




Equipment Booking System for Bright Minds Academy
Abstract

Bright Minds Academy currently manages classroom equipment bookings using a manual paper-based system, resulting in double bookings, lost records, and scheduling confusion. This report presents the design, development, testing, and evaluation of a Python-based Equipment Booking System created to address these issues.

The system provides six core functions: adding equipment, recording bookings with automatic double‑booking prevention, viewing all records, searching by student or equipment name with case‑insensitive matching, and issuing low‑booking alerts when daily usage falls below a set threshold. A dictionary-based structure enables fast O(1) data retrieval, and input validation ensures reliability and prevents crashes.

Ten test cases-including edge cases such as empty inputs, invalid dates, duplicates, and attempted double bookings-were executed successfully. Development challenges, such as choosing suitable data structures and handling empty datasets, were resolved through iterative debugging and structured planning.[1]

Future improvements may include persistent storage, a graphical user interface, and automated email alerts. Overall, the system meets all functional and non-functional requirements, offering a dependable and efficient alternative to the academy’s previous paper-based process.
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Introduction

Bright Minds Academy is a small private tutoring centre that currently manages bookings for classroom equipment-such as laptops, projectors, and tablets-using a manual, paper‑based process. This outdated approach has led to recurring operational problems, including double bookings, misplaced records, and difficulty determining real‑time equipment availability.
The core issue is the lack of a centralised booking system that updates instantly. Staff are unable to quickly verify whether equipment is available on specific dates or to view all bookings associated with a particular student. As a result, time is wasted, scheduling conflicts occur, and lessons are frequently disrupted.
To resolve these challenges, a lightweight Python-based Equipment Booking System has been developed. The system enables staff to add equipment, record bookings, review all stored records, search by student or equipment name, and receive alerts when certain items have low booking activity. It relies solely on in‑memory data structures (dictionaries and lists) and does not require an external database, making it simple to deploy and maintain.
1. Requirements Analysis

The requirements were established by applying problem decomposition and abstraction, allowing the academy’s needs to be systematically organised into functional and non‑functional categories.[2]
Functional Requirements
Table 1
	Requirement
	Description

	Add new equipment
	Staff can add equipment items (e.g., "Laptop 1", "Projector A"). Duplicates and empty names are rejected.

	Record bookings
	Staff can assign equipment to a student for a specific date. The system prevents double-booking the same equipment on the same date.

	View booking records
	Staff can view all equipment and their booking status. Equipment with no bookings is shown as "Available".

	Simple Search
	Staff can search by student name or equipment name (case-insensitive).

	Low-Booking Alerts
	The system notifies staff when the total number of bookings on any day falls below a user-defined threshold (e.g., fewer than 3 bookings per day).

	User-Friendly Interface
	A clear menu-driven interface with helpful prompts and error messages.

	Scalability
	Modular function-based design to allow future enhancements.





Non-Functional Requirements

In addition to functionality, the system meets several quality criteria:
Table 2
	Non-Functional Requirement
	Description

	Reliability
	Accurate data handling with robust input validation to prevent corruption.

	Performance
	All operations complete quickly using efficient dictionary lookups (O(1) average time complexity).

	Security
	Input validation prevents crashes and accidental data loss.

	Accessibility
	Simple text-based menu with clear numbered options and descriptive messages.




By separating functional from non-functional requirements, the development process remained focused on delivering a working solution while maintaining quality standards.

2. Software Design and Development

Design
Flowcharts and pseudocode will be used for this project.
Flowchart and Pseudocode are essential design tools used to plan and visualise system processes before coding. Flowcharts map the sequence of operations, decisions, and interactions, helping developers spot logical issues early. Pseudocode outlines algorithms in a structured, readable form, allowing the developer to focus on problem‑solving without worrying about Python syntax. Together, they support decomposition and abstraction by breaking the system into manageable tasks and emphasising core logic. They also improve communication and feedback during design, ultimately ensuring the final program is well‑structured, efficient, and easier to debug and maintain[3]

