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1. Introduction
EcoRide is an electric bike rental scheme designed to encourage sustainable travel by providing members of the public with access to electric bicycles at convenient locations such as parks, railway stations and university campuses. Riders are able to hire a bicycle from one location and return it to another, supporting flexible travel while promoting environmentally friendly transport.
The current EcoRide system relies on paper records and spreadsheets to manage rider registrations, bicycle availability, rental transactions and maintenance activities. Whilst this approach may be adequate for a small-scale operation, it becomes increasingly inefficient as the service expands. Manual processes increase the risk of duplicated records, inconsistent data and human error, making it difficult to monitor bicycle availability, identify overdue rentals and produce accurate management reports. Relational database management systems (RDBMS) are designed to address these issues by organising data into related tables, improving consistency and reducing redundancy through structured relationships and integrity constraints [1], [2].
The aim of this coursework is to design and implement a relational database using Microsoft Access that supports the operational requirements of the EcoRide scheme. The database provides a structured solution for storing rider information, managing bicycle records, recording rental transactions, monitoring maintenance activities and tracking staff involvement. In addition, the system demonstrates how relational database principles such as entity modelling, normalisation and referential integrity can improve the reliability and efficiency of data management [1], [3].
Although the EcoRide scenario has been simplified for academic purposes, the database has been designed using principles commonly applied in professional database development. As a Degree Apprenticeship student, I have approached the implementation from both an academic and practical perspective, considering not only how the database satisfies the assignment requirements but also how the design could support future operational growth and maintainability.

2. Scenario Analysis
The first stage of the database design process involved analysing the scenario to identify the information that EcoRide needs to manage. Database design begins by identifying the entities, their attributes and the relationships that exist between them before implementation begins [1]. From the scenario, six core entities were identified: Rider, Rental, Bike, Maintenance, Staff and Location. Separating these into individual entities reduces data redundancy and supports a normalised relational database structure [2].
2.1 Rider
The Rider entity stores information relating to customers who register to use the EcoRide service. Each rider is uniquely identified using an ID Number, which acts as the primary key. Personal information is stored separately from rental transactions to prevent duplication whenever a rider hires multiple bicycles.
The Rider entity contains the following attributes:
· ID Number (Primary Key) 
· First Name 
· Last Name 
· Phone Number 
· Email Address 
· Address 
· Street Name 
· Postcode 
The address has been modelled as a composite attribute within the Entity Relationship Diagram because it consists of smaller components that can be stored independently. This approach supports improved data organisation and allows future enhancements such as postcode-based reporting.
Each rider may hire multiple bicycles over time; therefore, a one-to-many relationship exists between the Rider and Rental entities.

2.2 Rental
The Rental entity records every bicycle hire completed within the EcoRide scheme. Each rental represents a single transaction linking one rider to one bicycle and stores the dates and financial information associated with that hire.
The Rental entity contains:
· Rental ID (Primary Key) 
· Hire Date 
· Return Date 
· Duration 
· Cost 
Separating rental information from rider and bicycle details ensures that transaction history can be maintained without repeating customer or bicycle information. This approach follows the principles of relational database design by storing each item of information only once and linking related records through defined relationships [1].

2.3 Bike
The Bike entity stores operational information for every electric bicycle managed by EcoRide.
The attributes include:
· Bike ID (Primary Key) 
· Bike Type 
· Condition 
· Status 
The Status attribute records whether a bicycle is available, currently rented or unavailable, while the Condition attribute stores information regarding its operational state. These attributes enable staff to determine bicycle availability quickly and support maintenance planning.
Each bicycle may be rented many times throughout its operational lifetime and may also have multiple maintenance records associated with it.

2.4 Maintenance
The Maintenance entity records servicing and inspection activities completed on individual bicycles.
The Maintenance table contains:
· Maintenance ID (Primary Key) 
· Maintenance Date 
· Maintenance Type 
· Maintenance Completed 
Recording maintenance information separately provides a complete servicing history for each bicycle while avoiding duplication within the Bike table. This also allows maintenance records to grow independently as additional servicing is completed.

