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[bookmark: _Toc376146779]Introduction
[bookmark: _Int_7nTjH5Hc]The aim of this project was to design and create a relational database for EcoRide, an electric bike rental scheme. EcoRide allows people to rent electric bikes from different locations, such as train stations, parks, and university campuses, and return them to another station when they have finished using the bike.
Now, the organisation relies on paper records and spreadsheets to manage rider information, bike records, and rental transactions. Although this may work when there are only a small number of users, it can easily lead to problems as the service grows. For example, bikes may be double booked, maintenance records may be difficult to track, and staff may struggle to find accurate information when it is needed.
To solve these issues, I designed and implemented a relational database using Microsoft Access. The purpose of the database is to store and organise information about riders, bikes, rentals, maintenance activities, and staff members. Throughout this project I applied database design principles, including relationships, validation rules, and normalisation, to ensure that the system would be organised, efficient and reliable.
This report explains the decisions I made during the design process, how the database was developed and tested, and how it could help improve the day-to-day management of the EcoRide rental scheme.
[bookmark: _Toc363217487]Scenario Analysis
Before I started building the database, I needed to understand exactly what information EcoRide would need to store and manage. After reading the scenario, I identified five main entities that would be required within the system.
The first entity is Rider. This table stores information about the people using the service, including their name, contact details and ID number. Every rental must be linked to a rider, so this was an essential part of the database.
The second entity is Bike. This stores information about each electric bike, such as the bike type, condition, location, and availability status. Keeping this information up to date makes it easier for staff to see which bikes are available and which may require repairs or maintenance.
The Rental table was created to record the transactions that take place between riders and bikes. Each rental record stores information such as the rental date, return date, duration, and cost. I considered this one of the most important tables because it links together riders and bikes while recording the actual use of the service.
I also created a Staff table to store information about employees who inspect and service the bikes. Finally, a Maintenance table was added to record all servicing and repair activities carried out on each bike.
According to Microsoft, a well-designed database should separate information into different tables and connect them using relationships. This reduces duplicated data and makes the system easier to maintain [1]. This principle influenced the overall design of my database. 
[bookmark: _Toc285824877]Entity Relationship Diagram
Before creating the database, I designed an Entity Relationship Diagram (ERD) to help visualise the structure of the system. Creating the ERD gave me a clearer understanding of how the different parts of the database would connect and allowed me to identify the primary keys and foreign keys needed within each table.
The database consists of five main entities: Rider, Bike, Rental, Staff and Maintenance. These entities were chosen because they represent the key information required for the EcoRide scheme to operate efficiently.
The relationships between the entities were designed as one-to-many relationships where appropriate. For example, one rider can make multiple rentals, but each rental belongs to only one rider. Likewise, one bike can be associated with many rental records throughout its lifespan, while a maintenance record relates to one bike and one staff member.
Creating the ERD before building the database helped me avoid mistakes later in the design process and ensured that all the required information could be stored without unnecessary duplication.
Figure 1. EcoRide Entity Relationship Diagram (Chen Notation)
[image: ]
This figure shows the entities, attributes and relationships used in the EcoRide database design.
Figure 2: Microsoft Access Relationships Window
[image: ]
This figure shows the relationships between the database tables using primary and foreign keys.
[bookmark: _Toc1469517005]Database Design and Structure
Once I had identified the entities, I created the tables in Microsoft Access and began defining the relationships between them. I found that creating the relationships was one of the most important stages because it allowed the tables to work together rather than existing as separate sets of information.
Each table was given a primary key to uniquely identify every record. For example, RiderID was used to identify riders, BikeID was used for bikes and RentalID was used for rental transactions. Foreign keys were then added where necessary to connect related tables together.
For example, the Rental table contains both a RiderID and BikeID, allowing the system to identify which rider rented which bike. Similarly, the Maintenance table links both bikes and staff members so that a full maintenance history can be stored.
Microsoft explains that relationships and referential integrity help maintain data consistency by ensuring that related records remain valid. This helps prevent mistakes such as creating rental records for riders or bikes that do not exist within the system [4].
When building the database, I decided to keep the structure as simple as possible while still meeting all the requirements from the scenario. This made the database easier to understand and reduced the risk of unnecessary complexity.
Figure 3 – Rider Design View
[image: ]
This figure shows the design of the Rider table, including the field names, data types, and primary key.
Figure 4 – Bike Design View
[image: ]
This figure shows the design of the Bike table used to store information about each bike.
Figure 5– Rental Design View
[image: ]
This figure shows the Rental table, including the foreign keys used to link riders and bikes.
Figure 6 – Staff Design View
[image: ]
This figure shows the Staff table used to store employee information.
Figure 7 – Maintenance Design View
[image: ]
This figure shows the Maintenance table used to record bike servicing and repairs. 
[bookmark: _Toc2063571739]Validation Rules
When designing the database, I wanted to ensure that users could only enter accurate and valid information. To achieve this, I implemented a range of validation rules within Microsoft Access.
