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1. [bookmark: _Toc28241]Introduction:
Many healthcare systems around the world are transitioning to digital solutions to enhance efficiency and quality of care. This is particularly the case in resource-limited areas, where small clinics and primary care facilities may struggle with paper-based documentation and manual workflows. Clinic which switched from paper records to online management system successfully registered patients, recorded medical information, managed the stock of medication, and generated regular reports, making the running of the clinic easier and maintaining orderly medical records                                                                     [1, 2]. MedAssist Clinic is an independent outpatient health care clinic offering consultation services, diagnosis, specialist referral and treatment management. It intends to support its expansion with a clinic management system, that is, a type of electronic health record/emr system that is designed specific to outpatient clinic.
That combines its various capabilities including patient registration, appointment setting, medical records, prescription writing, lab and imaging orders, billing and reporting. Clinic staff can deliver faster care to patients and do so more safely, since all patient information and clinic processes are in one place. The purpose of this report is to provide a design and implementation of a normalized relational database for MedAssist Clinic. The proposed solution includes the following features to ensure data integrity, optimize system performance, and meet the clinic's daily operation needs in an efficient and reliable way: Database constraints, stored procedures, triggers, transaction management, and indexing [3].
2. [bookmark: _Toc32419]Requirements Analysis:
MedAssist Clinic can enhance operational efficiency by consolidating patient and clinical data into a single platform, such as a database. Created in line with the system requirements, the database comprises of the following major entities: Patient, Doctor, Department, Appointment, Treatment, and Feedback. These entities are related to various aspects of the clinic's operations and are interconnected and well-defined for effective data management.
The Patient entity includes information about the patient, including name, date of birth, gender, contact information and medical history. During the patient's registration at the clinic, he or she can register for several visits. The Doctor entity will have the details of the doctors along with the department they are assigned to. All doctors are associated to the doctor department and the doctor department can have multiple doctors associated to it, so it is one to many.
The Appointment entity is the pivot between the Patient and Doctor entities, displaying the date, times and reason for appointments along with the status of the appointment. Doctors note diagnosis, prescription, and treatment notes for each completed appointment in the Treatment entity. The clinic can also get input from patients via the Feedback entity to track the quality of the services provided and the patients' satisfaction with the consultation.
To keep the data integrity, it is essential that the database provides primary keys to secure valid data entry, foreign keys to ensure referential integrity, unique constraints to ensure that the data entered is unique, and check constraints to ensure correct data entry. The database should also be able to use transaction management with COMMIT and ROLLBACK to make sure multiple database operations that are connected are either executed or rolled back completely if there is an error, maintaining the consistency [2]. Furthermore, stored procedures, triggers and user defined functions should provide automation of common operations and auditing processes, and indexes should be established on the attributes being commonly queried to aid in the search process and minimize query time [3, 4].
3. [bookmark: _Toc2344]Database Design:
3.1. [bookmark: _Toc22042]Entity Identification:
These entities were designed using the six primary business operations of the MedAssist Clinic database. These are the entities that are Department, Doctor, Patient, Appointment, Treatment, and Feedback. Each entity contains data about a particular business process and normalizes data to avoid duplication of data.
The Department entity holds information about medical departments, such as the department identifier, name and description. The Doctor entity records details of medical staff, such as information about them and their department. Patient entity contains information about patients, such as patient's name, date of birth, gender, phone number, and address.
The Appointment entity is the main table in the database as it details the patient / doctor consultation. Records appointment dates, appointment times, reason for visits, and status of the appointment. Doctors enter diagnoses, prescriptions and treatment notes into the Treatment entity after each consultation. Last but not least, the Feedback entity logs the rating, comments and feedback date for each patient after an appointment, so that the clinic could assess the quality of the service and enhance patients' satisfaction [5].

[bookmark: _Toc3317]Table 1: Entity Identification
	Entity
	Primary Key
	Purpose

	Department
	Department_ID
	Stores information about medical departments within the clinic.

