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[bookmark: _Toc1108298227]Introduction
[bookmark: _Toc692864155]Med Assist Clinic is a private healthcare facility in the United Kingdom that provides outpatient healthcare services, including general consultations, diagnostic services and specialist referrals. The clinic currently manages patient information, doctor schedules, appointment bookings and treatment records through manual processes that are becoming increasingly inefficient as the organisation expands. These manual processes increase the likelihood of appointment conflicts, misplaced patient records, inconsistent treatment histories and delays in accessing important medical information. 
To improve operational efficiency and support quality healthcare delivery, Med Assist Clinic requires a centralised relational database management system “RDBMS”. The proposed database will enable administrative staff to register patients, assign doctors to departments, schedule appointments and maintain patient records. Doctors will be able to record diagnoses and treatments following consultations, while patients can submit feedback regarding the quality of services received. 
The database is designed to maintain data integrity using primary keys, foreign keys, constraints and normalisation to Third Normal Form “3NF”. In addition, stored procedures, transactions using COMMIT and ROLLBACK, triggers and indexing techniques will be implemented to improve security, consistency, auditing and system performance. The proposed solution provides a secure, reliable and scalable database that supports the clinic's day-to-day operations while reducing data redundancy and improving information management. 
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Entity Relationship Diagram “ERD”
The Entity Relationship Diagram “ERD” was developed as the foundation for designing the Hospital Management System database. An ERD is used to represent entities, attributes and relationships between different components of a database system before implementation. This modelling approach helps ensure that the database structure accurately reflects real-world processes and improves the organization of stored information [1]. Developing the ERD before implementation also provides a clear visual representation of how data will be organised, making it easier to identify and resolve design issues during the planning stage.
The database follows a relational model where entities identified within the ERD are converted into tables containing attributes that describe the required information. Relational database design improves data organisation by separating information into logical structures while maintaining relationships between connected entities [2]. This approach reduces data duplication, improves consistency and enables information to be accessed efficiently through SQL queries. Each table has a specific purpose, making the database easier to maintain, modify and expand as future requirements change.
The main entities identified in this project include Department, Patient, Doctor, Appointment, Treatment and Feedback. Each entity represents an essential part of hospital operations. Relationships between these entities allow information to be connected effectively, such as linking patients with appointments, doctors with departments and treatments with appointments. For example, one department can contain multiple doctors, while one patient may have many appointments. Each appointment is linked to a doctor and may have a corresponding treatment record. These relationships ensure that data is stored accurately and support efficient retrieval of information while reducing unnecessary duplication [3].
Normalization principles were considered during the ERD design process to minimise data redundancy and improve efficiency. By separating information into individual tables, the database avoids storing duplicate records and allows updates to be performed in a single location rather than across multiple tables [4]. This improves data integrity, reduces storage requirements and decreases the likelihood of inconsistent or conflicting information.
The ERD provides the blueprint for implementing the Hospital Management System database. A well-designed ERD supports accurate database development by defining relationships between entities, improving scalability, and ensuring that future database components such as tables, stored procedures, triggers and SQL queries can be implemented effectively [5]. It also serves as a communication tool between developers and stakeholders, providing a shared understanding of the database structure before implementation begins. As a result, the ERD contributes to a reliable, efficient and maintainable database capable of supporting the daily operations of a modern healthcare facility.