Several fields were set as required to prevent essential information being left blank. For example, rider names and identification numbers must be entered before a record can be saved. Appropriate data types were also assigned to each field to ensure that text, dates, and numerical values were stored correctly.
I also applied validation rules to certain fields. Rental costs were restricted to positive numbers only, while bike status values were limited to predefined options such as Available, Rented and Under Maintenance. This helps maintain consistency throughout the database and reduces the risk of errors during data entry.
Although these validation rules may seem simple, they play a key role in maintaining data quality and ensuring that reports and queries return reliable information [3].
Figure 8 – Bike Status Validation
[image: ]
This figure shows the validation rule used to ensure only valid bike status values can be entered.
Figure 9 – Rental Cost Validation
[image: ]
This figure shows the validation rule that prevents negative rental costs from being entered.
Figure 10 – Validation Error
[image: ]
This figure shows the validation message displayed when incorrect data is entered into the database.
[bookmark: _Toc1862499187]Normalisation
The database was normalised to Third Normal Form (3NF) to keep the data organised and reduce duplication. When creating the database, I separated the information into different tables such as Rider, Bike, Rental, Staff and Maintenance. This means information only needs to be stored once instead of being repeated throughout the database. For example, rider details are stored in the Rider table and linked through RiderID rather than being entered every time a rental is created. The tables are connected using primary and foreign keys, which helps keep the data accurate and makes the database easier to manage. Overall, normalisation helped create a more efficient database and reduced the risk of errors caused by duplicate information.
IBM states that normalisation helps reduce redundancy and improve consistency within a database system. By organising the data into separate but related tables, the database becomes easier to maintain and less likely to contain errors [2]. 
[bookmark: _Toc1674056047]Sample Data Population
After creating the tables and relationships, I populated the database with sample data to test its functionality. The data was designed to simulate realistic usage of the EcoRide bike rental service and included records for riders, bikes, rentals, maintenance activities, and staff members.
Adding sample data allowed me to test relationships between tables and confirm that all components of the system worked correctly. It also made it possible to create and test queries using realistic information rather than empty tables.
The sample records included bikes with different availability statuses, riders with unique identification information, rental transactions and maintenance records completed by staff members.
Using realistic data helped demonstrate how the database would operate in a real-world environment and provided useful examples when testing system functionality.
Figure 11 - Rider table
[image: ]
This figure shows example records stored in the Rider table.
Figure 12- Bike table
[image: ]
This figure shows example records stored in the Bike table.
Figure 13- Rental table
[image: ]
This figure shows example rental records stored in the Rental table.
Figure 14- Staff table
[image: ]
This figure shows example records stored in the Staff table.
Figure 15 - Maintenance table
[image: ]This figure shows example maintenance records stored in the Maintenance table.
[bookmark: _Toc405077612]Query Development
Queries were created to demonstrate how the database could be used by EcoRide staff to retrieve useful information quickly and efficiently.
One of the queries displays bikes that are currently rented and therefore unavailable for new customers. This could help staff identify which bikes are currently in use at any given time.
Another query was designed to identify bikes that require maintenance. This allows maintenance work to be planned and helps ensure that bikes remain safe and operational.
I also created a query showing rentals linked to a specific rider. This can be useful when reviewing customer activity or resolving disputes regarding rental history.
An additional query was developed to identify the most frequently rented bikes. This information could help management understand usage patterns and make decisions regarding future bike purchases.
Finally, a maintenance history query allows staff to review servicing records for individual bikes. This provides a clear maintenance history and helps identify recurring issues.
Together, these queries demonstrate how the database can support both operational and management decisions within the EcoRide scheme.
Figure 16- Current Rentals: Design view 
[image: ]
This figure shows the design of the Current Rentals query.
Figure 17-Current Rentals: Results
[image: ]This figure shows the results returned by the Current Rentals query.
Figure 18- Rider Rentals: Design view
[image: ]
This figure shows the design of the Rider Rentals query.
Figure 19- Rider Rentals: Results
[image: ]
This figure shows the results returned by the Rider Rentals query.
Figure 20- Service Needed: Design View
[image: ]
This figure shows the design of the Service Needed query.
Figure 21- Service Needed: Results
[image: ]
This figure shows the results returned by the Service Needed query.
Figure 22- Maintenance History: Design View
[image: ]
This figure shows the design of the Maintenance History query.
Figure 23- Maintenance History: Results
[image: ]
This figure shows the results returned by the Maintenance History query.
Figure 24- Most Frequently Rented: Design View
[image: ]
This figure shows the design of the Most Frequently Rented query.
Figure 25- Most Frequently Rented: Results
[image: ]
This figure shows the results returned by the Most Frequently Rented query.
[bookmark: _Toc547479325]Testing
Once the database had been completed, I carried out testing to ensure that it met the requirements of the scenario and functioned correctly.
The testing process involved adding records, editing existing information, and running queries to confirm that accurate results were returned. I also tested the relationships between tables to ensure that referential integrity was working correctly.
The results showed that the database performed as expected and was able to store, retrieve and display information successfully.
	Test
	Expected Result
	Actual Result
	Outcome