	Doctor
	Doctor_ID
	Stores doctor details and department assignments.

	Patient
	Patient_ID
	Stores patient personal and contact information.

	Appointment
	Appointment_ID
	Records appointments between patients and doctors.

	Treatment
	Treatment_ID
	Stores diagnosis, prescriptions, and treatment notes.

	Feedback
	Feedback_ID
	Stores patient ratings and comments after appointments.



These entities contain primary keys, which are used to identify each record, and foreign keys, which are used to create relationships between the entities. This design provides efficient data organization, reduces data redundancy, and facilitates retrieval of health care information accurately based on relational database design principles [1, 6].
3.2. [bookmark: _Toc9660]Relationships:
The relationships between the entities were created to accurately model the operational processes of MedAssist Clinic, with the use of referential integrity. The relationship between the Department and the Doctor is one-to-many, as one department can have more than one Doctor, but one Doctor cannot be more than one Doctor in a department.
The Doctor and Appointment entities also have a 1:M relationship. Many appointments are allowed to be made by a doctor but each appointment is made to a single doctor. Likewise, the Patient and Appointment entities are related in a 1 to many way as a patient may have several consultations in their treatment history, but each appointment will only be related to one patient.
The Appointment entity is the one that is the main connection within the database. Once an appointment has occurred, a record can be created in the Treatment entity that includes diagnoses, prescriptions and treatment notes. Similarly, the patients can leave feedback about their completed appointments, establishing a relationship between Appointment and Feedback.
These relationships are realized by foreign key constraints that prevent the existence of any records without valid parent records. Referential integrity ensures there are no "orphan" records and that consistency is maintained throughout the database. The relational schema models the various activities of a clinic in the real world of health care, and allows for efficient handling of data, query processing, report generation and secure transaction processing [7].
[bookmark: _Toc8208]Table 2: Entity Relationships
	Parent Entity
	Child Entity
	Relationship
	Description

	Department
	Doctor
	One-to-Many (1:M)
	One department employs many doctors.

	Doctor
	Appointment
	One-to-Many (1:M)
	One doctor can conduct many appointments.

	Patient
	Appointment
	One-to-Many (1:M)
	One patient can book multiple appointments.

	Appointment
	Treatment
	One-to-One (1:1)
	One completed appointment has one treatment record.

	Appointment
	Feedback
	One-to-One (1:1)
	One appointment may receive one feedback record.



3.3. [bookmark: _Toc11527]ER Diagram Explanation:
The Entity Relationship Diagram (ERD) is a graphical model that shows the entities, attributes and relationships in the MedAssist Clinic database. The proposed ERD uses six core entities: Department, Doctor, Patient, Appointment, Treatment and Feedback, each having their own primary and foreign keys to make sure there are referential integrity constraints between the entities [8]. The Doctor table references the Department table using the Department_ID foreign key which creates a one-to-many relationship between the Doctor and Department tables. Likewise, the Appointment table is connected to the Patient table and the Doctor table with foreign keys Patient_ID and Doctor_ID respectively to enable the appointment of patients with doctors and record appointment information. The Appointment table is the central table and will be used to make subsequent treatment and feedback records. Both the Treatment and Feedback tables use the Appointment_ID field to make sure that treatments and patient feedback are linked to a valid appointment. It is a relational structure that ensures data consistency, reduces data duplication, and allows efficient database operations [8].
[image: ERD.drawio]
Figure 1: ERD Diagram.

