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Introduction – 

MedAssist Clinic is a private healthcare facility based in the United Kingdom that provides outpatient medical services, including general consultations, diagnostics, specialist referrals, treatment recording, and patient feedback. As the clinic grows, its manual or fragmented processes need to be improved through a centralised database system that can manage patient records, doctor information, department details, appointment bookings, treatment history, and service feedback more efficiently.
This project focuses on the design and implementation of a relational database prototype for MedAssist Clinic. The purpose of the database is to support the clinic’s daily operations by organising key information into structured and related tables. The relational database model is suitable for this project because it organises data into relations and supports consistency through keys, constraints, and structured data relationships [1], [3]. The system includes entities such as Patient, Doctor, Department, Appointment, Treatment, Feedback, and Audit_Log. These entities were identified from the clinic’s business processes and were used to create an Entity Relationship Diagram before being implemented in MySQL. Entity-relationship modelling is widely used during database design because it helps identify entities, attributes, keys, and relationships before the physical implementation stage [2], [3].
The database was designed to support data integrity, reduce duplication, and provide consistent access to information. Primary keys, foreign keys, constraints, stored procedures, triggers, functions, transactions, and indexes were used to improve reliability, auditing, and performance. These concepts are important in database systems because they support consistency, transaction control, data validation, and efficient data retrieval [3], [4]. Overall, this project demonstrates how a relational database can help MedAssist Clinic modernise its operations, improve appointment management, maintain accurate treatment records, and support better patient service.
[bookmark: _Toc235635233]Database Design – Entity Relationship Diagram
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                                                      Figure 1: MedAssist Clinic ER Diagram
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Database Implementation – 
This section displays the SQL statements used to implement the MedAssist Clinic Entity Relationship Diagram. The database was implemented in MySQL using the database name Med_Clinic_Database. The SQL scripts convert the ERD design into a relational database structure by creating the required tables: Department, Doctor, Patient, Appointment, Treatment, Feedback, and Audit_Log. This implementation follows relational database principles, where data is organised into related tables to support consistency, structure, and efficient data management [1], [3].
Each table was created with appropriate fields, data types, primary keys, foreign keys, and constraints. The Department table stores clinic departments, while the Doctor table stores medical professionals and links each doctor to a department. The Patient table stores registered patient details, and the Appointment table connects patients and doctors through scheduled consultations. The Treatment table records the outcome of each appointment, while the Feedback table stores patient ratings and comments. The Audit_Log table was included to support monitoring and auditing of database changes.
The implementation also includes referential integrity rules such as ON UPDATE CASCADE, ON DELETE RESTRICT, and ON DELETE CASCADE. These rules help maintain consistency between related tables and prevent invalid relationships between records. For example, an appointment cannot be created unless the patient and doctor already exist in the database. Primary keys and foreign keys are important mechanisms for maintaining entity integrity and referential integrity in relational databases [3], [6]. In addition, constraints such as UNIQUE and CHECK were used to prevent invalid or duplicated data, such as duplicate doctor appointment times or feedback ratings outside the accepted range.
The SQL implementation is divided into Data Definition Language (DDL) and Data Manipulation Language (DML). DDL scripts are used to create the structure of the database, including tables, fields, keys, and constraints. DML scripts are used to insert sample records into the tables for testing and validation. This separation supports a clear implementation process, where the database structure is created first and then populated with realistic sample data to test whether the design works correctly [3], [5].
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The following Data Definition Language scripts were used to create the tables that represent the MedAssist Clinic Entity Relationship Diagram. These scripts define the structure of each table, including primary keys, foreign keys, data types, and constraints required to maintain data integrity.CREATE TABLE `Department` (
  `department_id` int(11) NOT NULL AUTO_INCREMENT,
  `department_name` varchar(100) NOT NULL,
  `location` varchar(100) DEFAULT NULL,
  `description` text DEFAULT NULL,
  PRIMARY KEY (`department_id`)
) ENGINE=InnoDB AUTO_INCREMENT=6 DEFAULT CHARSET=utf8mb4 COLLATE=utf8mb4_general_ci;




