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Introduction

Data management is a crucial element in the healthcare industry, particularly for pharmacies, where managing stock, prescriptions, supplier relationships, and customer data is vital for accurate operations. Poor data handling often results in errors, delays, and even safety hazards for patients. In light of these challenges, this report presents the design and implementation of a relational database system for MediLink Pharmacy, aimed at streamlining daily operations through Microsoft Access.

1.The main goal of the database solution is to automate several manual processes, such as stock control, supplier management, prescription handling, sales processing, and generating comprehensive reports. The implementation of this database not only improves the overall accuracy of the pharmacy’s operations but also enhances governance and scalability, which is essential for future growth.

2.Scenario Overview
MediLink Pharmacy, like many small healthcare businesses, previously relied on paper-based records and spreadsheets to manage their inventory, supplier relationships, prescriptions, and sales. This method often led to stock discrepancies, delayed reporting, and difficulty in tracking expiry dates for medicines. These challenges frequently resulted in operational inefficiencies, such as delayed orders, incorrect stock levels, and missed opportunities for restocking or removing expired products.
The proposed database solution addresses these issues with a carefully structured schema, strict enforcement of relationships, and user-centric forms and reports. By transitioning to a digital, relational database, MediLink Pharmacy can expect improvements in both operational efficiency and data accuracy, leading to enhanced decision-making and better patient care.


3. System Requirements Analysis

3.1 Functional Requirements
The core functional requirements of the MediLink Pharmacy database system are as follows:
Medicines Management: The system must store and manage details of medicines, including their names, categories, prices, stock quantities, expiry dates, and their associated suppliers.
Supplier Management: The database must maintain records of suppliers, including their contact details and the medicines they supply.
Prescription Management: The database must store customer prescriptions, including medicine details, quantities, and customer-specific information.
Sales Processing: The system must record sales transactions, including details of the medicine sold, quantities, sale prices, and the customer making the purchase. It should also generate summaries of sales activity.

Stock Alerts and Expiry Tracking: 
The system must provide queries to alert users when stock is below the reorder level or when medicines are nearing or have passed their expiry date.

3.2 Non-functional Requirements
Non-functional requirements ensure the system operates smoothly and remains reliable:
Data Integrity: Referential constraints must be in place to ensure data consistency and prevent the entry of invalid records, such as sales without valid medicines or customers.
Ease of Use: The system must be user-friendly, with clear forms for data entry, navigation options, and validations to guide users. This will ensure that pharmacy staff, with varying levels of technical expertise, can operate the system effectively.
Security and Auditability: While the pharmacy is relatively small, there must be appropriate security measures in place to protect patient and transactional data. The system should also have auditing capabilities to track data changes and provide accountability.
Scalability: The database should be scalable to accommodate additional data entities, users, and reports as the pharmacy grows, ensuring the long-term sustainability of the solution.


4. Database Design

4.1 Entity Identification
The database design revolves around five core entities:
Suppliers: Stores information about the suppliers that provide medicines to the pharmacy.
Medicines: Holds data on medicines available for sale, including categories, prices, stock levels, and expiry dates.
Customers: Keeps track of customer information, including names, addresses, and prescription histories.
Prescriptions: Records details of prescriptions, including medicine names, quantities, and prescribed dosages.
Sales: Captures the transaction details of medicine purchases, including quantities, prices, and associated customers.
Each of these entities includes a primary key (e.g., SupplierID, MedicineID, CustomerID, etc.) and relevant attributes (e.g., medicine name, price, expiry date, etc.).

4.2 Entity Relationship Diagram (ERD)
The ERD establishes the relationships between the different entities. It enforces one-to-many relationships, such as:
A Supplier can supply many Medicines (one-to-many).
A Customer can have many Sales (one-to-many).
A Medicine can be part of many Sales (one-to-many).
A Customer can have multiple Prescriptions (one-to-many).

These relationships are enforced through foreign keys and ensure data integrity, meaning that every sale must refer to an existing medicine and customer.

4.3 Data Structure Development
The database schema employs AutoNumber as primary keys for unique identification, while foreign keys are used to establish relationships between tables. The following data types are used:
Currency: Used for prices and sales amounts.
Date/Time: Applied to expiry dates and prescription dates.
Short Text: Used for names, addresses, and other textual data.
Yes/No: Used for boolean flags (e.g., indicating whether a medicine is on sale).
Long Text: For additional notes (e.g., instructions on prescription).

4.4 Validation Rules
Each field is configured with validation rules to enforce data accuracy. For example, quantities cannot be negative, expiry dates must be future dates, and prices must be non-negative.