2.5 Staff
The Staff entity stores details of employees responsible for inspecting or servicing bicycles.
The Staff entity contains:
· Staff ID (Primary Key) 
· Name 
Each member of staff may complete multiple maintenance activities throughout their employment. Separating staff information into its own entity ensures that employee details only need to be stored once and can be referenced whenever maintenance records are created.

2.6 Location
The Location entity represents the collection and return stations available throughout the EcoRide network.
The Location entity contains:
· Location (Primary Key) 
· Address 
Creating a separate Location entity prevents address information from being repeated for every bicycle. Instead, bicycles are linked to a single location through a relationship, improving data consistency and supporting future expansion should additional rental stations be introduced.

2.7 Entity Relationships
Once the entities had been identified, the relationships between them were established. Relationships are fundamental to relational databases because they enable information stored across multiple tables to be connected while maintaining data integrity [2].
A one-to-many relationship exists between Rider and Rental, as one rider may complete many rental transactions during their membership, while each rental belongs to one rider.
A second one-to-many relationship exists between Bike and Rental. Although a bicycle can only be hired by one rider at a specific point in time, it may appear in many rental transactions throughout its operational life.
The Location entity is linked to Bike through another one-to-many relationship. Each location may contain multiple bicycles, whereas each bicycle is assigned to one current location within the database.
The relationship between Bike and Maintenance allows multiple maintenance records to be associated with an individual bicycle, creating a complete servicing history without storing repeated maintenance information within the Bike table.
Finally, Maintenance is related to Staff, allowing each maintenance activity to be linked to the employee responsible for completing the inspection or repair. This improves accountability while providing a historical record of maintenance activities.
Collectively, these relationships form the foundation of the relational database and support efficient querying, reporting and future expansion while maintaining consistency across all tables [1], [4].

3. Entity Relationship Diagram (ERD)
An Entity Relationship Diagram (ERD) was produced using Chen notation, as specified within the assignment requirements. Chen notation represents entities as rectangles, attributes as ovals and relationships as diamonds, providing a conceptual view of the database before implementation [2].
The ERD identifies the six entities required by the EcoRide system together with their associated attributes, primary keys and relationship cardinalities. The diagram was developed before constructing the database in Microsoft Access to ensure that the relationships accurately reflected the operational requirements described in the scenario.
Primary keys are used to uniquely identify each entity, whilst one-to-many relationships define how records are connected across the database. Composite attributes have also been represented where appropriate, such as the Rider address, which has been separated into Street Name and Postcode.
Developing the ERD prior to implementation provided a clear blueprint for constructing the database tables, defining relationships and enforcing referential integrity within Microsoft Access. Producing a conceptual model before implementation is recognised as good database design practice because it allows the structure to be validated before data is entered [1], [3].
Figure 3.1 – Final Entity Relationship Diagram (Chen Notation)
[image: ]
4. Data Structure Development
Following the completion of the conceptual Entity Relationship Diagram (ERD), the EcoRide database was implemented within Microsoft Access using a relational database model. A relational database organises information into multiple related tables, reducing redundancy and improving data integrity by linking records through primary and foreign keys [1], [2]. This approach was selected because it provides a structured and scalable solution for managing the operational requirements of the EcoRide scheme.
The database consists of six tables:
· Rider 
· Rental 
· Bike 
· Maintenance 
· Staff 
· Location 
Each table was designed to represent a single business entity and contains attributes relevant only to that entity. This separation of data follows the principles of relational database design and supports normalisation by ensuring that each table has a clearly defined purpose [1].
Every table was assigned a Primary Key (PK) to uniquely identify each record. Relationships between tables were then created using Foreign Keys (FKs) where appropriate. Establishing these relationships enables data to be shared between tables without unnecessary duplication and ensures that related information remains consistent throughout the database [2].
To further protect the integrity of the data, Referential Integrity was enabled within Microsoft Access. Referential integrity prevents users from creating records that reference data which does not exist, helping to maintain consistency between related tables [4]. For example, a rental cannot be created unless a valid rider and bicycle already exist within the database.
Figure 4.1 – Relationships Window in Microsoft Access
[image: ]
The completed relationships are summarised below.
	Parent Entity
	Child Entity
	Relationship
	Business Rule

	Rider
	Rental
	One-to-Many
	One rider may have many rentals.