CREATE TABLE `Doctor` (
  `doctor_id` int(11) NOT NULL AUTO_INCREMENT,
  `department_id` int(11) NOT NULL,
  `first_name` varchar(50) NOT NULL,
  `last_name` varchar(50) NOT NULL,
  `email` varchar(100) NOT NULL,
  `phone` varchar(20) DEFAULT NULL,
  `specialty` varchar(100) NOT NULL,
  PRIMARY KEY (`doctor_id`),
  KEY `fk_doctor_department` (`department_id`),
  CONSTRAINT `fk_doctor_department`
    FOREIGN KEY (`department_id`)
    REFERENCES `Department` (`department_id`)
    ON UPDATE CASCADE
) ENGINE=InnoDB AUTO_INCREMENT=7 DEFAULT CHARSET=utf8mb4 COLLATE=utf8mb4_general_ci;


CREATE TABLE `Patient` (
  `patient_id` int(11) NOT NULL AUTO_INCREMENT,
  `first_name` varchar(50) NOT NULL,
  `last_name` varchar(50) NOT NULL,
  `date_of_birth` date NOT NULL,
  `gender` varchar(20) DEFAULT NULL,
  `phone` varchar(20) DEFAULT NULL,
  `email` varchar(100) DEFAULT NULL,
  `address` text DEFAULT NULL,
  `medical_history` text DEFAULT NULL,
  `registration_date` date NOT NULL DEFAULT curdate(),
  PRIMARY KEY (`patient_id`),
  UNIQUE KEY `email` (`email`),
  CONSTRAINT `chk_ptient_gender`
    CHECK (`gender` in ('Male','Female','Other','Prefer not to say'))
) ENGINE=InnoDB AUTO_INCREMENT=7 DEFAULT CHARSET=utf8mb4 COLLATE=utf8mb4_general_ci;

CREATE TABLE `Appointment` (
  `appointment_id` int(11) NOT NULL AUTO_INCREMENT,
  `patient_id` int(11) NOT NULL,
  `doctor_id` int(11) NOT NULL,
  `appointment_date` date NOT NULL,
  `appointment_time` time NOT NULL,
  `reason_for_visit` text NOT NULL,
  `status` varchar(20) NOT NULL DEFAULT 'Scheduled',
  PRIMARY KEY (`appointment_id`),
  UNIQUE KEY `uq_doctor_appointment_time` (`doctor_id`,`appointment_date`,`appointment_time`),
  KEY `fk_appointment_patient` (`patient_id`),
  CONSTRAINT `fk_appointment_doctor`
    FOREIGN KEY (`doctor_id`)
    REFERENCES `Doctor` (`doctor_id`)
    ON UPDATE CASCADE,
  CONSTRAINT `fk_appointment_patient`
    FOREIGN KEY (`patient_id`)
    REFERENCES `Patient` (`patient_id`)
    ON UPDATE CASCADE
) ENGINE=InnoDB AUTO_INCREMENT=7 DEFAULT CHARSET=utf8mb4 COLLATE=utf8mb4_general_ci;


CREATE TABLE `Treatment` (
  `treatment_id` int(11) NOT NULL AUTO_INCREMENT,
  `appointment_id` int(11) NOT NULL,
  `diagnosis` text NOT NULL,
  `prescription` text DEFAULT NULL,
  `treatment_notes` text DEFAULT NULL,
  `created_at` datetime NOT NULL DEFAULT current_timestamp(),
  PRIMARY KEY (`treatment_id`),
  UNIQUE KEY `appointment_id` (`appointment_id`),
  CONSTRAINT `fk_treatment_appointment`
    FOREIGN KEY (`appointment_id`)
    REFERENCES `Appointment` (`appointment_id`)
    ON DELETE CASCADE
    ON UPDATE CASCADE
) ENGINE=InnoDB AUTO_INCREMENT=5 DEFAULT CHARSET=utf8mb4 COLLATE=utf8mb4_general_ci;