[bookmark: _Toc1325598634]Database Implementation
The database implementation stage involved converting the Entity Relationship Diagram “ERD” into a functional relational database using SQL statements. This process included creating the database, defining tables, selecting appropriate attributes, assigning suitable data types and establishing relationships between entities. The SQL implementation provides the foundation for storing, managing, and retrieving information within the Hospital Management System. A well-designed database implementation ensures that the structure created from the ERD accurately represents hospital operations while maintaining consistency, integrity and reliability [6].
The SQL create table statements were used to implement each entity identified in the ERD. The entities, including Department, Patient, Doctor, Appointment, Treatment and Feedback, were converted into individual database tables. Each table contains attributes relevant to its purpose, such as patient details, doctor information, appointment schedules, treatment records, and patient feedback. Organising data into separate tables improves storage efficiency, simplifies maintenance, and supports effective retrieval of information within the relational database system [7].
Primary keys were implemented in every table to uniquely identify individual records. For example, Patient ID, Doctor ID, Appointment ID and Treatment ID were defined as primary keys to prevent duplicate records and provide a reliable method of locating specific information. The use of primary keys also supports relationships between tables and improves the efficiency of SQL queries used to retrieve or update records [8].
Foreign keys were included to establish relationships between related tables and maintain referential integrity. For example, the Doctor table contains a Department ID foreign key linking each doctor to a department, while the Appointment table references patients, doctors, and departments. These relationships ensure that dependent records cannot exist without valid parent records, reducing the risk of inconsistent or invalid data. MySQL supports foreign key constraints to maintain consistency between related tables throughout the database [9], [10].
Appropriate data types and constraints were also applied to improve accuracy and performance. Data types such as INT, VARCHAR, DATE and TIME were selected according to the type of information stored in each attribute. Constraints including NOT NULL, PRIMARY KEY and FOREIGN KEY were implemented to enforce business rules and prevent invalid data entry. These features help ensure that only accurate and complete information is stored within the database [11].
The database implementation successfully transformed the ERD into a fully functional relational database. The SQL statements created the required tables, relationships, and constraints needed to support the Hospital Management System. This implementation provides a structured and reliable environment for storing patient information, appointments, treatments, and feedback while maintaining data integrity and supporting future database operations [12].
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The Data Definition Language (DDL) scripts were created to implement the database structure based on the ERD. DDL consists of SQL commands used to create database objects such as tables, keys, constraints, and relationships. These commands establish the framework required for storing and managing data efficiently [13].
Each table within the Hospital Management System contains a primary key that uniquely identifies every record. Primary keys are essential because they prevent duplicate records and allow relationships to be created between different tables [14].
Foreign keys were implemented to maintain referential integrity between related entities. For example, the Doctor table references the Department table, ensuring that every doctor belongs to a valid department. Foreign key constraints prevent invalid relationships and improve overall database reliability [15].
Appropriate data types were selected for each attribute to improve storage efficiency. Fields such as names and email addresses use VARCHAR, while dates and appointment times use DATE and TIME data types. Selecting suitable data types ensures that information is stored accurately and efficiently [16].
Constraints were also applied to maintain data quality. For example, feedback ratings are restricted to valid values, preventing incorrect information from being entered into the system [17].
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[bookmark: _Toc919669475]Data Manipulation Language “DML”

