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[bookmark: _Toc219067077]Scenario Explanation
The purpose of this assignment was to design and implement a structured database that would support the local authority’s operation of their transport initiative, Eco_Ride, which provide customers with the opportunity to hire and return electric bikes across several public locations. A database system was required to formalise the process of inputting customer details and tracking bikes, their current locations, and whether they are undergoing repairs.
[bookmark: _Toc219067078]Implementation
[bookmark: _Toc219067079]Scenario Analysis
The main entities were identified and described detailing their attributes and the relationships connecting them with a demarcation of Primary and Foreign Keys. Jiang et al. explain that “a methodology for designing general Information Systems […] has long been advocated” and the “knowledge captured during design can be used to attach explicit meanings to the elements in the schema” [1].
Bikes
Attributes:
1. bike_id 		[Primary Key]
1. bike_type
1. condition
1. current_location_id 	[Foreign Key to Locations]
Relationships:
· One-to-Many with Bookings (one bike can be hired many times).
· One-to-Many with Maintenance (one bike can have many maintenance records).
· Many-to-One with Locations (each bike can only be located at one location).
Bookings
Attributes:
1. booking_id 		[Primary Key]
1. customer_id 		[Foreign Key to Customers]
1. bike_id 		[Foreign Key to Bikes]
1. start_location_id 	[Foreign Key to Locations]
1. end_location_id 	[Foreign Key to Locations]
1. start_date_time
1. end_date_time
Relationships:
· Many-to-One with Customer (one customer can have many booking records).
· Many-to-One with Bike (one bike can have many booking records).
· Many-to-One with Location (one location can be attached to the start and end locations of many booking records).
Customers
Attributes:
1. customer_id 		[Primary Key]
1. price_plan_id 	[Foreign Key to Prices]
1. first_name
1. last_name
1. telephone_number
1. email_address
1. address_line_1
1. address_line_2
1. city
1. post_code
Relationships:
· One-to-Many with Bookings (one rider can have many bookings).
· Many-to-One with Prices (each rider can only have one price plan).
Locations
Attributes:
1. location_id 		[Primary Key]
1. location_name
1. location_type
1. latitude
1. longitude
Relationships:
· One-to-Many with Bike (one location can hold many bikes).
· One-to-Many with Booking (one location can be attached to the start location in many bookings).
· One-to-Many with Booking (one location can be attached to the end location in many bookings).
Maintenance
Attributes:
1. maintenance_id 	[Primary Key]
1. bike_id 		[Foreign Key to Bike]
1. staff_id 		[Foreign Key to Staff]
1. arrival_date
1. maintenance_type
1. maintenance_complete
1. completion_date
1. returned_to_field
1. returned_date
Relationships:
· Many-to-One with Bike (many maintenance records can exist for one bike).
· Many-to-One with Staff (many maintenance records can be completed by one staff member).
Prices
Attributes:
1. price__plan_id 	[Primary Key]
1. price_plan_name
1. release_cost
1. cost_per_minute
Relationships:
· One-to-Many with Customers (one price plan can be applied to many customers).
Staff
Attributes:
1. staff_id 		[Primary Key]
1. first_name
1. last_name
1. job_role
1. base_salary
1. fte
1. actual_salary
1. email_address
1. telephone_number
Relationships:
· One-to-Many with Maintenance (one staff member creates many maintenance records).
[bookmark: _Toc219067080]Entity-Relationship Diagram (ERD)
An ERD was created to provide a visual depiction of the relationships between entities and their appropriate cardinality. The production of an ERD is an important stage because it “provides developers with an overall grasp of the data requirements, modeling and database structures of the information system before the implementation phase” [2].
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Figure 1: ERD.
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The database was then implemented in Microsoft Access. This screenshot shows the relationships between the tables based on the Scenario Analysis and ERD:
[image: ]
Figure 2: Table relationships in MS Access.
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The data model was normalised to Third Normal Form (3NF) to minimise redundancy and dependency issues. As explored by Kolahi and Libkin, 3NF “guarantees the least amount of redundancy” as 3NF schemas have “at least twice the minimum information content” when compared with unnormalized schemas [3].
