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[bookmark: _Toc214283367]Introduction to the case study
The report describes the design, development, and implementation of a relational database system of a new scheme EcoRide, a new electric bike renting program (ecoride.com, 2025). The main goal of the project is to replace the present system of the company with inefficient and error-prone manual records keeping with a strong, organized and valid database. The existing use of paper forms and spreadsheets has led to serious issues of operational aspects, such as low availability visibility of the bikes, inability to track maintenance and the possibility of data failure such as having two bookings.
The solution database that is developed will be able to take care of all the major business functions. This encompasses the systematic registration and control of rider data, the rigorous monitoring of the complete bike stock and proper recording of all the rental activities and maintenance work of the staff. Centralisation and structure of this data will enable the system to have a single source of truth and achieve operational efficiency, service usage analysis accuracy and scalability in the future growth of the company. 
[image: ]
Figure 1: ERD
(Source: MS-Access)
Annotation: The implementation of the final physical model of the EcoRide database in Microsoft Access is shown in the above Entity-Relationship Diagram. It shows the five main entities (Riders, Bikes, Staff, Rentals, Tracking), along with the one-to-many associations which have been developed between them. The key icon indicates primary keys and the lines indicate enforcement of referential integrity between the key and the foreign key, which makes the logical backbone of the database.
Type of Relationship between Entities (please explain each relationship with appropriate examples from the case study.)
One – to – One 
A one to one This relationship exists between a single record in a table and a single record in another. This structure was considered not necessary to the EcoRide database [1] although it will be useful in security or subdivision of data. All the information required by each of the major entities was contained logically within its own single table.
One – to – Many 
The EcoRide database is based on the one-to-many structure, and one record is linked with several records in another table to avoid the repetition of data [2]. This was critically realized, one rider could have a considerable number of rentals, and one bike could have a variety of rental and maintenance logs [3].
Many – to – Many 
Many to many relationships are conceptual where one record in one table is allowed to have more than one relationship with another record in another table. Within the framework of EcoRide, a large number of various riders will be able to rent a large number of various bikes in the long run. In a relational database it is not possible to have a direct many-to-many relationship [4]. Thus, on the basis of a junction table, this relation is resolved. The junction table in this database is the Rentals table. It is also effective in reducing the many-to-many relationship into two one-to-many relationships [5].






 
[bookmark: _Toc214283369]Entities interact within the database
ER modelling played a very crucial and essential role during the development of EcoRide database solution. It was the architectural design of the whole system and therefore a visualisation of the database could be clearly seen before the creation of a single table. The process played a key role in determining the core entities needed by the business situation, namely those of Riders, Bikes, Staff, Rentals, and Tracking, and determining the key attributes that each [6] should have. The ER model represented by the logical relationship and cardinality of these entities guaranteed that the resulting database would be a proper representation of the actual business regulations in the real world.
Moreover, the ERD development process was essential in terms of guaranteeing the integrity of data. It necessitated the unambiguous definitions of primary key as a unique identifier of each entity and the presence of foreign keys required to connect the tables to one another [7]. The given planning step contributed to the removal of possible flaws in the design in the initial stages, resulting in the well-normalised structure, which reduces the amount of redundancy in the data and avoids typical problems such as the occurrence of data anomalies [8]. Finally, the ER model served as a good strategic tool that simplified the whole development process, including creating the table until the successful deployment of a logical and efficient database.
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[bookmark: _Toc214283371]Table Creation in MS – Access 
The database logical layout was converted into five tables in the Microsoft Access. All the tables were made with the fields and types of data to maintain data integrity and efficiency [9]. The next section displays the screenshot of each of the tables in the Design View, to demonstrate its structure, and in the Datasheet View, to demonstrate the sample data stored in it.
Riders Table
Customer Details table (Design view and datasheet view) 
[image: ]
Figure 2: Dataset View
(Source: MS-Access)
[image: ]
Figure 3: Design view
(Source: MS-Access)
Annotation: The following pictures show the design and sample data of the Riders table. The Design View displays the field names and data type assigned to the field e.g. email address that is of the Hyperlink type. Datasheet View displays the 5 sample entries that were added in the table.
Bikes Table
[image: ]
Figure 4: Dataset View
(Source: MS-Access)
[image: ]
Figure 5: Design view
(Source: MS-Access)
 Annotation: The figures above show the structure and sample data of the table Bikes. The Design View specifies the fields of the bike inventory, with a date time data type as the acquisition date. The Datasheet View indicates the five sample bikes registered into the system.
Staff Table
[image: ]
Figure 6: Dataset View
(Source: MS-Access)
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Figure 7: Design view
(Source: MS-Access)
Annotation: The above images indicate a structure and sample data of Staff table. The Design View describes the areas to store information of employees. The five sample staff records are shown in the Datasheet View.
Rentals Table
[image: ]
Figure 8: Dataset View
(Source: MS-Access)
[image: ]
Figure 9: Design view
(Source: MS-Access)
Annotation: The above pictures show the form and sample data of the Rentals table. The Design View demonstrates the use of foreign keys (Number data type) to refer to other tables and Currency data type used as costs. In the Datasheet View, there are five sample rental transactions.
Tracking Table
[image: ]
Figure 10: Dataset View
(Source: MS-Access)
[image: ]
Figure 11: Design view
(Source: MS-Access)
Annotation: The diagrams shown above present the form and sample data of the Tracking table. The Design View displays the fields in which the maintenance events are recorded such as foreign keys to the Staff and Bikes tables. There are five sample tracking records displayed in the Datasheet View.
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Figure 12: Tables Relationships
(Source: MS-Access)
The logical relationship is developed between the tables using key attributes and converts these tables into a powerful relational database that are not merely lists of data by themselves. Primary Keys and Foreign Keys are the two categories of key attributes.
A Primary Key is a field in a table that has a distinct identifier of the records. The RiderID, BikeID, StaffID, RentalID, and TrackingID fields are all PRIMs in this database and they are set to AutoNumber to ensure that no two rows in a row occupy the same ID [10].
A Foreign Key is a column in one table, where the value is linked to the Primary Key of another table. This is what creates the link. As an illustration, the RiderID_FK field in the Rentals table is a foreign key which refers to the primary key of Riders table, the RiderID. The database uses referential integrity on these relationships to make sure that a record cannot be inserted in any of the related relations (such as Rentals) in the database unless a valid and existing record is present in the primary relation (such as Riders). The primary and foreign keys form a system that is necessary to ensure accuracy and consistency of data throughout the entire database. 