	Bike
	Rental
	One-to-Many
	One bike may be rented many times over its lifetime.

	Location
	Bike
	One-to-Many
	One location stores many bikes.

	Bike
	Maintenance
	One-to-Many
	One bike may have multiple maintenance records.

	Staff
	Maintenance
	One-to-Many
	One staff member may complete many maintenance activities.


Creating these relationships ensures that data remains consistent throughout the database while allowing complex information to be retrieved efficiently using queries. This relational approach also makes future expansion considerably easier, as additional riders, bicycles or maintenance records can be added without changing the underlying database structure.

5. Validation Rules Implementation
Validation is an important aspect of database design because it helps ensure that only accurate and meaningful information is stored within the system. Validation rules reduce the likelihood of human error by checking user input before data is committed to the database [1]. Microsoft Access provides several validation features that improve data quality, including required fields, data types, input masks and validation expressions [4].
Within the EcoRide database, validation rules were implemented to ensure that data entered into each table remained consistent and reflected the operational requirements of the system.

5.1 Data Types
Appropriate data types were selected for each field to ensure that information was stored correctly and to reduce the possibility of invalid data being entered.
Examples include:
	Field
	Data Type
	Justification

	Rider ID
	Short Text
	Supports alphanumeric identification numbers.

	First Name
	Short Text
	Stores textual information efficiently.

	Phone Number
	Short Text
	Preserves leading zeros and allows different number formats.

	Hire Date
	Date/Time
	Enables date calculations and sorting.

	Return Date
	Date/Time
	Records the completion of a rental transaction.

	Duration
	Number
	Supports numerical calculations.

	Cost
	Currency
	Stores monetary values accurately.


Selecting suitable data types improves storage efficiency and ensures that fields only accept appropriate values [3].


5.2 Required Fields
Fields that are essential to the operation of the EcoRide database were configured as Required within Microsoft Access.
Examples include:
· Rider ID 
· Rental ID 
· Bike ID 
· Maintenance ID 
· Staff ID 
This prevents incomplete records from being saved and ensures that every record can be uniquely identified.

5.3 Validation Rules
Validation rules were created to prevent users from entering information that would result in inaccurate or inconsistent records.
For example, a validation rule was applied to the Maintenance table to ensure that maintenance completion information met the required criteria before a record could be saved.








Figure 5.1 – Validation Rule Applied to the Maintenance Table
[image: ]
When invalid information is entered, Microsoft Access automatically displays an error message and prevents the record from being saved.
Figure 5.2 – Validation Rule Error Message
[image: ]
Implementing validation at the point of data entry improves the reliability of the database and reduces the need for later corrections, which is recognised as an important aspect of maintaining data quality within relational database systems [1].

5.4 Lookup Fields
Lookup fields were implemented to improve consistency when entering related information.
Rather than requiring users to manually type values, Microsoft Access allows existing records to be selected from another table. This reduces spelling errors and ensures that only valid records can be referenced.
Examples within the EcoRide database include selecting:
· A rider when creating a rental. 
· A bicycle for a rental transaction. 
· A staff member responsible for maintenance. 
· The location assigned to a bicycle. 
Using lookup fields also improves the usability of the database, particularly when multiple users are entering data on a regular basis.

5.5 Benefits of Validation
Implementing validation rules provides several practical benefits for the EcoRide database.
These include:
· Improving overall data accuracy. 
· Preventing incomplete records. 
· Reducing manual data entry errors. 
· Supporting reliable reporting. 
· Maintaining consistency across related tables. 
· Improving the quality of information used for decision making. 
Without appropriate validation, inaccurate information could reduce the effectiveness of reports and queries, potentially affecting operational decisions such as bicycle availability and maintenance scheduling.

6. Normalisation Compliance
Database normalisation is a structured process used to organise data into related tables in order to reduce redundancy and eliminate undesirable dependencies [1], [2]. The EcoRide database was designed to comply with Third Normal Form (3NF), ensuring that information is stored efficiently while maintaining consistency throughout the database.