5. Normalisation to Third Normal Form (3NF)
The database schema adheres to the principles of normalisation, specifically Third Normal Form (3NF). The design process involved:
1NF (First Normal Form): Ensuring each table contains atomic values, with no repeating groups or arrays.
2NF (Second Normal Form): Removing partial dependencies, i.e., ensuring that every non-key attribute is fully dependent on the entire primary key.
3NF (Third Normal Form): Ensuring that no transitive dependencies exist, meaning that non-key attributes depend solely on the primary key.

This normalisation process eliminates data redundancy, reduces the potential for update anomalies, and ensures data integrity.

6. Database Implementation in Microsoft Access

6.1 Table Creation
Tables were created in Table Design View in Microsoft Access. Each table was assigned a primary key and relevant data types, with validation rules applied to ensure data integrity.

6.2 Table Relationships and Constraints
Referential integrity was enforced between tables using foreign keys. For example:
A medicine must reference a valid supplier.
A sale must reference an existing medicine and a customer.
These relationships ensure that data is consistent and prevents the creation of orphan records (records without valid references).

6.3 Sample Data Population
During testing, representative data was inserted into the tables to verify that forms, queries, and reports functioned as expected. This sample data helped simulate real-world usage scenarios and ensure the system's reliability.

6.4 Query Development
Several key queries were created:
Medicines Below Reorder Level: Identifies medicines that need restocking.
Expired Medicines: Flags medicines that have passed their expiry date.
Total Sales per Medicine: Aggregates total sales quantities for each medicine.
Sales by Customer (parameterised): Prompts the user for a Customer ID to review specific customer sales history.
These queries provide valuable insights into stock levels, sales trends, and expiry management.

6.5 Forms for User Interaction
User-friendly forms were created to simplify data entry. Forms include dropdowns for easy selection of data (e.g., suppliers, medicines), validation checks, and command buttons to facilitate record addition, saving, and navigation.

6.6 Reports for Management Analysis
Structured reports were designed to present summaries of stock levels and sales. These reports are printable and include features such as alternating row shading and clear headings for ease of reading.

6.7 Navigation Menu
A Navigation Form was developed to provide easy access to forms, queries, and reports. This form is configured to open automatically upon start-up, improving user experience by providing a central access point for all essential functions.

7. Validation and Testing
The database was thoroughly tested to ensure all constraints, validation rules, and relationships functioned as intended. Testing included verifying data integrity, checking query outputs, and ensuring the usability of forms and reports.


8. Reflection and Future Improvements

While the implementation of the relational database for MediLink Pharmacy successfully addresses the immediate operational requirements, there are several areas for potential improvement and future enhancement. Below, I will explore various strategies for extending the current system's functionality, focusing on integration, security, usability, and scalability. I will also critically analyse alternative solutions that could offer additional benefits.

1. Barcode Scanning Integration
Current Implementation:
Currently, stock intake is managed manually or through basic data entry. This method can be time-consuming, prone to errors, and inefficient, especially when dealing with large inventories or multiple stock entries. A manual system increases the likelihood of human error, particularly in the recording of stock quantities and expiry dates.

Proposed Improvement:
Integrating barcode scanning into the stock management process would automate inventory intake, reduce human error, and streamline stock updates. When new stock arrives, scanning the barcode would automatically populate fields such as the medicine name, price, supplier information, and stock quantity. This can significantly speed up the process of recording new medicines into the system and reduce discrepancies.
While barcode scanning would be highly beneficial for improving stock management, its implementation requires additional hardware (scanners or mobile devices) and software integration. Alternatives such as RFID (Radio Frequency Identification) could be considered for more advanced implementations. RFID offers advantages over traditional barcodes, such as the ability to scan items in bulk without line-of-sight, enabling more efficient stock tracking in larger, high-volume operations. However, RFID technology is more expensive and may not be justified for a small-scale pharmacy like MediLink. In contrast, a mobile app-based solution using smartphones as barcode scanners could serve as a cost-effective solution without requiring specialized equipment.

2. Role-Based Security
Current Implementation:
The database, as implemented, does not provide detailed role-based access control. This limits the ability to secure sensitive data, such as prescription details, customer information, or supplier contracts, from unauthorized access.

Proposed Improvement:
Implementing role-based security would allow the database to assign different access levels to users based on their roles within the pharmacy. For example, a pharmacist might have access to prescriptions and medicine details, while a sales associate could only access sales and inventory data. Furthermore, sensitive data, such as customer personal information and prescription details, would be protected by ensuring that only authorized staff can view or modify them.

