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The scenario that has been set out is the need of a database for a company, named Eco Ride an electric bike rental service. Currently the company is using paper forms and basic spreadsheets to track important information, but as the services popularity grows this is becoming unrealistic, as well as bike maintenance being informally tracked. This results in a loss of efficiency as there is limited capability to see which bikes are available for current use. This also leads to double bookings and bikes that are not returned, making it difficult to make accurate analysis of the service usage.

In order to solve this a database will need to be made, I will be using MS Access to do this, it will need to be created in the 3NF avoiding redundancy and dependency issues and must be easy to use while being scalable and future proofed.
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To create a suitable database for this scenario, several entities need to be created. The first entity is the Bike table, which stores information about all electric bikes. The attributes for this entity include BikeID (PK), BikeType, Status (free, in use, or undergoing maintenance), Location, and ChargeLevel.

The next entity is the Rider table, which stores information about customers who rent bikes. The attributes required for this entity are RiderID (PK), FirstName, LastName, and ContactNumber.

Another important entity is the RentalRecord table, which records all bike rental transactions. This table includes RecordID (PK), RiderID (FK), BikeID (FK), RentalStaffID (FK), DateRented, DateReturned, and PaymentStatus. The rental duration is calculated using the rental and return dates, and the rental cost is calculated based on the duration and the bike rate, rather than being stored directly, ensuring the database remains in Third Normal Form (3NF) which ensures no unwanted dependencies [1].

A location entity will also be used in order to track which location the bikes are currently being kept at.

The Staff table is also required to store details of employees involved in bike rentals and maintenance. Its attributes include StaffID (PK) and StaffName. Staff roles, such as inspector or mechanic, are used to determine their involvement in inspections and repairs rather than being stored as repeating or dependent attributes.

The final entity is the MaintenanceRecord table, which tracks bikes that have undergone maintenance. This table records MaintenanceID (PK), BikeID (FK), InspectionStaffID (FK), RepairStaffID (FK), and maintenance notes. This allows the system to track which staff members inspected and repaired each bike while maintaining data integrity.

There will also be a few other less important entities that serve to allow the lookup wizard function to work in MS Access such as bike type, payment status etc.

It is important to again note rental duration is implemented as a derived attribute using a query that calculates the difference between the rental and the return dates, similarly rental cost is also a derived attribute that is calculated from the duration and associated with a bike rate.

The database outline above satisfies the third normal form (3NF) as all the non key attributes depend on the primary key from their own respective table. Derived attributes like rental duration and cost or calculated rather than stored removing transitive dependencies. Maintenance history and staff involvement are stored within separate relational tables to prevent redundancy and ensure data integrity [1].

The relationships in the system define how riders, bikes, staff and record interact with each other. Between the rider entity and rental record there is a one-to-many relationship in place, this is because one rider can rent many bikes over time however each rental record is associated with one rider. Similarly, there is also a one-to-many relationship between bike and rental record, as the bike can be rented many times, but each transaction involves only one bike.

 The rental record entity acts to link riders, bikes and staff members involved with a particular rental. A one-to-many relationship also exists between bikes and the maintenance record, allowing each bike to have multiple maintenance and inspection record throughout its lifecycle. The involvement of staff members is also monitored through a one-to-many relationship between staff and rental record and between staff and maintenance record, as staff may handle many rentals and perform multiple inspections or repairs, while all records are each linked to one staff member for accountability.
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Entity Relationship Diagram (ERD)
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Validation and Testing
The system has been suitably designed to fit all of the outlined criteria, all the information that needed to be accessible is either stored or can be derived via the use of one of the queries or the form that is in place.

A variety of validation rules have been put into place to minimise error when inputting for example:
[bookmark: _Toc218726145]Validation rules
[image: ]Figure (1) displaying validation rules.

Validation rules have been put into place to ensure vital information such as staff names are not missed out, this is done via usage of the “Is Not Null” validation rule which has been used throughout for various attributes, this alongside an informative message popup ensures less errors. 