6.1 First Normal Form (1NF)
First Normal Form requires that every attribute contains a single (atomic) value and that repeating groups are removed [2].
The EcoRide database satisfies First Normal Form because:
· Every table contains a unique primary key. 
· Each field stores only one value. 
· Repeating groups have been eliminated. 
· Rider names, email addresses and telephone numbers are stored separately rather than combined within a single field. 
For example, the Rider entity stores first name, last name and contact details as individual attributes, making the information easier to search, sort and update.

6.2 Second Normal Form (2NF)
Second Normal Form requires that every non-key attribute is fully dependent upon the entire primary key [1].
As each table within the EcoRide database uses a single primary key, every non-key attribute depends directly upon that key.
For example:
· The Bike table stores only bicycle-related information. 
· The Rider table stores only rider information. 
· Rental details are stored independently within the Rental table rather than duplicating rider or bicycle information. 
This separation removes partial dependencies and improves maintainability by ensuring that information only needs to be updated in one location.

6.3 Third Normal Form (3NF)
Third Normal Form removes transitive dependencies so that non-key attributes depend only upon the primary key and not upon other non-key attributes [1], [2].
The EcoRide database satisfies Third Normal Form because related information has been separated into independent entities.
For example:
· Rider information is stored exclusively within the Rider table. 
· Staff information is maintained within the Staff table. 
· Bicycle maintenance is recorded within the Maintenance table. 
· Rental locations are stored within the Location table. 
This design significantly reduces duplicated information while making future updates easier. For example, changing a member of staff's name requires only a single update within the Staff table rather than updating every maintenance record individually.
Normalisation also improves scalability by allowing additional riders, bicycles, maintenance activities and rental locations to be added without redesigning the database structure.



7. Sample Data Population
To demonstrate the functionality of the EcoRide database, realistic sample data was entered into each table. Populating the database with representative data is an important stage of implementation because it allows relationships, validation rules and queries to be tested under realistic operating conditions [3].
Each table contains a minimum of five records, satisfying the requirements of the assignment while providing sufficient data to demonstrate the capabilities of the database.
The sample data includes:
· Registered riders with unique identification numbers and contact details. 
· Electric bicycles with different types, conditions and availability statuses. 
· Rental transactions showing hire dates, return dates, durations and associated costs. 
· Maintenance records detailing inspections and servicing activities. 
· Staff members responsible for carrying out maintenance. 
· Rental locations representing different collection and return points across the EcoRide network. 
Using realistic sample data ensured that the database behaved as expected during testing and that meaningful results were returned when executing queries.
Figure 7.1 – Example of Populated Database Tables
[image: ]

8. Query Development
Queries are a fundamental feature of relational database management systems because they enable users to retrieve, filter and analyse data without modifying the underlying records [1]. Whilst tables provide structured storage for information, queries transform stored data into meaningful information that supports operational and management decision-making. Microsoft Access provides a range of query tools that allow users to combine data from multiple related tables, apply search criteria and present information in a format that is relevant to the organisation's requirements [4].
For the EcoRide database, several queries were developed to demonstrate how the database can support day-to-day operational activities. The selected queries focus on maintenance management, bicycle location, rider information and staff activity, reflecting the key business requirements identified within the original scenario.

8.1 Query 1 – Bicycles Due for Maintenance
One of the primary operational responsibilities within the EcoRide scheme is ensuring that bicycles are maintained regularly and remain safe for public use. To support this process, a query was created to identify bicycles whose maintenance completion date falls on or before a specified date.
The query applies a criterion to the Maintenance Completed field to retrieve only those maintenance records that satisfy the required condition. This enables maintenance staff to identify bicycles requiring inspection without manually reviewing individual maintenance records.
Figure 8.1 – Maintenance Due Query Design
[image: ]
Figure 8.2 – Maintenance Due Query Results
[image: ]
The use of this query demonstrates how relational databases improve operational efficiency by allowing maintenance schedules to be monitored quickly and accurately. Within a paper-based system, identifying bicycles requiring maintenance would require manual inspection of maintenance records, increasing both workload and the likelihood of human error [2].

