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[bookmark: _Toc1610851757]Introduction

Eco_Ride, an electric bike rental initiative, aims to encourage environmentally friendly travel across public spaces such as parks, university campuses, and major transport hubs. As these sustainable transport schemes expand, the need for efficient information management becomes increasingly important, with carefully structured database systems serving as the backbone for efficient and dependable daily management of operations [1].
[bookmark: _Toc2077229956]Scenario Analysis

The current use of paper records and simple spreadsheets hinders the authority’s ability to accurately track bike usage, monitor availability, and manage maintenance activities efficiently. The move to a structured database must therefore address several concrete problems: the lack of accurate records for riders, incomplete tracking of rental activity, informal maintenance monitoring, and poor visibility of bike location and status across multiple public sites such as parks, train stations, and university campuses. The analysis of these issues directly informs the entities, attributes, and relationships required in the database design, in line with established conceptual modelling practices [2].
[bookmark: _Int_59IS9SxA]Since riders obtain bikes by scanning an ID at rental stations, the system needs to accurately recognise each individual and associate them with their rental records. This requirement supports the creation of a Riders entity containing key personal and contact information, along with a unique identifier used at stations. The problem of double‑bookings and unreturned bikes indicates that each Rental needs to be recorded with precise rental and return dates, costs, and links to the bike, rider, and staff member involved, so that active and completed rentals can be distinguished and audited. The lack of visibility over which bikes are available, in use, or under repair shows the need for a Bikes entity that stores current condition, availability, and station location, supported by lookup entities such as BikeType, Condition, and Availability to standardise these values.
Informal tracking of maintenance means the organisation cannot easily see which bikes are safe, recently serviced, or repeatedly failing. This requires a dedicated Maintenance entity that records each inspection or repair, including dates, parts replaced, notes, costs, and the staff member responsible. The requirement to “track staff involvement” further justifies a Staff entity, allowing the system to attribute operational and maintenance actions to individual employees. Finally, because Eco_Ride operates across multiple public locations, a Station entity is needed to represent each site and support reporting on bike distribution and usage by location. Together, these entities and their attributes form a database structure that directly responds to the operational weaknesses described in the scenario and provides the foundation for reliable summaries and usage analysis.

[bookmark: _Toc586179806]1.1 Identified Entities and Attributes

[bookmark: _Toc884407808]Rider Table

Stores information about individuals registered to use Eco_Ride.

Attributes: 

· RiderID (PK) 
· FirstName 
· LastName 
· HouseNumber/Name
· StreetName
· City
· Postcode
· PhoneNumber 
· Email

[bookmark: _Toc1578042842]Bikes Table

Represents each electric bike in the fleet. 

Attributes: 

· BikeID (PK) 
· SerialNumber 
· BikeTypeID (FK) 
· ConditionID (FK) 
· AvailabilityID (FK) 
· StationID (FK)

[bookmark: _Toc1399242852]Staff Table

Employees responsible for rentals and maintenance. 

Attributes: 

·  StaffID (PK) 
· FirstName 
· LastName 
· JobRole
· Salary

[bookmark: _Toc1655181024]Rentals Table

Records each bike rental transaction.

 Attributes: 

· RentalID (PK) 
· RiderID (FK) 
· BikeID (FK) 
· StaffID (FK) 
· RentalDate 
· ReturnDate 
· Cost

[bookmark: _Toc701387249]Maintenance Table

Tracks servicing and repair activities. 

Attributes: 

· MaintenanceID (PK)
· BikeID (FK)
· StaffID (FK)
· MaintenanceType
· CurrentCondition (FK)
· StartDate
· CompletedDate
· PartsReplaced
· Notes
· Cost
· NextServiceDueDate

[bookmark: _Toc723691706]Station (Lookup Table)

Represents physical locations where bikes are stored. 

Attributes: 

· StationID (PK)
· StationName
· Address

[bookmark: _Toc389766953]BikeType (Lookup Table) 

Defines the category of each bike. 

Attributes: 
· BikeTypeID (PK) 
· TypeName

[bookmark: _Toc1730959436]Condition (Lookup Table) 

Describes the condition of each bike. 