	Add rider record
	Record saved successfully
	Successful
	Pass

	Add rental record
	Rental linked correctly
	Successful
	Pass

	Run bike query
	Correct bikes displayed
	Successful
	Pass

	Run maintenance query
	Correct records displayed
	Successful
	Pass

	Test relationships
	Relationships maintained
	Successful
	Pass

	Enter invalid rental cost
	Error message
	Error displayed
	Pass

	Leave required field blank
	Record not saved
	Record rejected
	Pass


Overall, testing confirmed that the database satisfies the requirements outlined within the EcoRide scenario.
Figure 26: Validation error
[image: ]
This figure shows the error message displayed when invalid data is entered into the database.
Figure 27: Successful query result
[image: ]
This figure shows a successful database test demonstrating that the database functions correctly and returns accurate information.
[bookmark: _Toc1052995438]Conclusion
Overall, I am pleased with the final database that I produced for the EcoRide bike rental scheme. It meets the requirements of the scenario and provides a much more organised way of storing and managing information than the paper-based system currently being used.
One of the areas I found most challenging was creating the relationships between the tables. At the beginning, I sometimes found it difficult to decide where pieces of information should be stored and how the tables should connect to one another. However, once I completed the ER diagram, the overall structure became much clearer and easier to implement.
I also gained a much better understanding of primary keys, foreign keys, and referential integrity throughout this project. Before completing the database, I understood these concepts in theory, but building an actual database helped me see how they are applied in practice.
If I were to continue developing this project, I would like to add features such as online bookings, automatic payment processing, and live tracking of bike locations. These additions would make the system even more useful and closer to what would be expected in a real-world environment.
Overall, this project has helped me develop both my technical database skills and my understanding of how databases can be used to solve real business problems. The completed system follows the principles of relational database design by organising data into related tables and reducing unnecessary duplication [5].
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Figure 1. EcoRide Entity Relationship Diagram (Chen Notation)
Figure 2. Microsoft Access Relationships Window
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Figure 3. Rider Table – Design View
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Figure 4. Bike Table – Design View
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Figure 5. Rental Table – Design View
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Figure 6. Staff Table – Design View
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Figure 7. Maintenance Table – Design View
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Figure 8. Bike Table Validation Rule (Status Field)
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Figure 9. Rental Table Validation Rule (Cost Field)
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Figure 10. Validation Error Message
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Figure 11. Rider Table Sample Data
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Figure 12. Bike Table Sample Data
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Figure 13. Rental Table Sample Data
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Figure 14. Staff Table Sample Data
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Figure 15. Maintenance Table Sample Data
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Figure 16. Current Rentals Query – Design View
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Figure 17. Current Rentals Query – Results
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Figure 18. Rider Rentals Query – Design View
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Figure 19. Rider Rentals Query – Results
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Figure 20. Service Needed Query – Design View
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Figure 21. Service Needed Query – Results
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Figure 22. Maintenance History Query – Design View
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Figure 23. Maintenance History Query – Results
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Figure 24. Most Frequently Rented Query – Design View
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Figure 25. Most Frequently Rented Query – Results
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Figure 26. Validation Error Message
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Figure 27. Successful Database Test Showing Correct Query Output
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