[bookmark: _Toc214283373]Testing and Validation 
A test phase was done to confirm that the database fulfills the main functional requirements of the case study. The tests were aimed at ensuring that the data was to be entered successfully and that the relationships and queries worked as expected.
	Test Cases
	Expected Results
	Actual Results
	Any Discrepancies

	Add a new record to the Riders table.
	The system should accept the new rider's details and automatically assign a unique RiderID.
	The new rider record was successfully added to the table, and a new RiderID was generated.
	No

	Add a Rental for a non-existent bike.
	The database should reject the entry due to the referential integrity constraint.
	Access produced an error message, and the record could not be saved, as expected.
	No

	Run qryBikesNeedingService query.
	The query should return only the records of bikes where the Condition field is "Needs Service".
	The query executed successfully and returned only the single bike that matched the criteria.
	No

	Run qryFindRentalsByRider with input "Patel".
	The query should prompt for input and then display all rental records for the rider with the last name "Patel".
	The parameter prompt appeared, and upon entering the name, the query correctly filtered and displayed the relevant rental record.
	No



[bookmark: _Toc214283374]Normalization Process 
The last database design is the product of the normalization procedure that tries to arrange the information to minimize the redundancy and enhance the data integrity [11]. The database was done as per the standards of Third Normal Form (3NF).
  [image: ] 
Figure 13: 3NF
(Source: MS-Access)
Annotation: This image is taken in Relationships window of the MS Access where the final database structure in 3rd normal form (3NF) is presented. The boxes correspond to individual tables that are aimed at minimizing redundancy of data. The tables (Riders, Bikes, Staff, Rentals, Tracking) have a primary key, the lines are used to display the relationship that is established using the foreign keys so as to maintain the data integrity and eliminating any transitive relationships.
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There were three queries that were developed in accordance with the assignment requirements towards data retrieval and analysis. All queries can have a different business use, and each has various different capabilities of the database. Each query has screenshots in the Design View (with the structure), SQL View (with the code) and Datasheet View (with the results).
Query 1: qryBikesNeedingService
[image: ]
Figure 14: Datasheet View
(Source: MS-Access)
[image: ]
Figure 15: Design View
(Source: MS-Access)
[image: ]
Figure 16: SQL View
(Source: MS-Access)
Annotation: These images depict a basic yet most vital operation query. The Design View shows the operation of the criteria in the Condition field, the needs service, to select the records. The Datasheet View demonstrates the single record that fits into this requirement and the SQL View demonstrates the underlying code that is automatically generated by Access.
Query 2: qryBikesCurrentlyRented
[image: ]
Figure 17: Datasheet View
(Source: MS-Access)
[image: ]
Figure 18: Design View
(Source: MS-Access)
[image: ]
Figure 19: SQL View
(Source: MS-Access)
Annotation: These are some of the screenshots showing a more complicated query with multiple tables. The Design View depicts the tables in their relationships. The filtering value Is Null is applied to the field ReturnDate in order to locate the open records. The outcome displays the name of the rider and the kind of a bike of all rentals made.
Query 3: qryFindRentalsByRider
[image: ]
Figure 12: Datasheet View
(Source: MS-Access)
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Figure 21: Design View
(Source: MS-Access)
[image: ]
Figure 22: SQL View
(Source: MS-Access)
Annotation: The following screenshots depict a query that is user-friendly in terms of parameters. The Design View reveals that square brackets have been used in the criteria field to form the user prompt. The below pictures demonstrate the pop-up box and the filtered results which is a highly effective aid to the customer service queries.
[bookmark: _Toc214283377]Report Creation
Three reports were prepared using Access Report Wizard in order to display the data of the queries in a professional and readable format.
Report 1: rptBikesNeedingService
[image: ]
Figure 23: rptBikesNeedingService
(Source: MS-Access)
Annotation: The above display is a screenshot of the report of the qryBikesNeedingService. It is in a readable format, and as such, the maintenance personnel can know the bikes that are in need of service.
Report 2: rptBikesCurrentlyRented
[image: ]
Figure 24:  rptBikesCurrentlyRented
(Source: MS-Access)
Annotation: This report is a summary of the active rentals, which is provided as a result of its respective query and can be used in the day-to-day operation management.
Report 3: rptFindRentalsByRider
[image: ]
Figure 23:  rptFindRentalsByRider
(Source: MS-Access)
Annotation: This report is created out of the parameter query and gives a formatted summary of the transactions of one rider which is great to give a customer an idea of their history.
[bookmark: _Toc214283378]Calculations
The database can work out calculating directly in a query. In that regard, a query was written to confirm the RentalCost data on Rentals table by dynamically computing the cost using UsageDuration and HourlyRate [12].
[image: ]
Figure 24:  qryVerifyRentalCost Datasheet View
(Source: MS-Access)
[image: ]
Figure 25:  qryVerifyRentalCost Design View
(Source: MS-Access)
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