CREATE TABLE `Feedback` (
  `feedback_id` int(11) NOT NULL AUTO_INCREMENT,
  `appointment_id` int(11) NOT NULL,
  `patient_id` int(11) NOT NULL,
  `rating` int(11) NOT NULL,
  `comments` text DEFAULT NULL,
  `feedback_date` date NOT NULL DEFAULT curdate(),
  PRIMARY KEY (`feedback_id`),
  UNIQUE KEY `appointment_id` (`appointment_id`),
  KEY `fk_feedback_patient` (`patient_id`),
  CONSTRAINT `fk_feedback_appointment` 
    FOREIGN KEY (`appointment_id`) 
    REFERENCES `Appointment` (`appointment_id`) 
    ON DELETE CASCADE 
    ON UPDATE CASCADE,
  CONSTRAINT `fk_feedback_patient` 
    FOREIGN KEY (`patient_id`) 
    REFERENCES `Patient` (`patient_id`) 
    ON UPDATE CASCADE,
  CONSTRAINT `chk_feedback_rating` 
    CHECK (`rating` between 1 and 5)
) ENGINE=InnoDB AUTO_INCREMENT=5 DEFAULT CHARSET=utf8mb4 COLLATE=utf8mb4_general_ci;
CREATE TABLE `Audit_Log` (
  `audit_id` int(11) NOT NULL AUTO_INCREMENT,
  `table_name` varchar(100) NOT NULL,
  `action_type` varchar(20) NOT NULL,
  `record_id` int(11) NOT NULL,
  `changed_by` varchar(100) DEFAULT 'system',
  `change_date` datetime NOT NULL DEFAULT current_timestamp(),
  `description` text DEFAULT NULL,
  PRIMARY KEY (`audit_id`),
  CONSTRAINT `chk_audit_action` 
    CHECK (`action_type` in ('INSERT','UPDATE','DELETE'))
) ENGINE=InnoDB AUTO_INCREMENT=7 DEFAULT CHARSET=utf8mb4 COLLATE=utf8mb4_general_ci;
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Data Manipulation Language was used to populate the MedAssist Clinic database with realistic sample data. The INSERT INTO statements below add records to the Department, Doctor, Patient, Appointment, Treatment, Feedback, and Audit_Log tables. DML is an important part of database implementation because it allows records to be inserted, updated, deleted, and retrieved after the database structure has been created [3], [5].
The data was inserted in a logical order to maintain referential integrity. Departments were inserted before doctors because each doctor must be linked to an existing department. Patients and doctors were inserted before appointments because each appointment must be connected to an existing patient and doctor. Treatments and feedback were inserted after appointments because they depend on existing consultation records. This order is important because foreign key constraints require parent records to exist before dependent child records can be inserted [3], [6].
The inserted sample data also supports testing and validation of the database prototype. By adding realistic records for departments, doctors, patients, appointments, treatments, feedback, and audit logs, it was possible to check whether the relationships between tables were working correctly and whether the system could support the main operational requirements of MedAssist Clinic [5].
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INSERT INTO `department` (`department_id`, `department_name`, `location`, `description`) 
VALUES
(1, 'General Medicine', NULL, 'Provides general consultations and primary healthcare services.'),
(2, 'Dermatology', NULL, 'Provides diagnosis and treatment for skin-related conditions.'),
(3, 'Physiotherapy', NULL, 'Provides physical rehabilitation and musculoskeletal treatment.'),
(4, 'Cardiology', NULL, 'Provides diagnosis and treatment for heart-related conditions.'),
(5, 'Diagnostics', NULL, 'Provides medical tests, scans, and diagnostic services.');