[image: ]
Figure (2) displaying alternatives to validation rules.

In some instances, I instead opted to avoid usage of validation rules and instead changed the required section to yes instead of no, this was in order to display my capability, I prefer the usage of validation rules as you can use your own validation message which is more user friendly.

[image: ]
 Figure (3) showing more validation rules.

Another form of validation used is the input mask and field size which ensures the phone number is the correct length and format.
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Figure (4) Showing relationships between entities.

The relationships have been set out clearly in order to avoid conclusion and minimise any unnecessary relationships. Between these five main entities there are all one-to-many relationships due to the scenarios they handle which was explained earlier. 

Many queries have been developed which aim to provide a clear yet practical function for what would be used in a real-world scenario, for these queries to be used I have populated the database with sample information in order to test the queries.
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Figure (5) Showing output of one of the queries

This query was developed to display the rental history of a specific bike. It shows which rider rented the bike, the duration of each rental, and whether payment for the rental has been completed. This information is useful for identifying which bikes are the most popular and for analysing how long bikes are typically rented for. Additionally, the query can help identify potential patterns of damage. For example, a bike that is rented frequently may reasonably require more maintenance; however, if a bike is not rented often but is repeatedly returned damaged by the same rider, this may indicate misuse and raise concerns that require further investigation.
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Figure (6) showing bikes needing charge query
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Figure (7) showing similar queries

The three queries shown in Figure 7 produce outputs similar to those displayed in Figure 6, as they identify bikes awaiting return, bikes requiring charging, and bikes needing maintenance, respectively. Due to the similarity in their structure and output format, it is not necessary to present each result separately; however, each query functions correctly and serves a distinct operational purpose. In real-world use cases, these queries would be valuable for supporting daily operational decision-making, such as managing bike availability, scheduling charging, and prioritising maintenance tasks.
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Figure (8) Shows the query that derives duration and cost.

Since having duration and cost would not fulfill 3NF form I had to derive the duration and the cost using formulas within query, the query brings up both the duration and cost for a certain record. For further development of the database within the bike type entity I would also have a rate for the different bike types to calculate the cost, however within this database it simply takes the number of days the bike was rented for and multiplies it by five.
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Figure (9) Showing the free bike query.

This query acts to display the bikes that are free so riders can know which bikes are instantly available. This is done by querying which bikes have the free status excluding in use and under maintenance bikes. If developing the database further another status for low charge bikes under 20% would be useful so bikes with low charge are not shown as available or given out.
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Figure (10) Showing the bike maintenance query.

The queries’ role here is to show the maintenance history of one bike, this can be helpful in showing which bikes are undergoing more maintenance frequently and if it is becoming economically unreasonable to keep the bike in the fleet. A future development for this could be a second query of similar function that shows maintenance for a certain type of bike, which would allow the company to cut back on that bike to prevent overloading for the maintenance staff.
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Figure (11) Showing rider activity query.

The final query that was developed is the rider activity query, it shows the activity of riders and how many times they’ve produced a record of rental, this could be used in a real scenario to offer loyalty bonuses for frequent customers such as discounts or free rental days if they ride a certain amount.
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Figure (12) Showing the rental record form.

Here is the rental record form that can be used to find records that have already been input but also add new records. The duration and cost of the rental are also derived and shown here within the form, this form can also be used to delete records if this needs to be done.
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I decided to design the database in the way I did to ensure simplicity, in my eyes a good database is one that is clear and easy to use no matter how proficient you are with technology, this allows for increased efficiency and productivity. With an efficient design it also makes the performance and the scalability of the database [2]. Making my design simple also aided in being able to spot redundancy more easily, allowing me to focus on the design aspects more [3].

I decided it was important to have validation rules for a significant amount of the attributes; this would reduce human error as 1 in 100 data points are entered incorrectly when humans manually type in information [4]. Having validation rules in place aid in ensuring data is entered correctly however errors may still occur.