Working through the normalisation process, 1NF was implemented by ensuring “that the values in each column are atomic” [4], for example by separating full_name into first_name and last_time. 2NF was achieved by ensuring that “every non-key attribute is fully functionally dependent on the entire primary key” [4]. For 3NF, transitive dependencies were identified and removed by creating additional tables, specifically separating Location information from the Bikes table when it was identified it would need to also be present in the Bookings table.
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Sample data that reflects realistic use cases was populated into the tables to test and demonstrate the functionality of the database system:
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Figure 3: Screenshot of Bikes table.
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Figure 4: Screenshot of Bookings table.
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Figure 5: Screenshot of Customers table.
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Figure 6: Screenshot of Locations table.
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Figure 7: Screenshot of Maintenance table.
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Figure 8: Screenshot of Prices table.
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Figure 9: Screenshot of Staff table.
[bookmark: _Toc219067084]Query Development
A series of practical queries were designed and run to demonstrate the capability of the database system.
[bookmark: _Toc219067085]Basic Queries
Some basic queries included the following which required information from 2-3 tables:
Bikes Currently Available
This query filtered the Bikes table by the Condition “Available” and included the location_name and location_type from the Locations table.
[image: ]
Figure 10: Screenshot of Bikes Available query.
Bikes Currently In Use
This query filtered the Bikes table by Condition “In Use”, calculated the difference between start_date_time from the Bookings table and the fixed date and time of 12/01/2026 15:00 (although Now() would be used in the real version of the database) in decimal hours, and performed a check of whether the duration of the bike’s current use time exceeded the company’s 24-hour limit. 
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Figure 11: Screenshot of Bikes In Use query.
Bikes Under or Requiring Maintenance
This query filtered the Bikes table by using the Like criterion with a wildcard search for the string “Maintenance” to return both “Under Maintenance” and “Requires Maintenance”. It included the location_name and location_type from the Locations table so that the “Requires Maintenance” bikes could be scheduled for collection and transport to the Workshop for maintenance.
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Figure 12: Screenshot of Bikes Under Maintenance query.
Popularity of Bike Types
This query grouped together the bike_type from the Bikes table and performed a Count of each bike_type; due to the inclusion of an active relationship with the Bookings table, the results were filtered based on the Bike IDs appearing in the Bookings table. A manual check of the Bookings table confirmed this had filtered correctly.
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Figure 13: Screenshot of Bike Types Popularity query.
Repeat Bookings of the Same Bike per Customer
This query grouped the results by customer _id and bike_id and performed a Count of the number of bookings with the additional criteria of when the Count is greater than 1, as this indicates multiple bookings of the same bike by the same customer. The bike_type was also included from the Bikes table to provide an easy comparison to the ‘Popularity of Bike Types’ query.
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Figure 14: Screenshot of Popular Bikes by Customer query.
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Some functional queries were developed to restrict data entry in certain tables.
List of Technicians
This query simply set the criteria of Job Role in the Staff table as “Technician” to return the staff_id, first_name, and last_name. This query was then used to drive the Lookup Wizard in the ‘Maintenance’ table so that only the staff_id of Technicians could be selected to complete the bike maintenance duties. This would prevent data entry issues of other job roles being assigned incorrectly to complete maintenance duties.
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Figure 15: Screenshot of Technicians query.
Available Start Location
This query used the Locations table to exclude “Maintenance” and “In Use” from location_type. This was because all Bookings refer to customer bookings so they would not be able to book a bike out of the maintenance workshop and every available bike has a current location so cannot be “In Use” at the point of booking. This query was used in the Lookup Wizard to provide options for start_location_id.
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Figure 16: Screenshot of Available Start Locations query.
Available End Locations
This query was identical to the previous query except that “In Use” was not excluded from the location_type, because once a bike is booked out it is no longer tied to a physical location until it is checked back in to a location. 
[image: ]
Figure 17: Screenshot of Available End Locations query.
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These queries were designed to provide additional insights into the data and utilised 3-4 tables.
Bookings Duration & Cost
The bookings table was designed to contain all the data and relationships necessary to produce a separate query to calculate the cost of each booking. This query used the relationship that both the Bookings and Prices tables had to the Customers table to join the price_plan_id of each customer with their booking details; once the duration in minutes had been calculated, the final Cost was determined by adding the release_cost to the cost_per_minute multiplied by the duration_minutes.