[bookmark: _Toc235635238]DML 2 – Doctor Data Insertion

INSERT INTO `Doctor` (`doctor_id`, `department_id`, `first_name`, `last_name`, `email`, `phone`, `specialty`) 
VALUES
(1, 1, 'James', 'Walker', 'james.walker@medassist.co.uk', '02070010001', 'General Practitioner'),
(2, 1, 'Emily', 'Turner', 'emily.turner@medassist.co.uk', '02070010002', 'Family Medicine'),
(3, 2, 'Sarah', 'Collins', 'sarah.collins@medassist.co.uk', '02070010003', 'Dermatologist'),
(4, 3, 'Michael', 'Hughes', 'michael.hughes@medassist.co.uk', '02070010004', 'Physiotherapist'),
(5, 4, 'Aisha', 'Khan', 'aisha.khan@medassist.co.uk', '02070010005', 'Cardiologist'),
(6, 5, 'Daniel', 'Reed', 'daniel.reed@medassist.co.uk', '02070010006', 'Diagnostic Specialist');
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INSERT INTO `Patient` (`patient_id`, `first_name`, `last_name`, `date_of_birth`, `gender`, `phone`, `email`, `address`, `medical_history`, `registration_date`) 

VALUES
(1, 'Olivia', 'Brown', '1992-04-15', 'Female', '07123456701', 'olivia.brown@email.com', '12 King Street, Birmingham', 'Asthma history', '2026-01-10'),
(2, 'Noah', 'Wilson', '1985-09-22', 'Male', '07123456702', 'noah.wilson@email.com', '45 Green Road, London', 'High blood pressure', '2026-01-12'),
(3, 'Amelia', 'Taylor', '2000-02-08', 'Female', '07123456703', 'amelia.taylor@email.com', '8 Park Avenue, Manchester', 'No known medical history', '2026-01-15'),
(4, 'George', 'Evans', '1978-11-30', 'Male', '07123456704', 'george.evans@email.com', '19 Church Lane, Coventry', 'Type 2 diabetes', '2026-01-18'),
(5, 'Sophia', 'Johnson', '1995-06-25', 'Female', '07123456705', 'sophia.johnson@email.com', '32 High Street, Leeds', 'Skin allergy', '2026-01-20'),
(6, 'Harry', 'Roberts', '1989-12-05', 'Male', '07123456706', 'harry.roberts@email.com', '74 Station Road, Bristol', 'Previous knee injury', '2026-01-22');
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INSERT INTO `Appointment` (`appointment_id`, `patient_id`, `doctor_id`, `appointment_date`, `appointment_time`, `reason_for_visit`, `status`) 

VALUES
(1, 1, 1, '2026-02-01', '09:00:00', 'General health check-up', 'Completed'),
(2, 2, 5, '2026-02-01', '10:00:00', 'Chest pain assessment', 'Completed'),
(3, 3, 2, '2026-02-02', '11:30:00', 'Flu symptoms and fever', 'Completed'),
(4, 4, 1, '2026-02-03', '14:00:00', 'Diabetes follow-up consultation', 'Scheduled'),
(5, 5, 3, '2026-02-04', '09:30:00', 'Skin rash consultation', 'Completed'),
(6, 6, 4, '2026-02-05', '15:00:00', 'Knee pain after exercise', 'Scheduled');
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DML 5 – Treatment Data Insertion