8.2 Query 2 – Bicycles Located at Gower
The EcoRide scheme operates from multiple rental locations, making it important for staff to identify where bicycles are currently stored.
To demonstrate this functionality, a query was created to retrieve bicycles assigned to the Gower location.
The query combines data from the Bike and Location tables using the relationship established during the database design stage. Applying a location criterion returns only bicycles currently assigned to the selected station.
Figure 8.3 – Bicycles Located at Gower Query
[image: ]
This query supports operational planning by allowing staff to monitor bicycle distribution across the rental network. If one location has significantly fewer bicycles than another, management could use this information to redistribute bicycles more effectively.
The ability to retrieve location-based information demonstrates one of the key advantages of relational databases, where data stored across multiple tables can be combined dynamically without duplication [1].

8.3 Query 3 – Rider Contact Information
Customer communication is an important aspect of managing any rental service. A query was therefore developed to retrieve rider contact information, including names and telephone numbers.
The query displays selected fields from the Rider table, providing staff with quick access to customer contact details.
Figure 8.4 – Rider Contact Information Query
[image: ]Although relatively straightforward, this query demonstrates how stored information can be retrieved efficiently to support everyday business operations. Practical applications include contacting riders regarding overdue bicycles, confirming bookings or notifying customers of maintenance issues affecting their reservations.
The query also illustrates how a relational database improves accessibility by allowing information to be retrieved without searching individual records manually.

8.4 Query 4 – Bicycles Reviewed by Staff Member 2
The final query demonstrates the ability of Microsoft Access to retrieve information from multiple related tables.
This query identifies bicycles that have been reviewed by Staff Member 2, combining information stored within the Staff, Maintenance and Bike tables.
Relationships between these entities enable Microsoft Access to join the relevant records automatically, producing a single result set without duplicating information.
Figure 8.5 – Bicycles Reviewed by Staff Member 2
[image: ]
This query demonstrates one of the principal advantages of relational databases by showing how data stored across several entities can be combined to answer specific business questions. Rather than storing repeated staff information within the maintenance table, relationships allow the required information to be retrieved whenever it is needed [2].

8.5 Evaluation of the Queries
The queries developed for the EcoRide database demonstrate how a relational database can support the daily operation of an electric bicycle rental service.
Collectively, they enable staff to:
· Monitor bicycles requiring maintenance. 
· Locate bicycles at individual rental stations. 
· Retrieve rider contact information. 
· Review maintenance activities completed by specific staff members. 
These examples illustrate how queries transform stored data into meaningful operational information that supports both administrative tasks and management decision-making. Compared with the spreadsheet-based approach described in the assignment scenario, queries significantly reduce the time required to locate information while improving accuracy and consistency [3].

9. Testing and Reporting
Testing is an essential stage of database development because it confirms that the completed system operates as intended and satisfies the functional requirements identified during the design stage. Effective testing helps identify errors before a database is deployed and provides confidence that relationships, validation rules and queries are functioning correctly [1].
The EcoRide database was tested throughout development using a combination of positive and negative test cases. This ensured that both valid and invalid data were entered to verify that the database responded appropriately.

9.1 Validation Testing
Validation testing focused on confirming that the rules implemented within Microsoft Access prevented invalid information from being entered into the database.
The following tests were performed:
· Attempting to save records without completing required fields. 
· Entering invalid maintenance information. 
· Verifying that appropriate error messages were displayed when validation rules were breached. 
· Confirming that valid records were accepted successfully. 
These tests demonstrated that the validation rules operated correctly and helped maintain the overall quality and consistency of the stored data.

9.2 Relationship Testing
Relationships were tested to ensure that referential integrity had been implemented correctly.
The following checks were carried out:
· Rental records could only reference riders that already existed within the Rider table. 
· Rental records could only reference existing bicycles. 
· Maintenance records could only reference valid bicycles. 
· Maintenance records could only reference existing staff members. 
· Bicycles remained linked to valid rental locations. 
Testing confirmed that Microsoft Access prevented invalid relationships from being created, ensuring that orphan records could not occur. This demonstrates the importance of referential integrity within relational database systems [4].