I also wanted to design the database in such a way that future development could be easily implemented as well as saleable. I was constantly thinking about what could be done better with the database, so I created everything with clear upgrade pathways that would allow for things like having bike type influence the price of the rental to be added easily [5].

One of the biggest challenges I faced was when creating the validation rules, for specific issues like these I find websites such as stack overflow helpful for seeing if anyone’s had the same issue, in this case someone did have a similar issue, so I adapted the solution given to fit my needs [6].

I also faced some challenges due to an error in the design process as when I was implementing my foreign keys, I had left them as short text instead of numbers which would not allow the foreign keys to be places in the table. Similarly, when populating the tables with sample data I was unsure on why I couldn’t add information but it was due to poor planning as I was trying to add foreign keys into the table that didn’t exist in other tables, so I had to create a clear path for the order I would add the sample data.

As previously mentioned, there are areas that would be improved upon in the future such as, differing rates depending on the type of bike being rented, the ability to track how often certain types of bikes are having to be serviced and another status for bikes with low charge so they are not seen as available all of which would be greatly beneficial improvements.


























[bookmark: _Toc218726150]References
[1] A. Watt and N. Eng, “Chapter 12: Normalization,” Database Design – 2nd Edition, Open Text BC, 2014. [Online]. Available: https://opentextbc.ca/dbdesign01/chapter/chapter-12-normalization/. Accessed: 15 Nov. 2025.
[2] A. Anand, “Importance of Database Design in DBMS,” Analytics Steps, Feb. 20, 2023. [Online]. Available: https://www.analyticssteps.com/blogs/importance-database-design-dbms. Accessed: 15 Nov. 2025.
[3] A. Gomstyn and A. Jonker, “What Is Database Normalization?,” IBM Think. [Online]. Available: https://www.ibm.com/topics/database-normalization. Accessed: 15 Nov. 2025.
[4] “Manual Data Entry Errors,” Beamex Blog. [Online]. Available: https://blog.beamex.com/manual-data-entry-errors. Accessed: 15 Nov. 2025.
[5] “Top Database Design Best Practices for Scalable Apps,” nextnative.dev. [Online]. Available: https://nextnative.dev/blog/database-design-best-practices. Accessed: 10 Dec. 2025.
[6] “Validation rules with multiple criterias,” Access‑Programmers Forum. [Online]. Available: https://www.access-programmers.co.uk/forums/threads/validation-rules-with-multiple-criterias.251831/. Accessed: 10 Dec. 2025.






2

image4.png
File . Home Create

External Data  Database Tools  Help

I§| X cut v 2| Ascending
z )
View | paste LB CoPY Fiter A4 Descending
M M 2¢
Views Clipboard [ Sort & Filter
_ | staff X

All Acc...© <

Search... jel

Tables ~
Bike Type

Bikes

Locations
Maintenence
Payment statu...
Rental Record

Rider

i i i i i

Staff

~

2
o
3

Bike rental hist...
Bikes awaiting ...
Bikes needing ...
Bikes Needing ...
Duration and ...
Free bike query

Maintenence ..

R

Rider activty

3

rms X

rental record v...

1 Mathew Jones Yes
2 Derek Smith  No
3 Daniel Stewar(No
4 Micheal owens Yes
5 Jenna roberts Yes

el es

(New)

Table Fields ~ Table £ Tell me what you want to do

A7 Selection v TA 5 New > Totals
K/
v abe "
& Advanced Refreeh & Save ¢ Spelling
\4 Allv X Delete v [ Morev
Records

| Staff_ID - Staff Name - Can Repair ~ Click to Add ~

&, Replace
Find 2 GoTov

I\ Select ¥
Find

|Apto

B

Microsoft Access

A Staff Name required





image5.png
[Format Short Date
Input Mask

Caption

Default Value Date()
Validation Rule

Validation Text

Required Yes
Indexed No

IME Mode No Control
IME Sentence Mode None

Text Align General
Show Date Picker For dates





image6.png
General Lookup

Field Size 11
Format

Input Mask 00000000000

(Caption

Default Value

Validation Rule Is Not Null

\Validation Text Enter an 11 digit contact number





image7.png
Locations

# LocationiD

Rental Location Name

Rental record

Bikes.

