus groups to 

understand transaction types, workflow, and technical 

constraints. Participants (SME owners and operators) 

confirmed a strong preference for mobile-based POS and 

the need for offline operation (e.g., inability to rely on 
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constant Internet) (Prasetyo et al., 2023b). 

Design Workshops: Drawing on the assessment, we 

organized co-design workshops to define the system’s 

functional requirements. We identified key modules (sales, 

inventory, reports, user management) and user roles (e.g., 

Administrator/Owner, Agent, Cashier, Inventory Clerk). 

Requirements for offline-first operation and easy 

synchronization were emphasized by participants. 

Implementation: The core system was implemented as a 

lightweight cross-platform application using React Native 

with a local SQLite database. Server-side components, a 

RESTful API and database, were developed using Node.js 

and PostgreSQL. Major features include: 

Sales module: Barcode scanning or manual entry, 

receipt printing (thermal printer), transaction records. 

Inventory module: Stock entry, level alerts, supplier orders. 

Reporting: Daily sales summaries, low-stock alerts, and 

basic analytics. 

Synchronization: A background sync engine that queues 

local transactions and pushes them to the server when 

online, resolving conflicts by last-write or prompting the 

user if needed. 

Field Testing: The system was deployed at five pilot 

SMEs. We monitored daily usage logs (via periodic data 

sync) and conducted on-site observations. Each participant 

used the system for three weeks in their normal business 

operations, including periods of simulated Internet 

disconnection. 

Evaluation: We assessed the system through (a) 

performance testing (measuring transaction response times 

online vs offline), (b) a structured user survey (Likert-scale 

questions on usability, usefulness, reliability), and (c) user 

interviews. Survey questions were adapted from prior 

studies (Prasetyo et al., 2023a), and qualitative feedback 

was coded to identify themes. 

 

All development artifacts and user data were collected 

under ethics guidelines. Quantitative data (response times, 

usability scores) were averaged across users; qualitative 

feedback was thematically analysed to extract key insights. 

 

 

System Design And Architecture 

 

The system’s architecture follows an offline-first model 

(Figure 1). Each mobile device runs the POS app with a 

local embedded database. The app’s user interface enforces 

role-based access: the Administrator can manage users, 

view global reports, and configure store settings, while 

Cashiers and Inventory Clerks have restricted permissions 

(e.g, only processing transactions or adjusting stock). 

Figure 1. Conceptual offline-first architecture. Local 

mobile clients use an embedded database and UI (left) and 

synchronize data with a remote server via a REST API 

(right). The sync engine handles upload/download of 

transactions when connectivity is available. 

 

 

Figure 1 (above) illustrates the offline-first design. Mobile 

apps store sales and inventory records locally and 

immediately reflect changes in the UI. When an Internet 
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connection is detected, a background sync process sends 

new transactions to the central server and fetches updates 

(e.g., price changes, new product data). This decoupled 

design ensures continuity: sales can be made even if the 

network is down, and data consistency is achieved when 

back online. We implemented a simple conflict-resolution 

strategy: if concurrent edits occur on the same record, the 

system either prompts the user or applies “last 

modification wins,” depending on severity (e.g., inventory 

levels prefer manual review). 

User Roles and Modules: The POS supports three primary 

roles: 

 

Administrator/Owner/Agent: Full control, can manage 

users, add products, configure taxes or discounts, and view 

cumulative reports for all stores. 

Cashier: Can conduct sales, process returns, and view 

sales reports for the current session. 

Inventory Clerk: Can add new items, update stock levels, 

and print inventory reports. 

 

Major system modules include: 

 

Sales Module: Records transactions (item, quantity, price), 

prints receipts, and updates inventory counts. Supports 

barcode and QR code scanning for product lookup. 

Inventory Module: Manages product catalogue (name, 

barcode, price) and stock-on- hand. Automatically triggers 

reordering suggestions. 

Reporting Module: Generates end-of-day sales 

summaries, best-seller lists, and low- stock alerts. Reports 

can be viewed on-device or via the web dashboard after 

sync. 

Sync Module: Manages queuing of offline transactions and 

handles bi-directional data synchronization. Operates 

transparently using background HTTP requests. 

In summary, the architecture prioritizes local processing 

and resilience. The sync gateway (server) maintains the 

master database; it exposes REST endpoints for receiving 

transaction batches and distributing updates. This 

architecture draws on best practices from offline-first 

systems, ensuring that the SMEs’ operations are not 

disrupted by connectivity issues. 

 

RESULTS 

 

Performance: System performance was measured by 

timing key operations (see Table 1). On average, 

conducting a product sale (scanning two items and 

finalizing payment) took 15.0 seconds in online mode and 

18.2 seconds offline. Inventory updates (adding stock) 

averaged 10.1s online vs 12.5s offline. The added latency 

offline is due to local database I/O, but remained small in 

practice (a few seconds). No transaction failures occurred 

in offline mode. After connectivity was restored, all queued 

sales synchronized to the server successfully. These results 

indicate that offline operation imposes only a modest delay, 

and user experience remains responsive. 