The ERD clearly shows the relationships between the entities, and it does not have redundant information. The database also gains consistency, scalability, maintainability by having separate entities to store related data, linked together by foreign keys. Therefore, ERD offers a good starting point for designing the relational database and for implementing business rules using constraints and transactions in ERD [9].
3.4. [bookmark: _Toc29818]Normalisation (1NF–3NF):
The MedAssist Clinic database was normalized to eliminate data duplication, ensure consistency and preserve data integrity. Database design is compliant to First, Second and Third Normal Form (3NF). Each table has a primary key, and each attribute has only one value, no groups or multiple values in a single attribute, making the database a First Normal Form (1NF). For instance, one attribute of a patient record contains a phone number and another contains an address [10].
This database follows Second Normal Form (2NF) where every non-key attribute is completely determined by its primary key. Each attribute in the tables is dependent only on the primary key of its own table and not on any other attribute, since each table has one attribute as its primary key.
[bookmark: _Toc27788]Table 3: Database Normalisation
	Normal Form
	Implementation in MedAssist Clinic Database

	First Normal Form (1NF)
	All attributes contain atomic values with no repeating groups.

	Second Normal Form (2NF)
	All non-key attributes depend entirely on the primary key.

	Third Normal Form (3NF)
	No transitive dependencies; related information is stored in separate tables.



The database design is in third normal form (3NF), which means that it avoids transitive dependencies and does not hold information in the same table that it is related to. The department, doctor, patient, appointment, treatment and feedback information is stored in separate tables and these tables are connected by foreign keys. For instance, the data for each department is kept only in the Department table and is linked to the Doctor table. This normalized design minimizes data duplication, streamlines updates, ensures data consistency, and ensures that the database is scalable and can handle large amounts of data and transactions as the clinic grows [11, 12].
4. [bookmark: _Toc3274]Database Implementation:
4.1. [bookmark: _Toc30627]Table Creation:
The MedAssist Clinic database was created in the MySQL Workbench using the following steps: First create a new database named MedAssistClinicDB using the CREATE DATABASE statement as shown in figure 1. Once the use command was entered to select the database, six relational tables were formed: Department, Doctor, Patient, Appointment, Treatment and Feedback. The Entity Relationship Diagram (ERD) and the normalized database schema shown previously were used to design each table.
The information about the medical department of the clinic is stored in the Department table and doctors' personal and professional details are stored in the Doctor table. The Patient table contains patient information such as demographics and contacts. The Appointment table associates patients with doctors and contains information about the appointments such as when they occur, what time they occur at, the reason for the visit, and the status of the appointment. After consultations, treatment information is then placed in the Treatment table and patient evaluations are placed in the Feedback table.

[image: 1]
Figure 1: Database and table creation.