Attributes: 

· ConditionID (PK) 
·  ConditionName

[bookmark: _Toc1402308549]Availability (Lookup Table) 

Indicates whether a bike is available, unavailable, or under maintenance. 

Attributes: 

· AvailabilityID (PK) 
· StatusName

[bookmark: _Toc2058711202]Entity-Relationship Diagram (ERD)

The Entity–Relationship Diagram (ERD) provides a visual framework of the Eco_Ride database, detailing the connections and interactions among its main entities. It translates the scenario analysis into a technical model that defines how data will be stored, linked, and maintained. The ERD includes both operational entities and supporting lookup tables, ensuring that the system can handle rider registration, bike tracking, rental processing, maintenance logging, and staff accountability across multiple public locations.
The initial ERD focused on the core operational entities: Riders, Bikes, Rentals, Staff, and Maintenance. These were designed to capture rider registration, rental transactions, bike servicing, and staff involvement. Relationships such as Orders, Usage, Employs, and Servicing were used to define how these entities interact, with one‑to‑many cardinalities ensuring that each customer, bike, or staff member could be linked to multiple records.
However, after reviewing the scenario more closely and identifying gaps in visibility and data consistency, several improvements were made to the database design. New supporting entities — Condition, Availability, BikeType, and Station — were added to enhance the system’s ability to track bike status, categorise equipment, and manage location‑based operations. These additions were not present in the original ERD but have since been implemented to address specific weaknesses in the paper‑based system, such as double‑bookings, unclear maintenance status, and poor visibility of bike distribution across parks, train stations, and university campuses.
• 	Condition standardises how bike health is recorded (e.g., good, damaged, needs service).
• 	Availability allows the system to distinguish between bikes that are available, in use, or under maintenance.
• 	BikeType categorises bikes by model.
• 	Station (represented as “Location” in the ERD) links each bike to a physical site, enabling location‑based reporting and planning.
These improvements ensure that the database can now support more accurate tracking, reduce redundancy, and produce reliable summaries of service usage. The updated ERD reflects these enhancements and provides a complete blueprint for implementation in Microsoft Access
[image: ]Figure 1: Initial ERD (Early Design Before Improvements)

[image: ]Figure 2: Final ERD Including Added Lookup Tables (Condition, Availability, BikeType) and Station

[bookmark: _Toc1367933948]Data Structure Development

The development of the Eco_Ride database structure involved moving from the conceptual model to a fully defined set of relational tables within Microsoft Access. At this stage, the focus shifts from identifying entities and relationships to implementing them with appropriate data types, validation rules, and integrity constraints. Studies on cardinality and functional dependencies demonstrate how applying these principles reduces data duplication and ensures that the database mirrors real-world processes accurately [3].
Each table was created with a primary key to uniquely identify records and ensure that all other attributes depend on that key. This approach supports clear functional dependencies and prevents anomalies during updates or deletions. For example, RiderID determines all customer‑related attributes, while BikeID determines the attributes associated with each bike.
[image: ]Figure 3: Rider Table Shown in Design View (Outlining RiderID as the Primary Key and its attributes).

[image: ]Figure 4: Bike Table Shown in Design View (Outlining BikeID as the Primary Key and its Attributes Including Foreign Keys).
To maintain consistency across frequently repeated values, several lookup tables were implemented: Condition, Availability, BikeType, and Station. These tables store controlled lists of valid entries, which are then referenced by the Bikes table through foreign keys. This ensures that attributes such as bike condition or availability status cannot be entered incorrectly or inconsistently.
[image: ]
Figure 5: Example of StationID created as a Lookup Table – Providing relevant information on location within my Bike Table
Data validation rules were applied to individual fields to ensure that essential information is always captured correctly. For example, “Is Not Null” was used in mandatory fields to prevent users from leaving them blank, ensuring that key details such as bike serial numbers are always recorded. These rules help maintain data completeness and reduce the risk of missing or incomplete records.
[image: ]Figure 6: Validation Rule Set within Bike Table under SerialNumber to ensure field is not left blank.
[image: ]Figure 7: Showing Condition Table with a “In” Validation Rule – This is to ensure that data entered remains consistent and restrict the wrong inputs to reduce confusion

Referential integrity was enforced across all relationships to ensure that linked records remain consistent. Foreign key constraints prevent actions such as creating a rental for a non‑existent customer or deleting a bike that is still referenced in a rental or maintenance record. Enabling referential integrity ensures that the database reflects the real‑world dependencies between customers, bikes, staff, and operational activities.