INSERT INTO `Treatment` (`treatment_id`, `appointment_id`, `diagnosis`, `prescription`, `treatment_notes`, `created_at`) 
VALUES
(1, 1, 'Routine check-up completed with no serious concerns.', 'Vitamin D supplement recommended.', 'Patient advised to maintain a balanced diet and regular exercise.', '2026-06-26 11:16:22'),
(2, 2, 'Possible angina symptoms requiring further investigation.', 'Aspirin prescribed and ECG requested.', 'Patient referred for additional cardiology tests.', '2026-06-26 11:16:22'),
(3, 3, 'Seasonal influenza.', 'Paracetamol and rest recommended.', 'Patient advised to drink fluids and return if symptoms worsen.', '2026-06-26 11:16:22'),
(4, 5, 'Mild allergic dermatitis.', 'Antihistamine cream prescribed.', 'Patient advised to avoid suspected allergen and monitor symptoms.', '2026-06-26 11:16:22');
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INSERT INTO `Feedback` (`feedback_id`, `appointment_id`, `patient_id`, `rating`, `comments`, `feedback_date`) 
VALUES
(1, 1, 1, 5, 'The doctor was professional and explained everything clearly.', '2026-02-01'),
(2, 2, 2, 4, 'Good service, but I had to wait longer than expected.', '2026-02-01'),
(3, 3, 3, 5, 'Very helpful consultation and friendly staff.', '2026-02-02'),
(4, 5, 5, 4, 'The treatment advice was clear and useful.', '2026-02-04');
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INSERT INTO `Audit_Log` (`audit_id`, `table_name`, `action_type`, `record_id`, `changed_by`, `change_date`, `description`) 
VALUES
(1, 'Department', 'INSERT', 1, 'admin_user', '2026-07-22 04:32:58', 'Initial department record inserted.'),
(2, 'Doctor', 'INSERT', 1, 'admin_user', '2026-07-22 04:32:58', 'Initial doctor record inserted.'),
(3, 'Patient', 'INSERT', 1, 'admin_user', '2026-07-22 04:32:58', 'Initial patient record inserted.'),
(4, 'Appointment', 'INSERT', 1, 'admin_user', '2026-07-22 04:32:58', 'Initial appointment record inserted.'),
(5, 'Treatment', 'INSERT', 1, 'doctor_user', '2026-07-22 04:32:58', 'Initial treatment record inserted.'),
(6, 'Feedback', 'INSERT', 1, 'patient_user', '2026-07-22 04:32:58', 'Initial feedback record inserted.');
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The stored procedure below was created to manage the appointment booking process within the MedAssist Clinic database. This procedure uses transaction handling to ensure that appointment records are only created when the required conditions are met [4], [7]. It checks whether the patient exists, whether the doctor exists, and whether the selected doctor is available at the requested date and time.
If all validation checks are successful, the appointment is inserted into the Appointment table, and the transaction is committed. If any validation fails, the transaction is rolled back to prevent incomplete or inconsistent data from being stored in the database [4], [7].




DELIMITER //

CREATE PROCEDURE BookAppointment (
    IN p_patient_id INT,
    IN p_doctor_id INT,
    IN p_appointment_date DATE,
    IN p_appointment_time TIME,
    IN p_reason_for_visit TEXT
)
BEGIN
    DECLARE patient_count INT DEFAULT 0;
    DECLARE doctor_count INT DEFAULT 0;
    DECLARE appointment_count INT DEFAULT 0;

    START TRANSACTION;

    SELECT COUNT(*) INTO patient_count
    FROM Patient
    WHERE patient_id = p_patient_id;

    SELECT COUNT(*) INTO doctor_count
    FROM Doctor
    WHERE doctor_id = p_doctor_id;

    SELECT COUNT(*) INTO appointment_count
    FROM Appointment
    WHERE doctor_id = p_doctor_id
      AND appointment_date = p_appointment_date
      AND appointment_time = p_appointment_time;

    IF patient_count = 0 THEN
        ROLLBACK;
        SIGNAL SQLSTATE '45000'
        SET MESSAGE_TEXT = 'Patient does not exist. Transaction rolled back.';

    ELSEIF doctor_count = 0 THEN
        ROLLBACK;
        SIGNAL SQLSTATE '45000'
        SET MESSAGE_TEXT = 'Doctor does not exist. Transaction rolled back.';

    ELSEIF appointment_count > 0 THEN
        ROLLBACK;
        SIGNAL SQLSTATE '45000'
        SET MESSAGE_TEXT = 'Doctor is already booked at this date and time. Transaction rolled back.';

    ELSE
        INSERT INTO Appointment (
            patient_id,
            doctor_id,
            appointment_date,
            appointment_time,
            reason_for_visit,
            status
        )
        VALUES (
            p_patient_id,
            p_doctor_id,
            p_appointment_date,
            p_appointment_time,
            p_reason_for_visit,
            'Scheduled'
        );

