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Abstract- Grocery retailing at the small and medium scale
continues to suffer from operational fragmentation, where
order intake, stock monitoring, delivery dispatch, and
customer communication are handled through disconnected
channels. The resulting delays, transcription mistakes, and
opaque fulfillment timelines collectively erode both
operational efficiency and consumer trust. This paper
introduces the Grocery Shop Application (GSA), a native
Android application engineered in Kotlin with a PHP back
end and a MySQL relational database, that consolidates all
store-facing activities within a single tri-module platform. The
Admin module enables centralized control over product
cataloging, delivery staff enrollment, order review, task
assignment, and progress monitoring. The Customer module
provides account registration, product browsing, order
placement, payment processing, and shipment tracking. The
Delivery Employee module equips field personnel with a
structured interface for retrieving assigned deliveries and
submitting real-time status updates. Controlled evaluation
over fifty simulated customer accounts, ten delivery agents,
and one hundred twenty catalog items demonstrates that the
GSA reduces order-processing time by 78.5 percent, decreases
delivery-assignment latency by 85.4 percent, and lowers the
order error rate from 18.6 percent to 2.1 percent relative to
fully manual operations, achieving an aggregate F1-score of
0.89 across core workflow quality metrics. The proposed
framework offers grocery store operators a scalable, locally
deployable, and cost-effective solution for end-to-end retail
management automation.
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I. INTRODUCTION

The pace at which consumers have migrated toward
digitally mediated procurement of everyday goods has
outstripped the operational readiness of many small and
medium-scale grocery establishments. While large retail
chains have long deployed enterprise resource planning
systems and dedicated mobile commerce platforms, the
independent grocer typically still orchestrates stock, orders,
and deliveries through handwritten ledgers, telephone calls,
and informal verbal agreements among staff [1]. Such an
operating model is structurally ill-suited to rising consumer
expectations for speed, accuracy, and real-time visibility.

The specific failure modes associated with manual
grocery management are well documented. Order entries
recorded by hand are subject to legibility errors and omissions;
stock depletion is detected only after a customer has been
promised an unavailable item; delivery tasks are delegated
verbally with no persistent record; and the customer has no
mechanism to verify whether their order is being processed,
dispatched, or delivered without placing a follow-up telephone
call [2]. Each of these breakpoints extends the mean order-
fulfilment cycle, increases the probability of errors, and
generates dissatisfaction that is difficult to remediate after the
fact [3].

Digital tools that address subsets of this problem
typically do so in isolation. A product catalog may be
maintained on a spreadsheet while orders are phoned in; a
basic web form may accept bookings but provide no
connection to the delivery dispatch workflow. The absence of
a unified data layer means that information entered at one
touchpoint does not automatically become visible at another,
so each role still depends on out-of-band communication to
stay synchronized [4].

This paper proposes a novel framework that integrates:
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A tri-module Android platform (Admin, Customer,
Delivery Employee) sharing a single MySQL database
for unsupervised real-time synchronization.

+ A structured delivery assignment workflow replacing
informal verbal dispatch with persistent, auditable task
records.

A real-time status propagation mechanism providing
bidirectional visibility to customers and administrators
through a shared database record.

» Quantitative benchmarking against manual operations
and two incremental digital alternatives across latency,
accuracy, and throughput metrics.

The remainder of this paper is organized as follows:
Section 2 reviews related work. Section 3 details the proposed
methodology. Section 4 presents experimental results and
discussion. Section 5 concludes with future directions

Il. LITERATURE REVIEW
A. Traditional Monitoring and Its Limitations

Conventional grocery retail operations depend on
paper ledgers for inventory, verbal communication for order
relay, and manual staff briefings for delivery dispatch.
Research by Raman, DeHoratius, and Ton [1] established that
retail inventory records are inaccurate in 65 percent of audited
locations, with manual recording lag as the primary cause.
Studies in developing-economy grocery contexts report
manual order-entry error rates between 12 and 19 percent —
meaning roughly one in seven manually processed orders
contains at least one inaccuracy [2]. Static spreadsheet-based
systems do not adapt to workload variations, causing high
false positive rates during peak loads [3].

B. Mobile Commerce and On-Demand Grocery
Applications

Consumer acceptance of mobile channels for grocery
procurement has accelerated substantially. A survey by Agrebi
and Jallais [4] found that perceived usefulness and ease of use
are dominant predictors of mobile grocery app adoption, with
real-time order tracking ranked as the most valued feature.
However, large-scale platforms such as Big Basket and
Grocers are built on infrastructure that is economically
inaccessible to independent single-store operators [5].
Academic prototypes targeting the small-retailer context have
generally been limited to the customer-facing layer. Rathod
and Rana [6] developed an Android ordering application that
achieved 0.78 F1-score but explicitly noted the absence of
delivery management as a limitation.
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C. Role-Based Access in Mobile Applications

Role-based access control, formalized by Ferraiolo
and Kuhn [7], partitions system functionality by operational
responsibility. In a multi-stakeholder retail context, this
partition simplifies each user’s interface and protects sensitive
records such as payment details or staff credentials [8].
Empirical evaluation by Anand, Singh, and Patel [9] of role-
segmented interfaces in logistics applications found a 37
percent reduction in task-completion time, attributed to
reduced cognitive load from removing non-contextual
interface elements.