[image: ]
Figure 8: Example of Rider Table being Enforced with Referential Integrity allowing for Cascade Update and Cascade Delete
[image: ]Figure 9: Showing what relationships look like when Enforced with Referential Integrity

Together, these design decisions create a robust and reliable data structure that supports the operational requirements of the Eco_Ride service. By combining controlled lookup tables, validation rules, and enforced relationships, the implemented database provides a stable foundation for accurate data entry, reporting, and future system expansion.

[bookmark: _Toc208810852]Normalisation Compliance

Normalisation was applied to the Eco_Ride database to reduce redundancy, improve consistency, and prevent long‑term maintenance issues. By analysing functional dependencies and restructuring attributes, the design implemented a cleaner and more efficient schema. Through examining the dependencies among data fields and reorganising attributes, the database was structured into a more streamlined and effective schema. Evidence suggests that failing to normalise can create technical debt, complicate future modifications, and increase maintenance costs [4]. Early application of normalisation principles supports a reliable and scalable system foundation.
[bookmark: _Toc345140853]First Normal Form (1NF)

To meet 1NF, each table was checked to ensure all fields held atomic values with no repeating groups. Customer names, staff details, and contact information were split into separate fields, creating a clear and consistent structure for later refinement
[image: ]
Figure 10: Rider table in Design View showing atomic fields

[bookmark: _Toc58847608]Second Normal Form (2NF)

Since all tables use single‑field primary keys, partial dependencies did not occur. However, repeated descriptive values in the Bikes table were moved into lookup tables to meet 2NF, ensuring each non‑key attribute depended only on its primary key. This reduced duplication and improved overall consistency.
[image: ]Figure 11: Bikes table showing foreign keys replacing repeated text values
[bookmark: _Toc1403199691]Third Normal Form (3NF)

To meet the requirements of 3NF, transitive dependencies were removed by ensuring that non‑key attributes did not depend on other non‑key attributes. Descriptive information such as station names, condition descriptions, and availability statuses was relocated to dedicated lookup tables. This prevents inconsistencies, such as variations in spelling or formatting, and ensures that updates to shared values occur in a single location.

[image: ]Figure 12: Lookup table Condition in datasheet view showing ConditionID and ConditionName
[image: ]Figure 13: Lookup table Condition showing Primary key and descriptive field

[bookmark: _Toc2059466565]Sample Data Population 

To demonstrate how the Eco_Ride database operates in realistic scenarios, each table was populated with at least five rows of sample data. The entries reflect typical use cases, including rider registrations, bike records, rental activity, and maintenance logs. This sample data allows the system’s relationships, validation rules, and workflows to be tested effectively.
[bookmark: _Toc160724416]Riders Table

Five example riders were added, including realistic names, contact details, and addresses.
[image: ]Figure 14: Riders table in Datasheet View showing 5 sample rider records
[bookmark: _Toc298683692]Bikes Table

The Bikes table was populated with a range of bike types, conditions, and availability statuses to reflect the variety of bikes in the system.
[image: ]
Figure 15: Bikes table with 6 sample bike entries
[bookmark: _Toc886714998]Rentals Table

Sample rental records were created to show typical hire activity, linking riders to specific bikes and including rental and return dates.
[image: ]Figure 16: Rentals table showing 5 rental transactions
[bookmark: _Toc351376136]Staff Table 
The Staff table was populated with five example employees, including names, roles, and contact information to reflect typical staffing within Eco_Ride. 
[image: ]
Figure 17 Staff table showing 5 staff members

[bookmark: _Toc612830114]Maintenance Table

Six maintenance logs were added to demonstrate how bike servicing is recorded, including dates, maintenance types, and staff involvement.
[image: ]Figure 18: Maintenance table with 6 maintenance entries