Each table has a primary key that has been auto-incremented to ensure that records are unique. Foreign keys were used for enforcing referential integrity for relationships between entities. The overall table structure is based on the business processes of MedAssist Clinic and serves as a solid foundation for efficient storage and management of healthcare information [13].
4.2. [bookmark: _Toc26000]Constraints:
A number of database constraints were in place to make sure that the data is accurate, consistent and complete. Each table contains a Primary Key (PK) that is used to uniquely identify each record in the table. Foreign key (FK) constraints are used to establish relationships between tables. For instance, the Doctor table has the Department_ID, and the Appointment table has Doctor_ID and Patient_ID. Similarly, the Treatment and Feedback tables refer to the Appointment table as shown in figure 1.
A number of extra constraints were added for quality of the data. The doctor's email address was validated: UNIQUE, meaning that a doctor's email address will never be duplicated. The Department_Name column is NOT NULL to ensure that each department has a name. Also, there is a CHECK constraint (Rating BETWEEN 1 AND 5) in the Feedback table to ensure that the rating given by the patient is within the specified range. The default value for the Status column in the Appointment table is 'Scheduled,' which helps to maintain consistency in the data entered in the table.
Foreign key relationships were set up as ON DELETE SET NULL and ON UPDATE CASCADE, when appropriate. These are referential actions which help maintain consistency of the database without causing orphan records in the database. Together, these constraints can implement business rules and ensure that the data integrity is kept high across the system [14].
4.3. [bookmark: _Toc7376]Sample Data:
Once the database schema was created, sample data that were realistic were inserted to simulate the daily operations for MedAssist Clinic. The first records have been entered into the Department table, such as General Medicine, Dermatology and Physiotherapy. Valid foreign keys were then created and inserted into the doctor records and assigned to their departments.
[image: 4]
Figure 2: SQL INSERT statements for Departments, Doctors, and Patients.
Demographic and contact information were added to patient records in the Patient table. Later, record of appointments was then established to link patients with the GP's, and details of the date and time of the appointment, the reason for attending, and the status of the appointment were recorded. After the creation of the appointment, treatment records (diagnoses, prescriptions, treatments notes) were inserted. Last, a table called Feedback recorded valid appointment references and ratings of 1–5 to store patient satisfaction data. The sample data were tested using SELECT * queries to ensure that all of the data were inserted to the tables and that the relationships between the tables were correct [15].
[image: 5]
Figure 3: SQL INSERT statements for Appointments, Treatments, and Feedback.
[image: 9]
Figure 4: Output of SELECT * queries displaying inserted records.
4.4. [bookmark: _Toc3754]Stored Procedures:
A stored procedure was created to automate the database operations and enhance the consistency of data, which is called BookAppointmentSecurely. The procedure reduces the amount of SQL statements to be written in a single place, making it a reusable database object. The procedure could be called from a single CALL statement, thus avoiding the need to write individual SQL statements; this will help to reduce code duplication and the maintainability challenges it presents [16].
[image: 6]
Figure 5: Execution of the stored procedure using the CALL statement.
Structured exception handling is used in the procedure by the DECLARE EXIT HANDLER FOR SQLEXCEPTION statement. In case of an error during execution, the exception handler automatically executes a ROLLBACK operation, and returns a message "Transaction failed". When there are no errors, it will start a transaction (start transaction), add the appointment information, and then commit the transaction (commit). If it is successful, it will return a confirmation message (success).
Stored procedures offer a number of benefits: They centralize the business logic, they allow for some control over data access as this is controlled by the stored procedure, and they improve application performance since SQL statements are precompiled by the database management system. Further, the procedure's transaction management guarantees the consistency and reliability of the appointment booking process even in the event of unforeseen errors during the procedure's execution.
Testing of the stored procedure was performed by executing the CALL BookAppointmentSecurely(...) statement, and this was successful. The output indicated that appointments were added properly and that transaction control worked correctly.
4.5. [bookmark: _Toc25146]Triggers and Functions:
A Patient_Audit table and AFTER UPDATE trigger named After_Patient_Phone_Update were added to aid in auditing and to automate the addition of the audit information to the database. This trigger will automatically capture changes in patient's phone numbers when they do.
[image: 7]
Figure 6: SQL script to build the Patient_Audit table and trigger.
The trigger's condition is IF OLD Phone <> NEW Phone. If a change is identified, it adds a new patient record to the Patient_Audit table, which includes the patient identifier, old phone number, new phone number, time of the change and what action was taken. This automatic logging will create an accurate log history without the need for manual work.
[image: 8]
Figure 7: Trigger test using an UPDATE statement.
[image: 10]
Figure 8: Output of the Patient_Audit table showing logged changes.

Patient ID 1 had a phone number change to test the trigger. The update statement was then executed and an audit table was queried with a SELECT statement. The trigger was effective in capturing changes to a patient's phone number, which helps promote auditability, regulatory compliance, accountability, and secure handling of sensitive patient healthcare information  [17].
4.6. [bookmark: _Toc23648]Transaction (COMMIT & ROLLBACK):
Digital  medical  records  are  among the  latest  technologies employed  to  assist in  managing patient information. The adoption of digital medical records has been found to save time and cost in managing medical information, making it more possible for governments to make timely and evidence-based public health decisions and more efficient to deliver key health indicators. 
The BookAppointment Securely stored procedure provides transaction management through the use of START TRANSACTION, COMMIT and ROLLBACK to ensure consistency of the database while booking appointments. The transaction is started before the data is inserted and only committed once all the SQL statements have been completed. The exception handler will automatically ROLLBACK when there is an SQL exception, undoing all changes made in the transaction. This process guarantees the atomicity of the appointments, no partial or inconsistent appointment records and the integrity and reliability of the database during the booking process.
[image: 6]
Figure 9: START TRANSACTION, COMMIT, and ROLLBACK within the stored procedure.