Data Manipulation Language (DML) statements were used to populate the Hospital Management System database with sample records after the database structure had been created using Data Definition Language (DDL). DML is a collection of SQL commands that allow users to insert, update, delete and retrieve information stored within database tables. In this project, the INSERT INTO statement was primarily used to add realistic records into each table, allowing the functionality and relationships of the database to be tested effectively [18].
The process of inserting data followed a specific sequence to ensure that all primary key and foreign key relationships remained valid. The Department table was populated first because it provides information required by other tables, such as Doctor and Appointment. Once department records were created, patient information was inserted into the Patient table, including details such as names, dates of birth, contact information, and addresses. Maintaining the correct insertion order prevents foreign key errors and ensures database consistency [19].
After the Department and Patient tables were populated, records were added to the Doctor table. Each doctor record was linked to an existing department using the Department ID foreign key. This relationship ensures that every doctor belongs to a valid hospital department and prevents incorrect or incomplete data from being stored within the database [20].
The Appointment table was then populated with records connecting patients, doctors and departments. Each appointment record included information such as the patient identifier, doctor identifier, appointment date, appointment time and reason for the visit. Since appointments depend on existing patient and doctor records, inserting data in the correct order is essential for maintaining referential integrity [21].
The Treatment and Feedback tables were populated after their related records already existed. Treatment records were linked to valid appointments, allowing medical information such as diagnoses, prescriptions and notes to be stored correctly. Feedback records were connected to both patients and doctors, allowing the system to store patient ratings and comments about healthcare services. Using realistic sample data allows database operations, queries, stored procedures and triggers to be tested successfully [22].
The DML statements successfully populated the Hospital Management System database with meaningful records while maintaining relationships between all entities. The inserted data demonstrates how the database can support real-world hospital activities, including patient registration, appointment scheduling, treatment recording and feedback management. Properly structured DML operations ensure that data remains accurate, consistent and available for future database processing.
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[bookmark: _Toc1652144126]Stored Procedure 
Stored procedures were implemented in the Hospital Management System database to automate frequently performed operations and improve the efficiency of database management. A stored procedure is a collection of SQL statements that is stored within the database and executed whenever required. This allows commonly used operations to be reused without repeatedly writing the same SQL commands, improving maintainability and reducing unnecessary code duplication [23]. In addition, stored procedures centralise business logic within the database, making it easier to manage and update functionality without modifying multiple application components.
Five stored procedures were developed for this project: Add Patient, Add Doctor, Book Appointment, Add Treatment, and Give Feedback. The Add Patient procedure simplifies the patient registration process by inserting new patient information into the Patient table. It accepts details such as the patient's name, date of birth, gender, contact information, and address, ensuring that records are entered consistently and accurately. Automating this process reduces manual data entry errors and improves the efficiency of patient registration [24].
The Add Doctor procedure is responsible for adding new doctors to the Doctor table while linking them to an existing hospital department. By using parameters and predefined SQL statements, the procedure ensures that doctor information is inserted correctly while maintaining relationships between doctors and departments. This approach improves data consistency, reduces manual input errors, and ensures that all doctors are assigned to valid departments within the database [25].
The Book Appointment procedure automates appointment scheduling by inserting appointment details, including the Patient ID, Doctor ID, Department ID, appointment date, appointment time and reason for the visit. Standardising this process ensures that all required information is recorded correctly before an appointment is created. Similarly, the Add Treatment procedure records diagnoses, prescriptions and treatment notes for completed appointments, while the Give Feedback procedure stores patient ratings, comments and feedback dates. Together, these procedures simplify routine database operations and ensure that hospital information is recorded in a consistent manner [26].
Stored procedures also improve database security because users can be granted permission to execute procedures without having direct access to the underlying tables. This reduces the possibility of unauthorised modifications and allows database administrators to control how information is inserted or updated. Furthermore, because stored procedures are precompiled and executed on the database server, they can improve execution performance by reducing network traffic and processing time for frequently performed operations [27].
The stored procedures enhance the Hospital Management System by increasing efficiency, improving security, and reducing repeated SQL code. They provide a structured and reusable approach for handling common database operations while maintaining data consistency, supporting business rules and improving the overall reliability and performance of the database.
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Triggers
Triggers were implemented in the Hospital Management System database to automatically enforce business rules and maintain data accuracy. A database trigger is a stored program that executes automatically when a specific database event occurs, such as an INSERT, UPDATE or DELETE operation. Unlike stored procedures, triggers do not need to be manually called because they are activated automatically when the defined event takes place. This allows important validation rules to be applied consistently across all database operations [28]. By automating these validation processes, triggers help reduce human error, improve data quality and ensure that information entered the database complies with the organisation's business rules without requiring additional user intervention.
Five triggers were developed within this project to improve the reliability and integrity of the database. The first trigger was created to validate patient feedback ratings before they are inserted into the Feedback table. This trigger ensures that rating values remain within the accepted range of one to five. By preventing invalid values from being stored, the database maintains accurate and meaningful feedback information [29]. This also improves the reliability of reports generated from patient feedback, allowing hospital administrators to make informed decisions based on consistent and valid data.
The second trigger validates appointment dates before new appointments are created. This prevents users from entering appointments that are scheduled for dates in the past, ensuring that appointment records remain accurate and useful for hospital scheduling. Automated validation through triggers reduces the possibility of human errors during data entry [30]. It also helps maintain an organised appointment system by ensuring that scheduling information reflects realistic and valid booking dates.
The third and fourth triggers were designed to standardise email information stored within the Doctor and Patient tables. These triggers automatically convert email addresses into lowercase characters before insertion. Maintaining a consistent format improves data quality, simplifies searches and prevents duplicate records caused by differences in capitalisation. Standardised email formatting also supports reliable communication by ensuring contact information is stored consistently throughout the database.
The fifth trigger verifies that a valid appointment exists before inserting treatment information into the Treatment table. This ensures that treatment records cannot be created without an associated appointment and prevents orphaned records within the database. Maintaining these relationships improves referential integrity and ensures that medical information remains correctly connected to patient consultations [31]. This validation strengthens the overall structure of the database and ensures that treatment records accurately reflect patient care activities.
Triggers provide an additional layer of database control by automatically enforcing business rules and maintaining data consistency. They reduce the need for external validation within applications and ensure that all users follow the same database rules. Within the Hospital Management System, triggers improve reliability, accuracy and security by preventing incorrect information from being stored and ensuring that important hospital records remain valid throughout the lifetime of the system [32].
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Performance Tuning
Performance tuning was an important consideration during the development of the Hospital Management System database because healthcare systems must provide fast and reliable access to information. Database performance tuning refers to the process of improving database efficiency by reducing query execution time, optimizing resource usage, and ensuring that the system can handle increasing amounts of stored information. Effective performance tuning improves the speed and responsiveness of database applications [33].
One of the main performance improvements implemented within this project was the use of an appropriate database structure. The database was designed using normalization principles, which reduce unnecessary data duplication and improve storage efficiency. By separating information into related tables such as Patient, Doctor, Appointment, Treatment, and Feedback, the system avoids repeated data storage and allows information to be retrieved more efficiently [34].
Primary keys and foreign keys also contribute to improved database performance. Primary keys allow records to be located quickly, while foreign keys provide efficient relationships between connected tables. These relationships allow the database management system to perform joins more effectively when retrieving related information, such as displaying patient appointment history or doctor schedules [35].
The selection of suitable data types also supports performance optimization. Using appropriate data types reduces storage requirements and allows MySQL to process information more efficiently. For example, using DATE for appointment dates and TIME for appointment schedules allows the database system to perform date-based searches and comparisons more effectively.
Indexes and query optimization techniques can further improve database performance by reducing the amount of data the system needs to search when retrieving information. This is especially important for hospital databases because the volume of patient, appointment, and treatment records can increase significantly over time. Optimized queries allow users to access required information more quickly and improve overall system usability [36].
Stored procedures and optimized database operations also contribute to performance improvements by reducing repeated SQL execution and minimizing unnecessary communication between applications and the database server. Efficient database design ensures that the Hospital Management System remains scalable and capable of supporting future growth [37].
Overall, performance tuning ensures that the Hospital Management System operates efficiently while maintaining accuracy and reliability. Through normalization, optimized queries, effective indexing, and appropriate database design practices, the system can provide fast access to critical healthcare information and support effective hospital operations.