[bookmark: _Toc1605686055]Query Development 

A series of practical queries were created to demonstrate how the Eco_Ride database can be used to support day‑to‑day operations. These queries show how staff can quickly retrieve useful information, monitor bike usage, and manage rentals and maintenance activities
[bookmark: _Toc1425845312]Available bikes

A query was developed to display all bikes currently marked as available. This allows staff to see which bikes can be rented out immediately
[image: ]
Figure 19: Showing all bikes that are currently available

[bookmark: _Toc1588058843]Cruiser Bikes Currently Out of Service

This query filters the bike records to show only cruiser‑type bikes that are marked as out of service. It helps staff identify which cruiser models require attention before they can be rented again.
[image: ]
Figure 20: Showing all cruiser-type bikes currently out of service

[bookmark: _Toc679996190]Number of Times Each Bike Was Rented

A totals query was created to count how many times each bike appears in the Rentals table. This highlights the most frequently used bikes and supports decisions about maintenance scheduling or bike expansion.
[image: ]
Figure 21: Showing which bikes were rented out the most paired with bike types

Bikes With the Next Service Due Date
This query retrieves upcoming service dates from the Maintenance table, allowing staff to see which bikes are due for maintenance soon. It supports proactive servicing and helps keep the bikes in good condition.
[image: ]
Figure 22: Showing all bikes next service date


[bookmark: _Toc1992011726]Validation and Testing

The Eco_Ride database was tested to ensure that the forms, controls, and navigation features support accurate and efficient data entry. The testing process focused on usability, validation behaviour, and whether the forms allowed users to add, edit, and manage records without errors.
[bookmark: _Toc1321719335]Testing Forms

When designing the database, forms were created. Each form was tested to confirm that it displayed the correct fields, followed by the table structure, and allowed users to enter data smoothly. The forms included built‑in validation through required fields, lookup lists, and data types, helping prevent incorrect or incomplete entries.
[image: ]Figure 23: Rider Form showing fields and layout
[bookmark: _Toc1217016823]Testing Navigation and Action Buttons

Custom buttons were added to improve usability, including options to add new records, save changes, delete entries, and move to the next or previous record. These buttons were tested to ensure they performed the correct actions and did not cause errors or unintended changes.
•   Add New Record button successfully opened a blank entry
•   Save Record button stored the data without validation errors
•  Delete Record button removed the selected entry while respecting referential integrity
•  Next/Previous buttons allowed smooth navigation through records
[image: ] Figure 24: Form showing navigation and action buttons
[bookmark: _Toc1853159908]Validation Behaviour

Validation rules were tested by intentionally entering incorrect or incomplete data. The system correctly displayed warnings for missing required fields, invalid data types, or values outside allowed ranges. Lookup fields also restricted users to valid options, improving consistency.
[image: ]Figure 25: Example of a validation message when trying to leave BikeType as a blank field
7.4 Overall Evaluation
Testing confirmed that the forms provide a user‑friendly interface for managing riders, staff, bikes, rentals, and maintenance records. The navigation buttons worked reliably, validation rules operated as intended, and the forms supported efficient and accurate data entry throughout the system.



[bookmark: _Toc2047265679]Summary

The Eco_Ride database was developed to provide a structured system for managing riders, staff, bikes, rentals, and maintenance activities. Key design decisions focused on creating a fully normalised structure to reduce redundancy, improve accuracy, and support reliable querying. Forms were built to streamline data entry, with custom buttons for adding, saving, deleting, and navigating records, making the system easier to use.
A significant challenge was ensuring that the Entity Relationship Diagram (ERD) correctly reflected the normalised design. Early versions did not fully meet 1NF, 2NF, and 3NF requirements, so the tables and relationships had to be revised, and the ERD updated to match the final structure.
Testing confirmed that validation rules, forms, and queries worked as intended. In future, the system could be improved by automating next‑service‑due updates, using a minimum service interval to calculate when each bike is approaching its next maintenance date. more advanced reporting features, and a dashboard-style interface to give staff a clearer overview of daily operations.
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