        INSERT INTO Audit_Log (
            table_name,
            action_type,
            record_id,
            changed_by,
            description
        )
        VALUES (
            'Appointment',
            'INSERT',
            LAST_INSERT_ID(),
            'admin_user',
            'New appointment booked using stored procedure.'
        );

        COMMIT;
    END IF;
END //

DELIMITER ;
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The COMMIT scenario demonstrates a successful appointment booking. In this test, the patient and doctor already existed in the database, and the selected doctor was available at the requested date and time. Because all validation checks were successful, the stored procedure inserted a new record into the Appointment table and created a related audit record in the Audit_Log table.
The COMMIT command was then executed to permanently save these changes in the database. This ensures that the appointment booking and its audit record are stored together as one complete transaction. As a result, the database remains consistent and reliable because both related operations are completed successfully.



ROLLBACK -
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The screenshot demonstrates the rollback scenario. The same doctor was selected for an appointment at the same date and time as an existing booking. The stored procedure identified the scheduling conflict and returned an error message stating that the doctor was already booked. As a result, the transaction was rolled back and no duplicate appointment was inserted into the Appointment table. This protects data integrity by preventing double bookings.
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The trigger below was created to support the auditing feature of the MedAssist Clinic database. It automatically records an audit entry whenever a new patient is inserted into the Patient table. This reduces the need for manual audit logging and improves traceability within the system.


DELIMITER //
CREATE TRIGGER trg_patient_insert
AFTER INSERT ON Patient
FOR EACH ROW
BEGIN
    INSERT INTO Audit_Log (
        table_name,
        action_type,
        record_id,
        changed_by,
        description
    )
    VALUES (
        'Patient',
        'INSERT',
        NEW.patient_id,
        'system',
        CONCAT('New patient record created for ', NEW.first_name, ' ', NEW.last_name)
    );
END //
DELIMITER ;
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The screenshot shows that the trigger executed successfully after a new patient record was inserted. The Audit_Log table automatically recorded the table name, action type, record ID, user, date, and description of the change. This confirms that the trigger supports the auditing requirement by tracking changes automatically.


Function – Calculate Patient Age
The CalculatePatientAge function was created to calculate a patient’s age using the date_of_birth field. This function supports patient management by allowing the clinic to retrieve patient age directly from the database.

DELIMITER //
CREATE FUNCTION CalculatePatientAge(p_date_of_birth DATE)
RETURNS INT
DETERMINISTIC
BEGIN
    RETURN TIMESTAMPDIFF(YEAR, p_date_of_birth, CURDATE());
END //

DELIMITER ;
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The screenshot shows that the CalculatePatientAge function executed successfully. The function calculates each patient’s age based on the date_of_birth field stored in the Patient table. This helps the clinic retrieve useful patient information without manually calculating the age each time. The result confirms that the function works correctly and can support patient management within the MedAssist Clinic database.
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The following indexes were created to improve the performance of frequent and business-critical queries in the MedAssist Clinic database. These indexes support common operations such as searching for patients by email, listing doctors by department, retrieving appointment history by patient, and checking doctor availability by date and time [4], [8].
Indexes help the database locate records more efficiently by reducing the amount of data scanned during query execution. This is especially important for a healthcare system where admin staff and medical professionals may need quick access to patient records, doctor schedules, and appointment information [4], [8].

CREATE INDEX idx_patient_email 
ON Patient(email);

CREATE INDEX idx_doctor_department 
ON Doctor(department_id);

CREATE INDEX idx_appointment_patient 
ON Appointment(patient_id);

CREATE INDEX idx_appointment_doctor_datetime 
ON Appointment(doctor_id, appointment_date, appointment_time);
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The screenshot shows that the indexes were created successfully in the MedAssist Clinic database. These indexes were added to columns that are expected to be frequently used in search and filtering operations. As a result, the database can retrieve patient, doctor, and appointment information more efficiently, improving query speed and overall system performance.