In healthcare information systems, scheduling appointments may involve several related operations, making transactions crucial in this context. Inconsistent data may impact patient care and clinic scheduling, if one operation fails and others pass. The risk involved in this transaction is taken away by the implemented transaction mechanism where one of the important properties of relational databases, called atomicity, is maintained. Successful executions of the tests resulted in successful appointments being recorded, and simulated failures triggered the rollback process and maintained database integrity [18].
[image: 9]
Figure 10: Example rollback test or SQL exception output.
5. [bookmark: _Toc32478]Performance Tuning Enhancement (Indexes):
In a healthcare information system, fast and reliable access to patient data and information regarding appointments and treatment is crucial, and this is where database performance comes in. If records are typically found in the same table, but retrieved through full table scans in the database, the more data that is stored, the slower query execution will likely be. Secondary indexes were added to columns that are commonly used for searching, or in filtering requirements to enhance efficiency. By indexing, the database management system can locate the records faster, which improves the speed of query execution and hence the system becomes more responsive [19].
The following columns were added to the MedAssist Clinic database: Appointment table - Appointment_Date, and the Patient table - First_Name + Last_Name. The "appointment date" is generally utilized by administrative staff whenever they take a look at the daily schedule or whenever they look for appointments during a particular period. If you index this column, then MySQL will be able to retrieve the records for appointments, instead of having to scan the entire table. Likewise, it is common for patients to be searched at their registration, appointment or treatment review. The composite index on First_Name and Last_Name greatly enhances the performance of these queries.
Depending on the use of the clinic the indexing strategy was selected. Players are frequently being looked for by reception staff when making appointments and doctors would frequently pick up a particular day's appointments. Improving these high-frequency operations can help cut response times and boost productivity. But not all of the columns were indexed; the number of indexes would take up too much space, and could affect INSERT, UPDATE or DELETE operations. So, indexes are only used on columns that are often accessed during search, sorts or joins with other tables [20].
The effectiveness of the indexing strategy was confirmed by performing a query to find a patient with the conditions: First_Name = 'Ali' and Last_Name = 'Khan'. The indexed query was able to return the record that matched the criteria in very little time, as you can see, so when data is accessed frequently, it is definitely an advantage to have it indexed. The sample database only has a handful of records but the performance gains would be much greater if the Clinic's database expands to thousands of patients and appointments. Therefore, using the proper indexes will improve the performance of queries, increase system scalability and aid in efficient day-to-day clinical operation.
6. [bookmark: _Toc22083]Literature Support for Design and Implementation Choices:
The principles to create and implement the data base, MedAssist Clinic were based on data base management principles and supported by academic literature. A relational database management system (RDBMS) was selected, as it allows for the structured storage and management of data that is interconnected and ensures consistency, integrity and efficient retrieval of the data. According to Connolly and Begga relational database organizes data as a hierarchy of related tables, including primary and foreign keys to allow the data to not be duplicated and to be managed properly. In the healthcare industry, where patient data is vital and is frequently shared among several parties, it is important to have accurate and consistent records [17]. 
A clinic management system is a type of Electronic Medical Record (EMR) system that is tailored for clinic use. These systems encompass patient registration, appointment scheduling, treatment documentation, prescription management, billing, reporting, and administrative functions all in one centralized system. In low and middle-income countries where healthcare resources are limited, healthcare digitization is reported to have significant impacts for patient information management. Centralized databases provide quicker access to, and better security and consistency of, clinical data, as well as eliminate reliance on paper records. Relational database management systems offer a suitable technological basis for clinic management systems because they have a structure that enables a relationship between different entities in health care and guarantees data integrity. Relational databases are used to store data in tables that are related to each other, with relationships established via parent-child relationships defined by primary and foreign keys [21].