Flowcharts

Figure 1: Main Program Flowchart
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Figure 2: Record Booking Flowchart (Detailed)
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Pseudo-code for Core Functionalities

1. Add Equipment

BEGIN add_equipment
    INPUT equip_name
    IF equip_name is empty THEN
        DISPLAY "Error: Name cannot be empty"
        RETURN
    END IF
    IF equip_name IN equipment_bookings THEN
        DISPLAY "Error: Equipment already exists"
        RETURN
    END IF
    equipment_bookings[equip_name] = empty list
    DISPLAY "Success: Equipment added"
END

2. Record Booking

BEGIN record_booking
    IF equipment_bookings is empty THEN
        DISPLAY "Error: No equipment available"
        RETURN
    END IF
    DISPLAY all equipment names
    INPUT equip_name
    IF equip_name NOT IN equipment_bookings THEN
        DISPLAY "Error: Equipment not found"
        RETURN
    END IF
    INPUT student_name
    IF student_name is empty THEN
        DISPLAY "Error: Student name required"
        RETURN
    END IF
    INPUT date  // Expected format YYYY-MM-DD
    IF date does NOT match pattern "YYYY-MM-DD" THEN
        DISPLAY "Error: Invalid date format"
        RETURN
    END IF
    FOR each booking IN equipment_bookings[equip_name]
        IF booking.date == date THEN
            DISPLAY "Warning: Already booked on this date"
            RETURN
        END IF
    END FOR
    ADD (student_name, date) TO equipment_bookings[equip_name]
    DISPLAY "Success: Booking recorded"
END

3. Low-Booking Alert

BEGIN low_booking_alert
    INPUT threshold (minimum number of bookings expected per day)
    CREATE empty dictionary daily_counts
    FOR each equipment IN equipment_bookings
        FOR each booking IN equipment_bookings[equipment]
            date = booking.date
            daily_counts[date] = daily_counts[date] + 1
        END FOR
    END FOR
    FOR each date IN daily_counts
        IF daily_counts[date] < threshold THEN
            DISPLAY "ALERT: Date " + date + " has only " + daily_counts[date] + " bookings"
        END IF
    END FOR
    IF no alerts generated THEN
        DISPLAY "All days meet or exceed the threshold"
    END IF
END


Implementation Decisions
Python was chosen for the Equipment Booking System for the following reasons:
· Ease of learning – Simple syntax that non-developers can understand.
· Readability – Clear code structure aids maintenance and future modifications.
· Data structures – Built-in dictionaries and lists enable efficient storage, searching, and updating of booking records.
· Input validation – Robust error handling improves usability for non-technical staff.
· Cost-effective deployment – Free, cross-platform, and no external libraries required for console programs.
· Future expansion – Flexible enough to add a GUI, persistent storage, or automated email alerts.
Overall, Python provides a practical, scalable, and efficient foundation for the system.[4]


Data Structures
Table 3
	Data Structure
	Variable Name
	Purpose
	Justification

	Dictionary
	equipment_bookings
	equipment → list of bookings
	Fast O(1) lookup

	List
	bookings (per equipment)
	Store multiple bookings
	One-to-many relationship

	Tuple
	(student_name, date)
	Single booking record
	Immutable and efficient

	String 
	equip_name, student_name,
 booking_date
	Store user input
	Simple, universally supported, easy to validate




Additional variables:
- `choice` (string): Stores user menu selection
- `threshold` (integer): Stores user-defined minimum booking count for low-booking alerts
- `daily_counts` (dictionary): Temporary storage for aggregating bookings by date in the alert feature

Programming Constructs
Table 4
	Construct
	Usage
	Justification

	Functions
	All major features
	Modularity and reusability 

	If-elif-else
	Menu and validation
	Decision making

	For loops
	Viewing, searching, alerts
	Efficient iteration

	While loop
	Main program loop
	Continuous operation

	Input validation
	All user inputs
	Prevents errors and crashes

	Case-insensitive comparison
	Search function (.lower())
	Improves usability – staff don’t need exact capitalisation




Python Modules and Libraries

This project uses only built-in Python functionality – no external modules or libraries. This decision was made because:

1. Zero installation – The program runs on any computer with Python 3.x without additional setup.
2. Simpler for beginners – No need to understand `pip install` or virtual environments.
3. Academy-friendly – IT staff can deploy the program immediately without security approval for third-party libraries.