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Figure 18: Screenshot of Bookings Duration & Cost query.
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Figure 19: Screenshot of Bookings Duration & Cost query in Design View.
Delinquent Customers
Based on the criteria of the ‘Bikes In Use’ query, this query additionally included the criterion of “True” to Duration Exceeds Limit (of 24 hours per booking) and brought in the customer’s name and contact details from the Customers table. This limited the return to all customers who had exceeded the bike use limit and included their contact details for further investigation.
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Figure 20: Screenshot of Delinquent Customers query.
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Figure 21: Screenshot of Delinquent Customers query in Design View.
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The database’s functionality was tested throughout the process of inputting sample data. This process led to the following design decisions:
· The creation of queries that functioned purely to limit the options for certain tables. 
· Descriptions were added to all fields to ensure their purpose was clear when their field names may be misinterpreted.
· Character limits were set to 40 for all text fields to ensure fields did not contain an excessive number of characters due to user input error.
· The ‘Required’ flag was used for fields which would cause records not to function properly without data. It was also removed from fields which did not require it, such as Address Line 2.
· Latitude and Longitude were used in the Locations table because the bike shelter locations would not be tied to a specific postal address.
A form was created with the Secretary in mind to be able to add and delete new customer records, this ability was tested to both create a new record and remove it. The form also provides a user-friendly way for the Secretary and Manager to review all customer records without viewing the entire table, buttons were included for ease of navigation, and a Microsoft stock image of a cyclist was included to make its visual design more appealing. Due to the relationships established between the tables, a record of the customer’s Bookings is also contained at the bottom of the Form which provides additional insights. 
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Figure 22: Screenshot of the Customer Records form.
A report was also built based on the ‘Delinquent Customers’ query so the Manager could use this for further investigation, with the inclusion of the customer’s contact details, the type of bike, and the Start Location Name acts as the “last known location” of the bike before it was booked out for use:
[image: ]
Figure 23: Screenshot of the Delinquent Customers report.
[bookmark: _Toc219067089]Design Decisions & Build Summary
Details of the build have been explored in the Implementation section, however some design decisions which were not covered include:
· For the Customers form, the Captions were changed from their field name to a more readable format so that, for example, “customer_id” became “Customer ID”. Similarly, to enhance recognisability of fields, price_plan_id was swapped with price_plan_name so that the Secretary could input “Standard” rather than “1” which holds less explicit meaning.
· Originally, DateDiff(“h”,[start_date_time],#12/01/2026 15:00:00#) had been used to calculate the ‘Bike In Use’ duration, however this returned the result of 1 hour for the customer who had checked out the bike for 2 minutes. This was changed to DateDiff(“n”,[start_date_time],#12/01/2026 15:00:00#)/60 to provide the correct conversion and a more robust check against the total of 24 (hours).
Some challenges which would require further investigation include:
· While the correct One-to-Many relationship was established between the Locations and Bookings tables, it was not possible for the system to “Enforce referential integrity”, which I anticipate is because the Primary Key in Locations was attached to two different Foreign Keys in Bookings.
· The error message “Syntax error (missing operator) in query expression ’00:00#)/60’ occurred for both the ‘Bikes In Use’ and ‘Delinquent Customers’ queries and I had to revert to a previous version. Further investigation would be required to identify how the error occurred simultaneously in two different queries.
· Further normalisation would be required, for instance the maintenance_types were based on a website for electrical bikes [5] and these were incorporated directly into the Maintenance table, however they could have been stored in a separate table and here included an estimated_time_to_complete_maintenance to produce further queries and reports for productivity reviews.
· Similarly, the job_role and base_salary contained in the Staff table could be moved to a separate Roles table, and the actual_salary could have been calculated in a separate query by using fte from Staff and base_salary from Roles.
Some features which could be included in the future are considered below:
· Under the Maintenance table, it would have been beneficial to apply additional logic so that the dates of Completion and Return could not be entered unless the corresponding tick boxes had been selected as True.
· If Maintenance Types had been created separately to the Maintenance table, then each maintenance_type could be assigned an expected completion time and checked against a calculation of arrival_date and Now().
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