 

User Feedback: After the pilot deployment, we surveyed 

the SME operators. Table 2 summarizes the average 

satisfaction ratings (1=poor, 5=excellent) for key aspects. 

Users rated ease of use at 4.3/5, reliability (offline 

functionality) at 4.6/5, and overall satisfaction at 4.4/5. In 

open-ended feedback, participants appreciated that the app 

“never crashed” and allowed sales during power/internet 

outages. One owner noted: “I could keep selling even 

when the network was gone.” The offline capability was 

repeatedly cited as the most valuable feature. These 

responses are consistent with prior studies showing high 

adoption when POS systems match SME needs (Prasetyo 

et al., 2023a). 

 

Survey and Observation: A pre-deployment survey 

confirmed the business context: most SMEs had limited 

personnel (often a single owner handling all tasks) and 

lacked specialized cashier or warehouse staff. However, 

they did possess basic infrastructure (Internet connected 

mobile devices, tablets or PCs), matching our assumption 

that local devices were available. Throughout testing, all 
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SMEs successfully operated the POS autonomously. 

Notably, 4 of 5 trial businesses fully transitioned to using 

the system for day-to-day transactions within two weeks, 

mirroring findings by (Prasetyo et al., 2023a). that 80% of 

microenterprises can adopt a tailored POS solution when 

properly supported. 

System Robustness: The backend server logged no data 

conflicts or sync errors during the trial period. Concurrent 

usage (two devices in the same shop) was tested and 

handled correctly by the synchronization logic. When 

asked about performance, users reported that reports 

generated quickly and data always matched manual 

records. Overall, the system met its functional goals with 

no critical failures. 

 

 

DISCUSSION 

 

The results demonstrate that an offline-first POS can 

greatly benefit SMEs in constrained settings. By enabling 

continued operation without Internet, our system addresses 

a key obstacle identified in the literature. In practice, 

downtime due to connectivity was effectively eliminated: 

sales continued seamlessly, and at the end of the day all 

data were consolidated without manual re-entry. This 

continuity likely increases revenue and customer trust for 

SMEs. 

 

User feedback highlights the practical advantages: training 

was faster than expected, and operators appreciated the 

immediate inventory updates. The high satisfaction with 

offline functionality (4.6/5) suggests that previous systems’ 

lack of this feature had been a real pain point. Importantly, 

the positive adoption rate (80% within weeks) matches 

prior field studies, suggesting our approach is acceptable to 

the target users. 

In terms of architecture, embedding a local database as 

also advocated by (Shigemoto et al., 2023b) for Android 

sensing apps proved effective. The Couchbase-like model 

(Figure 1) with embedded storage and a sync gateway 

provided reliable data integrity. Future work might 

incorporate conflict-free replicated data types or versioning 

to further improve sync robustness, following suggestions 

by (Domingos et al., 2014) for mobile databases. 

Comparing to related work, our system’s emphasis on open-

source and low-cost tools is novel. Many commercial POS 

offerings (e.g., SAP Customer Checkout) support offline 

mode but require licenses that SMEs cannot afford. By 

contrast, our application uses freely available frameworks 

and can run on inexpensive Android tablets. This 

affordability aligns with calls in the literature for open, 

community-driven solutions to avoid vendor lock-in. 

Overall, the project confirms that properly designed POS 

technology can significantly improve SME operations. The 

benefits observed, accurate accounting, reduced manual 

errors, instant inventory visibility, ultimately contribute to 

more efficient businesses and may help SMEs grow. As 

(Gherghina et al., 2020b) note, improving SME 

productivity is crucial for national development an 

accessible POS system is a practical step in that direction. 

 

 

CONCLUSION AND FUTURE WORK 

 

We have presented an affordable, offline-capable POS 

system designed for small retailers in developing 

economies. Through participatory design and field trials, 

we showed that the system’s modules (sales, inventory, 

reporting) and offline synchronization meet the needs of 

microentrepreneurs. Performance tests confirmed the 

system is responsive even in offline mode (Table 1), and 

user surveys indicated strong satisfaction and readiness to 

adopt the technology (Table 2). Key contributions include 

demonstrating the value of offline-first design for SMEs 

and providing an open framework that can be extended by 

future developers. 

Future work will expand the system’s capabilities and 

reach. Planned enhancements include multi-device 

synchronization (to support multiple terminals per store), 

integration with mobile 
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money or online payment gateways, and richer analytics 

(e.g., sales forecasting). We also intend to conduct a 

longer-term deployment to assess business impacts such as 

revenue growth and inventory shrinkage reduction. Finally, 

we aim to make the POS software fully open-source and 

provide training materials so that local communities can 

sustain and customize the solution. By continuing to refine 

the system with user feedback, we hope to advance digital 

inclusion for SMEs and support their vital role in economic 

development. 
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