# Bike_ID

Bike type
LocationID
Charge level
Status

# Record_ID
RiderlD
BikelD
RentalStaffiD
Date Rented
Date Returned

>

4

Staff_1

¥ staff D
Staff Name
Can Repair

.

Rider

# Rider_ID
First Name
Last Name
Contact Number

Maintenence

# Maintenence_ID
Ins_Staff_ID
Repair_Staff_ID
Maintenance Date
BikelD
Notes

Staff

¥ staff D
Staff Name
Can Repair





image8.png
All Acc...® < |F Bikerentalhistory X
Record_ID +| RiderlD

| BikelD - Date Rentec~ Date Retun -

Search.. =i 2 1 777 77
Tables ~ 1 1/8/2026 /102026 Not Paid
Bike Type ____ ~

Bikes

Locations
Maintenence
Payment statu...
Rental Record

Rider

=]
=]
=]
=]
=]
=]
=]
=]





image9.png
Al Ace© € |k BewmElisey Xl Bearigeum 3 f] Heolhynieemgey X f-
Bike_ID ~ Biketype ~ LocationID - Chargeleve -  Status -

>

Search... jel

Tables ~ 6 Aventon Soltel 4 18 Free

Bike Type

Bikes

Locations
Maintenence
Payment statu...
Rental Record

Rider

i i i i i

~

2
5
3

Bike rental hist...

Bikes awaiting ...

Bikes needing ...
Bikes Needing ...
Duration and ...

Free bike query

Maintenence ..
Rider activty
Forms ~

rental record v...





image10.png
£ Bikes awaiting ...

25 Bikes needing ...

=51 Bikes Needing ...





image11.png
=3 Bikerentalhistoy X T3 Bikesawaitingreturn X 31 Bikes Needing maintenence query X 3 Bikesneedingcharging X ] RentalRecord X 31 Durationand CostQuery X

RiderD - BikelD \DateRente« \Date Return = | Duration v\ Cost .
1 1/7/2026 1/8/2026 2

_____ (New)





image12.png
3 Bikerental history X [3d Bikesawaitingreturn X [3d Bikes Needing maintenence query X 3 Bikesr

P _ type - Status - LocationID - Charge leve -

4 Lectric One eE Free 1 50
6 Aventon Soltel Free 4 18
(New) 0 0

2|




image13.png
< 3 Bikes Needing maintenence query X [E3 Bikesneedingcharging X [ RentalRecord X [E3 Duration anc
_Staff_I[ - Repair_Stal - Maintenanci~ BikelD ~ Notes -

5| 1/4/2026 1 Damaged Frar
| 1 1/1/2026 1 Deflated tyre
* (New) 0 0 0





image14.png
All Acc..® < | < EF Bikes Needing maintenence query X 3 Bikes needing

S CountOfRe( ~
Search... jel
1

Tables ~ 3

2 Bike Type 4
Bikes 5
Locations

Maintenence
Payment statu...
Rental Record
Rider

Staff

Queries Q)
Bike rental hist...
Bikes awaiting ...
Bikes needing ...
Bikes Needing ...
Duration and ...
Free bike query

Maintenence ..

Rider activty
Forms ~

rental record v...





image15.png
Record_ID
RiderlD 1
BikelD 1
RentalStafflD |1
Date Rented 1/7/2026
Date Returned | 1/10/2026
Payment status |Paid
3days The final cost is

£15.00





image1.png




image2.png




image3.png
Inspects Returned Bike

Maintenance
notes

(inspection) ) | Maintenance
FK) Record

Staff ID (Fixed)
(F

K)
Payment stauts
Date Rented

Rental record

Date Retumned

Rider ID
(FK)

@

LocationID
(FK)
Charge level
Bikes
Location
Produces record
Rental location Name
Rents bike
Rider

Contact number
G