Role-based security is a crucial improvement for any system dealing with sensitive data, and it ensures compliance with data protection laws, such as HIPAA (Health Insurance Portability and Accountability Act) in healthcare. However, an alternative or complementary solution could involve multi-factor authentication (MFA), which would require users to verify their identity through multiple steps (e.g., password and fingerprint scan). This would add an extra layer of security to the system, especially if remote access is needed. Implementing both role-based access controls and MFA would significantly enhance the system’s security. 

However, it’s important to balance security with usability, as overly complex authentication methods could slow down the workflow.

3. Advanced Dashboards and Analytics
Current Implementation:
The current system is equipped with basic reports that summarize stock levels, sales, and expired medicines. While these reports are useful, they lack real-time insights and advanced data visualizations that could aid decision-making.
Proposed Improvement:
Adding advanced dashboards would allow pharmacy staff and managers to view real-time information on key performance indicators (KPIs) such as stock levels, sales trends, expiry alerts, and supplier performance. For example, a dashboard could highlight items that are nearing their reorder levels, products approaching expiration dates, or sales data segmented by time periods (daily, weekly, monthly). Dashboards could also present visualisations such as pie charts, bar graphs, and trend lines to make the data more digestible and actionable.


The introduction of dashboards could be implemented within Microsoft Access itself using built-in tools like PivotTables or Charts, but a more sophisticated solution could involve integrating Power BI or another business intelligence tool with the database. Power BI offers a more flexible and visually appealing way of creating dashboards, with the added benefit of enabling dynamic, real-time updates. This would require some level of integration between Access and Power BI, which could increase complexity and maintenance requirements. However, the investment could lead to better insights and greater operational efficiency in the long term.

An alternative to dashboards could be the creation of more interactive reports with drill-down capabilities. While not as visually dynamic as a dashboard, this solution would provide a user-friendly way to navigate large datasets and focus on specific aspects of the business, such as sales or stock levels. This would be less resource-intensive than full-fledged BI integrations and could meet the needs of a small-scale pharmacy.

4. Sales Header/Detail Split
Current Implementation:
Currently, the Sales table stores all transaction data in a single table, which includes both the transaction header (e.g., sale date, customer ID) and the itemized details (e.g., medicine, quantity, price) within the same record. This can lead to issues with data integrity and scalability as the number of items in each sale increases.
Proposed Improvement:

A better approach would be to split the Sales table into two parts: one for the transaction header (storing general sale information such as customer details, sale date, total amount) and one for the details (storing individual items within each sale, including the medicine name, quantity, and price). This would reduce data redundancy and make it easier to manage sales transactions with multiple items.


9. Conclusion
The relational database developed for MediLink Pharmacy offers a well-structured and reliable solution for automating critical pharmacy operations. By transitioning from a manual to a digital system, MediLink Pharmacy has greatly improved data accuracy, operational efficiency, and decision-making capabilities. The database design adheres to the principles of normalisation, ensuring data integrity and minimizing redundancy. However, as the pharmacy grows, so too will the need for more advanced features that support scalability, security, and user-friendliness.
The future improvements outlined in this report, such as barcode scanning, role-based security, advanced dashboards, and the sales header/detail split, will all contribute to making the database a more robust, scalable, and user-centric solution. By critically evaluating the alternatives and considering the evolving needs of MediLink Pharmacy, these enhancements will position the database to accommodate future growth and more complex operational requirements.


Implementations using Microsoft Data Base:

Figure: 4.2 Entity Relationship Diagram (ERD)
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Figure 4.3 Data Structure Development
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Figure 6.1: Table Creation
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Figure 6.2 Table Relationships and Constraints
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Figure 6.4 Query Development

[image: ]


Figure 6.5 Forms for User Interaction
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Figure 6.7 Navigation Menu
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Medicine Entry Form
Pharmacy Database — Add7/ Edit Medicine Record

Medicine Name

Amoxicillin 500mg Capsules

Category
Antibiotic

Manufacturer
Pfizer

Batch Number
AMX500-B12

Prescription Required
 Yes

Notes

Standard adult dosage. Store in a cool, dry place.

Expiry Date
30/11/2027

Unit Price (£)
3.50

Quantity In Stock
25

Reorder Level
10

Stock Status
OK

Validation: Expiry date must be in the future; prices and quantities must be non-negative.
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Navigation Menu

Pharmacy Database — Main System Menu

Select an option to continue:

Manage Medicines

Manage Customers

Record Sales

View Reports

Navigation Form is set to auto-launch on database startup.
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Table Design View — Data Structure Development

Microsoft Access style

Medicines Suppliers Customers Sales
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MedicinelD MedicineName stock Price
1 Paracetamol 150 250
2 Ibuprofen 120 320
3 Amoxicillin 60 6.80
4 Cough Syrup 80 4.90
5 Vitamin D 95 5.20
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