9.3 Query Testing
Each query was executed using the populated sample data to confirm that accurate results were returned.
The maintenance query successfully identified bicycles due for servicing.
The location query correctly displayed bicycles assigned to the Gower rental station.
The rider query displayed customer contact information accurately.
The staff query successfully identified bicycles reviewed by the selected member of staff.
The successful execution of these queries demonstrates that the relationships established during implementation function correctly and that data can be retrieved efficiently across multiple related tables.

9.4 Test Results
The outcomes of the testing process are summarised in Table 9.1.
Table 9.1 – Database Testing Results
	Test
	Expected Outcome
	Actual Outcome
	Result

	Add new rider
	Record successfully saved
	Successful
	Pass

	Leave required field blank
	Record rejected
	Record rejected
	Pass

	Enter invalid maintenance data
	Validation message displayed
	Validation message displayed
	Pass

	Run Maintenance Due query
	Correct maintenance records returned
	Successful
	Pass

	Run Gower location query
	Correct bicycle records displayed
	Successful
	Pass

	Run Rider Contact query
	Rider details displayed correctly
	Successful
	Pass

	Run Staff Review query
	Correct maintenance information returned
	Successful
	Pass

	Verify table relationships
	Referential integrity maintained
	Successful
	Pass


The results indicate that all tested functionality performed as expected. No issues were identified that prevented the database from meeting the requirements specified within the assignment scenario.

9.5 Summary of Testing
Testing confirmed that the EcoRide database functions correctly and satisfies the functional requirements identified during the planning stage. Relationships, validation rules and queries all operated as expected, while referential integrity ensured that only valid relationships could be created between records.
The completed implementation demonstrates how a relational database can improve the management of rider registrations, bicycle availability, maintenance activities and rental transactions when compared with the manual processes described within the original scenario. Furthermore, the testing process provides assurance that the database is sufficiently robust to support the operational needs of the EcoRide scheme whilst providing a foundation for future enhancements.

10. Evaluation and Reflection
The primary objective of this project was to design and implement a relational database that addressed the operational requirements of the EcoRide electric bike rental scheme. The completed solution successfully replaces the manual paper-based processes described in the scenario with a structured relational database capable of managing riders, bicycles, rental transactions, maintenance records, staff members and rental locations.
Throughout the design process, emphasis was placed on creating a database that was both functional and maintainable. Rather than storing all information within a single table, the data was separated into logical entities connected through relationships. This approach follows recognised relational database design principles by reducing redundancy, improving consistency and ensuring that data can be maintained efficiently over time [1], [2].
One of the key strengths of the completed database is its use of normalisation. Separating riders, bicycles, maintenance records and staff information into individual tables reduces duplicated information and simplifies future updates. For example, if a member of staff changes role or contact details, only a single record requires updating rather than multiple maintenance records. Similarly, rider information is stored independently of rental transactions, ensuring that customer details remain consistent regardless of the number of bicycles hired.
The implementation of primary keys, foreign keys and referential integrity also contributes significantly to the reliability of the database. These features ensure that relationships between records remain valid and prevent inconsistent or orphaned data from being created. Maintaining referential integrity is considered a fundamental principle of relational database management because it helps preserve data accuracy throughout the system [1], [4].
Validation rules further improve the quality of the database by preventing invalid or incomplete information from being entered. By validating information during data entry rather than relying solely on manual checking, the database reduces the possibility of human error and supports more reliable reporting. This is particularly important in operational systems where inaccurate information could affect bicycle availability, maintenance scheduling or customer records.
The queries developed during the implementation demonstrate the practical benefits of the relational design. Rather than simply storing information, the database is capable of producing meaningful operational reports that support day-to-day management activities. Queries identifying bicycles requiring maintenance, displaying rider contact information or locating bicycles at specific rental stations provide valuable operational insight that would be difficult and time-consuming to obtain using paper records or spreadsheets alone [3].
Overall, the completed database satisfies the functional requirements identified within the assignment brief while demonstrating the practical application of relational database principles. The implementation provides a structured, scalable solution that could be further developed into a larger operational system.