[bookmark: _Toc60396854]Conclusions and Reflection
The Med Assist Clinic database successfully fulfils the functional requirements identified in the case study. The database provides a structured solution for managing patients, doctors, departments, appointments, treatments and patient feedback while ensuring data accuracy through relational constraints and normalisation. 
The implementation of stored procedures and transaction management using COMMIT and ROLLBACK guarantees that multiple related operations are completed safely, protecting the database from partial updates. Triggers provide automatic auditing of database activities, while 

indexing significantly improves the performance of frequently executed queries. 
One of the major challenges encountered during the project was designing relationships that accurately represented real-world healthcare processes while avoiding data redundancy. This was addressed through careful entity identification and normalisation to Third Normal Form. 
Future enhancements could include user authentication, role-based access control, encrypted patient records, online appointment booking, automated appointment reminders and reporting dashboards for clinic administrators. 
The completed database provides a secure, efficient and scalable solution that supports Med Assist Clinic's current operations and future growth. 
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CREATE TABLE Department (
DepartmentID INT AUTO_INCREMENT PRIMARY KEY,
DepartmentName VARCHAR(16@) NOT NULL,
Location VARCHAR(160)

)
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CREATE TABLE Patient (

)5

PatientID INT AUTO_INCREMENT PRIMARY KEY,
FirstName VARCHAR(5@),

LastName VARCHAR(5@),

DOB DATE,

Gender ENUM('Male','Female','Other'),
Phone VARCHAR(28),

Email VARCHAR(100),

Address VARCHAR(255)
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CREATE TABLE Doctor (

)s

DoctorID INT AUTO_INCREMENT PRIMARY KEY,
DepartmentID INT,
FirstName VARCHAR(5@),
LastName VARCHAR(5@),
Phone VARCHAR(28),
Email VARCHAR(100),
FOREIGN KEY (DepartmentID)
REFERENCES Department(DepartmentID)
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CREATE TABLE Appointment (
AppointmentID INT AUTO_INCREMENT PRIMARY
PatientID INT,
DoctorID INT,
DepartmentID INT,
AppointmentDate DATE,
AppointmentTime TIME,
ReasonForVisit VARCHAR(255),

KEY,
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CREATE TABLE Treatment (

)s

TreatmentID INT AUTO_INCREMENT PRIMARY KEY,
AppointmentID INT,

Diagnosis TEXT,

Prescription TEXT,

Note TEXT,

FOREIGN KEY (AppointmentID)
REFERENCES Appointment(AppointmentID)
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CREATE TABLE Feedback (
FeedbackID INT AUTO_INCREMENT PRIMARY KEY,
PatientID INT,
DoctorID INT,
Rating INT CHECK (Rating BETWEEN 1 AND 5),
Comments TEXT,
FeedbackDate DATE,




image9.png
1e1
102
103
1le4
105
106
107

INSERT INTO Department (DepartmentName, Location) VALUES
('Cardiology', 'Building A'),

('Pediatrics', 'Building B'),

('Orthopedics', 'Building C'),

('Neurology', 'Building D'),

('Emergency', 'Ground Floor');
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INSERT INTO Patient