[bookmark: _Toc235635248]Constraint Validation Testing -
The following tests were carried out to validate the constraints implemented in the MedAssist Clinic database. These tests check whether the database prevents invalid data from being inserted, such as feedback ratings outside the permitted range, appointments with non-existing patients, and duplicate doctor bookings [3], [6]. This helps confirm that the database design supports data integrity [3], [6].


INSERT INTO Feedback (
    appointment_id,
    patient_id,
    rating,
    comments,
    feedback_date
)
VALUES (
    6,
    6,
    10,
    'Invalid rating test',
    '2026-02-06'
);
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The screenshot shows that the database rejected an invalid feedback rating. The rating value entered was 10, but the CHECK constraint only allows ratings between 1 and 5. This confirms that the constraint is working correctly and prevents invalid feedback data from being stored in the database.
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The design and implementation of the MedAssist Clinic database were supported by established database concepts from academic literature. The use of a relational database model is appropriate because it organises data into related tables and supports data integrity through primary keys, foreign keys, and constraints [1], [3], [6]. In this project, entities such as Patient, Doctor, Department, Appointment, Treatment, Feedback, and Audit_Log were separated into individual tables to reduce duplication and improve consistency.
Normalization was applied to organise the database structure and reduce redundancy. According to Elmasri and Navathe, normalization helps minimise update anomalies and supports better data integrity [3]. The MedAssist Clinic database follows this principle by storing patient details, doctor details, appointment information, and treatment records in separate related tables.
Transactions were used in the stored procedure to ensure that related operations are completed as a single unit of work. Silberschatz, Korth, and Sudarshan explain that transactions must preserve database consistency and should either complete fully or have no effect if an error occurs [4]. This supports the use of COMMIT and ROLLBACK in the BookAppointment stored procedure. When all validation checks are successful, COMMIT saves the appointment and audit record. If a patient, doctor, or available appointment slot is invalid, ROLLBACK prevents incomplete or inconsistent data from being stored [4], [7].
Stored procedures were used to encapsulate database operations and improve consistency in how business rules are applied. Triggers were also implemented to automatically record changes in the Audit_Log table. Connolly and Begg explain that triggers can be used to enforce business rules and automate actions when database events occur [5]. This supports the auditing requirement of the MedAssist Clinic system.
Indexes were added to improve query performance for frequently searched fields such as patient email, doctor department, patient appointments, and doctor availability. Date explains that indexing can improve data retrieval efficiency by reducing the amount of data scanned during query execution [6]. Therefore, the indexing strategy supports faster access to important operational data within the clinic [4], [8].


[bookmark: _Toc235635250]Conclusion and Reflection

The final MedAssist Clinic database solution meets the main requirements of the case study by providing a structured relational database for managing patients, doctors, departments, appointments, treatments, feedback, and audit records. The database design supports the clinic’s daily operations by allowing patient registration, doctor assignment, appointment booking, treatment recording, and feedback collection to be managed in a centralised system.
The use of primary keys, foreign keys, UNIQUE constraints, and CHECK constraints helps maintain data integrity and reduces the risk of invalid or duplicated data. The stored procedure for appointment booking demonstrates how transactions can be used to protect consistency, as the system commits successful bookings and rolls back failed operations when a patient, doctor, or appointment slot is invalid.
The trigger and function also improve the system by supporting automatic auditing and patient information management. The Audit_Log table allows important changes to be tracked, while the CalculatePatientAge function helps retrieve useful patient details directly from the database. In addition, indexes were created to improve query performance for common operations such as searching patients by email, checking doctor availability, and retrieving appointment records.
One challenge during the implementation was ensuring that all table relationships, field names, and constraints matched the Entity Relationship Diagram. Some adjustments were required to correct column names and add missing relationships, such as the foreign key between Feedback and Patient. These corrections improved the accuracy and reliability of the final database.
Future improvements could include adding user roles for admin staff and doctors, improving security through access control, expanding the audit log to track updates and deletions, and creating a more detailed appointment scheduling system with doctor availability slots. Overall, the database provides a reliable prototype that supports the operational needs of MedAssist Clinic and demonstrates the use of relational database principles in a healthcare context.
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