10.1 Challenges Encountered
Although Microsoft Access provides a user-friendly environment for developing relational databases, several challenges were encountered throughout the project.
The initial challenge involved translating the business requirements described within the scenario into a suitable relational database design. The assignment intentionally provides only a high-level overview of the EcoRide system, requiring several design decisions to be made independently. Identifying the appropriate entities, determining their attributes and defining the relationships between them required careful analysis to ensure that the database reflected the operational processes accurately while remaining compliant with normalisation principles.
A second challenge involved producing the Entity Relationship Diagram using Chen notation. Although Microsoft Access automatically creates relationship diagrams, these differ significantly from conceptual ERDs. Converting the implemented database into a Chen diagram required a clear understanding of entities, attributes, relationship diamonds, cardinality and participation. During development, the ERD underwent several revisions to ensure that foreign keys were represented through relationships rather than attributes and that the cardinality accurately reflected the business rules described within the scenario.
Validation rules also required careful consideration. Whilst Microsoft Access makes it relatively straightforward to apply validation expressions, selecting appropriate rules required consideration of the types of errors users might reasonably make during data entry. Testing both valid and invalid data ensured that the rules restricted inappropriate input without preventing legitimate records from being entered.
Finally, developing meaningful queries required the creation of realistic sample data. Initial testing highlighted that limited sample records produced relatively simple outputs. Expanding the data within each table allowed the queries to demonstrate more realistic operational scenarios and better illustrate the advantages of a relational database.
These challenges provided valuable practical experience of the complete database development lifecycle, from initial analysis and conceptual modelling through to implementation, testing and evaluation.

10.2 Future Improvements
Although the completed database satisfies the requirements of the assignment, several enhancements could be implemented if EcoRide were developed as a production system.
The most significant improvement would be the introduction of a dedicated client-server database platform such as Microsoft SQL Server or MySQL. Whilst Microsoft Access is well suited to small-scale applications and educational projects, enterprise database management systems provide significantly greater scalability, performance and security for multi-user environments [3].
A second enhancement would involve the development of a web or mobile application that communicates directly with the database. Riders could register online, reserve bicycles and scan QR codes to begin and end rental periods automatically. This would remove the need for manual data entry while improving the overall user experience.
Role-based access control could also be introduced to improve database security. Different permissions could be assigned to administrators, maintenance engineers and customer service staff, ensuring that users only have access to the information required to perform their role. Implementing the principle of least privilege is widely recognised as an important aspect of information security and database administration [5].
Additional automation could further improve operational efficiency. Examples include:
· Automatic calculation of rental charges based on rental duration. 
· Email or SMS reminders for overdue bicycle returns. 
· Notifications when bicycles become due for maintenance. 
· Automatic reporting of bicycle utilisation statistics. 
· Dashboard reporting for management. 
Finally, reporting functionality could be expanded to provide business intelligence regarding bicycle usage, maintenance trends and customer activity. Such information could support evidence-based decision making, enabling EcoRide management to identify high-demand locations, monitor maintenance performance and optimise the distribution of bicycles across the network.


11. Conclusion
The purpose of this coursework was to design and implement a relational database that addressed the operational requirements of the EcoRide electric bike rental scheme. The completed Microsoft Access database successfully provides a structured solution for managing rider registrations, bicycle information, rental transactions, maintenance activities, staff records and rental locations.
The project demonstrated the application of key relational database concepts including entity modelling, primary and foreign keys, relationships, referential integrity, validation rules and normalisation to Third Normal Form (3NF). Applying these principles has resulted in a database that reduces data redundancy, improves consistency and supports efficient retrieval of information through queries [1], [2].
The practical implementation illustrates how a relational database provides significant advantages over the manual paper-based processes described within the assignment scenario. Information can be stored securely, retrieved efficiently and maintained more accurately, while relationships between entities ensure that data remains consistent throughout the system.
The completed queries demonstrate the operational value of the database by allowing staff to identify bicycles requiring maintenance, retrieve rider information and monitor bicycle locations. These capabilities would support more effective management of the EcoRide scheme while reducing the administrative effort associated with manual record keeping.
Overall, the project has reinforced the importance of careful database planning before implementation. Producing the Entity Relationship Diagram, applying normalisation and enforcing referential integrity ensured that the completed database remained logically structured and capable of supporting future expansion. Although several enhancements could be introduced in a production environment, the completed implementation satisfies the functional requirements of the assignment and provides a solid foundation for future development.
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