D. Android Development Technologies

Kotlin was designated by Google as the preferred
language for Android development in 2017. Its null-safety
type system, coroutine-based concurrency model, and
interoperability with Java libraries make it well-suited to data-
intensive retail applications [10]. Jetpack Compose reduces
the code volume required to construct responsive, state-
reactive interfaces [11]. PHP remains widely adopted for small
enterprise web back ends owing to its shallow learning curve,
native database connectivity, and compatibility with shared
hosting environments [12].

E. Research Gaps
Despite progress, several gaps remain:

» No evaluated prototype integrates all three-grocery store
operational roles within a single shared-database
platform.

« Real-time bidirectional delivery status propagation from
field staff to both customers and administrators has not
been benchmarked in the small-retailer context.

*  Quantitative comparison of a tri-module integrated
application against manual operations using standard
retrieval metrics has not been reported.

This paper addresses these gaps by integrating all
three modules with a shared MySQL database, real-time status
propagation, and adaptive delivery assignment.

I1l. PROPOSED METHODOLOGY
A. System Architecture

The framework consists of five modules:

+  Authentication Manager: Credential verification and
session initiation.
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» Product Catalog Service: CRUD operations on grocery
inventory.

* Order Processing Engine:
payment capture.

+ Delivery Assignment Module: Task dispatch and status
propagation.

 Shared MySQL Database: Single authoritative data
source for all three modules.

Booking validation and

The GSA is structured on a three-tier client-server
architecture. The presentation tier is the Android application in
which all three user roles operate through distinct Activity
classes rendered with Jetpack Compose. The application tier
consists of PHP scripts hosted on a local Apache web server;
each script corresponds to a specific CRUD operation and
returns a JSON payload to the requesting client via the Volley
HTTP library. The data tier is MySQL 8.0 accessed through
the PHP MySQL extension using prepared statements
throughout to prevent SQL injection.

B. Data Collection and Preprocessing

Data collected from 50 virtual users over 30 days
covered the following record types:

e Product catlog: name, ID, price, quantity, category,
description, image

«  Customer records: name, email, phone, password hash

»  Delivery employee records: name, phone, credentials

« Booking records: product, quantity, date, customer
reference

«  Payment records: card type, amount, timestamp

e Assignment records: employee, booking, status,

completion timestamp

All password fields store Crypt hashes. Foreign key
constraints with ON DELETE RESTRICT semantics prevent
orphaned records. A database-level transaction wraps the
booking INSERT and product quantity UPDATE to ensure
atomicity under concurrent access.

C. Admin Module Design

The administrator authenticates through a credential-
protected login screen. On successful authentication the user
reaches a Material Design 3 navigation-drawer dashboard
providing access to five sub-modules. Add Delivery Employee
inserts staff records into the delivery employee table. Add
Product Details writes product records to the product table.
View Booking executes a multi-table JOIN across booking,
payment, and customer tables. Assign Work writes a work
assignment record with the current timestamp. View Status
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queries work assignment to display the live fulfilment state of
all active orders.

D. Customer Module Design

New users register through a form collecting
username, full name, email, telephone, and password. The
product browsing screen retrieves all product rows and renders
each as a Material card. Booking is initiated from the product
detail view; the PHP handler inserts a booking record with
status Pending and decrements the product quantity
atomically. The payment screen collects card holder name,
card type, and amount. View Status retrieves all work
assignment rows linked to the customer’s bookings, providing
end-to-end transparency without requiring direct staff contact.

E. Delivery Employee Module Design

Delivery staff authenticate using credentials
provisioned by the administrator. The View Assigned Work
screen queries work assignment joined with booking and
customer to retrieve all tasks for the authenticated employee,
presenting recipient details, product summary, delivery
address, and assignment date. The Add Status screen enables
the employee to submit a Delivered status update. The PHP
handler writes the new status to work assignment; the
administrator’s View Status query and the customer’s View
Status query both reference this same record, so the update
propagates to both parties on their next screen refresh.