Primary keys – uniquely identify each record; Foreign keys – are used to relate entities together and to avoid orphan records. In the MedAssist Clinic database the following concepts were represented by six related entities: the Department, Doctor, Patient, Appointment, Treatment and Feedback. Foreign key constraints are used to ensure that appointments can't be created without patients and doctors and that treatment and feedback records are linked to appointments. Other important principles used to design an efficient database are database normalization [22]. 
Normalization reduces data redundancy, enhances consistency and maintainability of data by structuring it in logically related tables. By using 1NF, 2NF, and 3NF, all the information and any dependencies that are transitive will be removed. This project has the advantage that doctors store only one copy of the information in the department table, and the information in the department table is then referenced via the foreign keys of doctors, thus reducing the storage of the department table but avoiding update anomaly. Likewise, appointment data is isolated from the treatment and feedback data, with each of these data types being used to model a single business concept [21].
The stored procedures have been added to increase the security, maintainability and consistency of the system. Connolly and Begg say that stored procedures are SQL statements that are grouped together in a re-usable application of a database that avoids duplicate SQL statements and do not allow direct access to the tables. This project is a stored procedure that simplifies the process of making appointments by executing multiple SQL statements within a controlled transaction. It also allows the business rules to be centralized in the database, so that all users are subject to the same rules, regardless of the user interface they're using.
Another way to enforce business rules and automate repetitive tasks is by using a trigger [3].  When a phone number is updated in the MedAssist Clinic database, there is a trigger that is activated and will insert the phone number update to the Patient_Audit table. This auditing capability can be utilized to improve the accountability of the changes, as it will maintain a record of the significant changes made, without manual effort. In healthcare environments, where compliance with regulations and the need for proper tracking are paramount, such monitoring is invaluable.
Database functions can also be used for efficient database management, by encapsulating logic that is used frequently, such as calculations. According to Coronel and Morris [4] functions can be used to calculate a value that can be used elsewhere in the database, making a more complex SQL query easier to do [4] his prototype has very few functions but can be extended to include functions to calculate total figures for the appointments, average ratings of patient feedback and summary statistics for management reporting purposes.
One another thing to look at when it comes to implementing a database is its optimization. If a query query must scan the entire table more than once when executed, performance decreases as more records are added. To overcome this problem, indexes were built on columns that are often used for searching, such as patient names and appointment dates. Elmasri and Navathe [2] state that indexes help the database management system locate records in the database more quickly than by reading the entire table, which is why they are used. The indexing approach in this project results in better patient search efficiency, scalability, and better system operation as the number of patients continues to increase. Indexes will require additional space, and will cause a bit more overhead in data modification operations, so should be designed on columns that are typically used in search conditions and joins.
7. [bookmark: _Toc32363]Concluding and reflecting:
The implementation of relational database concepts and principles in the MedAssist Clinic database is a good example of their use in providing support for an operational need of a modern outpatient healthcare facility. This database combines patient information, doctor management, appointment bookings, treatment logging, departmental organization and patient feedback in a unified and normalized relational database. This design will have reduced data duplication, enhanced data consistency, maintainability and overall data integrity through the use of Third Normal Form (3NF).
These implementations included primary key, foreign key, integrity constraints, stored procedures, triggers, transaction management and indexing to ensure that the system can function in realistic healthcare scenarios. The BookAppointmentSecurely stored procedure ensures that the booking of appointments is a single transaction by using START TRANSACTION, COMMIT and ROLLBACK to ensure that the process is atomic. The auditing trigger automatically captures updates to data that can be used to safeguard sensitive patient data. Additional indexes are used to enhance query performance of records that are accessed regularly.
This project also enhanced relational database design, SQL programming and database administration skills in MySQL Workbench. Potential enhancements are to make it cloud-based, add role-based access control, implement encryption of sensitive patient data, add advanced reporting capability, and integrate with a web-based application. These upgrades would help to enhance the security, scalability, and usability of the system, making it more suitable for the needs of healthcare providers in today's digital era.
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