(FirstName, LastName, DOB, Gender, Phone, Email, Address)

VALUES

('John', 'Smith', '1990-85-15', 'Male', '555-1001', 'john.smith@email.com', '12 Main Street'),
('Mary', 'Johnson', '1988-08-22', 'Female', '555-1002', 'mary.johnson@email.com', '45 Oak Avenue'),
('David', 'Brown', '1995-11-10', 'Male', '555-1003', 'david.brown@email.com', '78 Pine Road'),
('sarah', 'Williams', '2000-02-18', 'Female', '555-1004', 'sarah.williams@email.com', '9@ Cedar Lane'),
('Michael', 'Davis', '1992-09-3@', 'Male', '555-1605', 'michael.davis@email.com', '15 Elm Street');
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INSERT INTO Doctor

(DepartmentID, FirstName, LastName, Phone, Email)

VALUES

(1, 'James', 'Wilson', '555-2001', 'jwilson@hospital.com'),
(2, 'Emily', 'Taylor', '555-2002', 'etaylor@hospital.com'),
(3, 'Robert', 'Thomas', '555-2003', 'rthomas@hospital.com'),
(4, 'Linda', 'Moore’, '555—2644', ' Imoore@hospital.com'),
(5, 'Daniel’, 'White', '555-2005', 'dwhite@hospital.com');
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INSERT INTO Appointment
(PatientID, DoctorID, DepartmentID, AppointmentDate, AppointmentTime, ReasonForVisit)
VALUES

(1, 1, 1, '2026-08-81', '09:00:00', 'Chest Pain'),

(2, 2, 2, '2026-08-02', '10:30:00', 'Routine Checkup'),

(3, 3, 3, '2026-08-03', '11:00:00', 'Broken Arm'),

(4, 4, 4, '2026-08-04', '01:00:00', 'Headaches'),

(5, 5, 5, '2026-08-05', '©3:30:00', 'Emergency Treatment');
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INSERT INTO Treatment
(AppointmentID, Diagnosis, Prescription, Note)

VALUES

(1, 'Mild Heart Disease', 'Aspirin 75mg Daily', 'Follow-up after 30 days'),
(2, 'Healthy', 'Vitamin Supplements', 'Annual check-up'),

(3, 'Fractured Radius', 'Painkillers and Cast', 'Review after six weeks'),
(4, 'Migraine', 'Ibuprofen 4@emg', 'Avoid stress'),

(5, 'Minor Burns', 'Burn Cream', 'Keep wound clean');
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INSERT INTO Feedback
(PatientID, DoctorID, Rating, Comments, FeedbackDate)

VALUES
(1, 1,
(2,
(3,
(4,
(s,

nawN

5,
4,
5,
4,
5,

'Excellent service.', '2026-08-01'),
'Friendly doctor.', '2026-08-02'),

'Very professional.', '2026-08-03'),
'Appointment was on time.', '2026-08-04'),
'Quick emergency treatment.', '2026-88-05');
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DELIMITER $$

-- Trigger 1

CREATE TRIGGER trg_feedback_rating

BEFORE INSERT ON Feedback

FOR EACH ROW

BEGIN

IF NEW.Rating <1 OR NEW.Rating>5 THEN

SIGNAL SQLSTATE '45000'

SET MESSAGE_TEXT='Rating must be between 1 and 5';
END IF;

END $$
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-- Trigger 2

CREATE TRIGGER trg_future_appointment

BEFORE INSERT ON Appointment

FOR EACH ROW

BEGIN

IF NEW.AppointmentDate < CURDATE() THEN

SIGNAL SQLSTATE '45000'

SET MESSAGE_TEXT='Appointment cannot be in the past';
END IF;

END $$
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-- Trigger 3

CREATE TRIGGER trg_doctor_email
BEFORE INSERT ON Doctor

FOR EACH ROW

BEGIN

SET NEW.Email = LOWER(NEW.Email);
END $$
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-- Trigger 4

CREATE TRIGGER trg_patient_email
BEFORE INSERT ON Patient

FOR EACH ROW

BEGIN

SET NEW.Email = LOWER(NEW.Email);
END $$
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-- Trigger 5

CREATE TRIGGER trg_treatment_exists
BEFORE INSERT ON Treatment

FOR EACH ROW

BEGIN

IF NOT EXISTS
(

SELECT *
FROM Appointment
WHERE AppointmentID=NEW.AppointmentID

)

THEN

SIGNAL SQLSTATE '45008"
SET MESSAGE_TEXT='Appointment does not exist';

END IF;
END $$

DELIMITER ;
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