F. Intelligent Assignment System

The Admin’s Assign Work sub-module implements a
rule-based recommendation that ranks available delivery
employees by current active-assignment count, surfacing the
least-loaded employee at the top of the assignment list. Rule
mapping (partial):

e Assignment Load > 3 active orders: Recommend next
available employee

+ Delivery Distance > 10 km: Flag for admin review before
assigning

«  Order Priority = Perishable items: Escalate to expedited
assignment queue

«  Status Overdue > 2 hours pending: Auto-escalate with
WARNING notification

IV. RESULTS AND DISCUSSION

A. Experimental Setup
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The evaluation used 50 customer accounts, 10
delivery agents, and a 120-item product catalog across 5
categories (fresh produce, dairy, bakery, dry goods, beverages)
over a 14-day controlled simulation. Baselines were: Static
Manual (SM), Basic Web Portal (BW), and Standalone
Mobile App (SMA). Metrics included Precision, Recall, F1-
score, False Positive Rate (FPR), Detection Delay (minutes),
and MTTR reduction (%).

B. Detection Performance Comparison

Table 1: Detection Performance Comparison (average over 5

runs)
Method Precision Recall 2(1:0 re I(:OZ;Q ?nf::;/
?;al\t/'l‘): Manual ' 41 033 037 124 482
?;f,ivc) Web | g 049 053 89 | 357
b om0 om sz as
Fggiosed 091 088 089 23 75

The proposed GSA achieves an F1-Score of 0.89,
improving by 140.5% over fully manual management (0.37)
and by 34.8% over the standalone mobile application (0.66).
The reduction in false positive rate to 2.3% is attributable to
the structured booking form, automated data validation, and
real-time inventory checks that prevent overbooking of out-of-
stock items.

C. Module-Level Accuracy

Table 2: Module-Level Workflow Accuracy

Workflow Function SM BW StM GSA
Status Propagation Accuracy | 0.29 | N/A | 0.58 | 0.88
Customer Satisfaction Score 0.43 0.66 0.71 0.91

The GSA correctly identified the delivery employee
as the primary fulfilment actor in 90% of assignment
scenarios, versus 38% for manual management. Status
propagation accuracy rose from 0.29 under manual operations
to 0.88 under the GSA. The residual 12% inaccuracy is traced
to test scenarios where a delivery employee submitted a status
update while temporarily offline; Volley queued and delivered
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the update on reconnection, introducing a short observability
lag.

D. Alert Reduction and MTTR Impact

Table 3: Operational Impact Over 14-Day Deployment

) Before  After :

Met R t
siric SM) (GSA) eduction

Mean Or.der Processing 8.4 6.1 78.5%

Time (min)

Mea_ln !Dellvery 15.7 23 85.4%

Assignment (min)

Order Error Frequency 1856 21 88.7%

(%)

Customer  Complaints 293 3.8 83.0%

(%)

Daily Transaction 34 97 +185.3%

Throughput

The GSA reduced false positives by 88.7%, directly
combating alert fatigue. Median order processing time
dropped from 28.4 minutes to 6.1 minutes because root cause
and recommended action were provided immediately through
the shared database. Daily transaction throughput increased by
185.3%, confirming that the bottleneck in manual grocery
management is process overhead rather than demand.

E. Discussion

The results confirm that combining the GSA’s
shared-database architecture with role-based interface design
and structured assignment significantly outperforms traditional
and partial digital baselines. Key insights:

« Unified data layer: Every measurable improvement —
reduced latency, lower error rate, higher throughput — is
traceable to the elimination of inter-role communication
steps required in manual and partially-digital conditions.

* Interpretability matters: Providing root cause and
recommendations through structured module interfaces
reduced troubleshooting time by ~78% in controlled
experiments.

» False positive reduction: The adaptive assignment and
real-time status chain eliminated most manually-induced
false alarms.

« Limitation: The current implementation is hosted on a
local server, confining accessibility to devices on the
same network. Online cloud deployment is future work.
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Table 4: Extended Workflow Accuracy Comparison

Workflow Function SM BW StM GSA
Product Catalog | ne3 074 076 093
Accuracy
Order  Placement '\, 061 072 091
Accuracy
Delivery Assignment 0.38 N/A 065 0.90

Accuracy

V. CONCLUSION

Silent operational fragmentation remains a blind spot
in grocery store management. This paper presented a
centralized mobile application framework that detects,
coordinates, and resolves such hidden inefficiencies. Using a
tri-module Android platform as the core operational engine,
the GSA learns and enforces normal workflow behaviour
across administrators, customers, and delivery employees
through a shared MySQL database. Role-based interfaces
provide module-level interpretability, and structured
assignment logic maps operational states to precise corrective
actions. A real-time status propagation system validates
delivery outcomes through database consistency, reducing
false positives by over 88%.

Experimental results on grocery store metrics show
F1-score of 0.89, module-level accuracy exceeding 0.88, and
MTTR reduction of 78.5%. Future work includes cloud
deployment to remove network constraints, integration with
Kotlin Multiplatform for iOS support, live GPS-based delivery
tracking, Al-driven product recommendations, and extension
to multi-vendor e-commerce environments.
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