The only implicit module used is Python's built-in `input()` and `print()` functions, which are always available.[5]











Source Code


Below is the complete source code with annotations (comments) explaining each section.

Full Code Listing (Screenshot Description)
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Code Organisation and Best Practices Demonstrated:

	Practice
	How It's Applied

	Commenting
	Every function has a docstring explaining its purpose; inline comments clarify validation logic.

	Consistent Spacing
	4 spaces per indentation level, with blank lines between functions for better readability.

	Descriptive Naming
	Functions and variables such as record_booking(), low_booking_alert(), and equipment_bookings clearly describe their role.

	Input Validation
	Every user input is checked before processing to prevent errors and crashes.

	Modular Functions
	Each major feature is implemented as a separate function and called from the main() function.

	Main Guard
	The if __name__ == "__main__": guard is used, allowing the code to be imported without automatically running the program.



3. Testing and Debugging Report
 a) Importance of Programme Testing in Software Development

Testing is a critical stage in the software development lifecycle, as it enables the identification of defects, errors, and inconsistencies before the system is released to end users. For Bright Minds Academy, deploying an untested booking system could lead to serious issues such as double bookings, data loss, or unexpected system failures-each of which would disrupt daily tutoring activities and undermine operational efficiency.[6]
Comprehensive testing ensures that the system is reliable, accurate, and resilient under a range of conditions. It also enhances user confidence by demonstrating that the software behaves as intended. Moreover, detecting and resolving issues during development significantly reduces long‑term maintenance costs and prevents operational disruptions after deployment. Even simple programs can contain subtle logical errors that only emerge under specific circumstances; therefore, systematic testing is essential to delivering a high‑quality, dependable solution.









b) Types of Errors in Programming
Table 5
	Error Type
	Definition
	Example from This Project
	How to Fix

	Syntax Error
	Violation of Python’s grammar rules
	Missing colon after an if statement
	The Python interpreter highlights the line; add the missing symbol (e.g., colon).

	Logical Error
	Code runs successfully but produces incorrect output
	Allowing double booking for the same equipment on the same date
	Added a for loop to check existing bookings before appending a new one.

	Runtime Error
	Program crashes during execution
	Accessing equipment_bookings[equip_name] when no equipment has been added
	Added an if not equipment_bookings: check to handle the empty case gracefully.



Debugging techniques used:
- print() statements to trace variable values during development
- Step-by-step manual walkthrough of the pseudocode
- Boundary testing with empty inputs and extreme values






c) Test Cases



Test Plan Table
Test Results Summary
Table 6
	Test ID
	Feature
	Input
	Expected Output
	Actual Result
	Status

	T01
	Add Equipment
	"Laptop 1"
	Success message
	Success: 'Laptop 1' added
	✅ PASS

	T02
	Add Equipment (empty)
	""
	Error: cannot be empty
	Error: Equipment name cannot be empty!
	✅ PASS

	T03
	Add Equipment (duplicate)
	"Laptop 1" again
	Error: already exists
	Error: 'Laptop 1' already exists
	✅ PASS

	T04
	Record Booking (no equipment)
	Any
	Error: add equipment first
	Error: No equipment available
	✅ PASS

	T05
	Record Booking (invalid date)
	"15-04-2026"
	Error: use YYYY‑MM‑DD
	Error: Invalid date format
	✅ PASS

	T06
	Record Booking (double book)
	Same equipment, same date
	Warning: already booked
	Warning: already booked on…
	✅ PASS

	T07
	Search by student (case‑insensitive)
	"JOHN" for "John"
	Same results
	Shows bookings for John
	✅ PASS

	T08
	Low‑Booking Alert (threshold 3)
	threshold=3, only 2 bookings
	Alert for that date
	⚠️ ALERT: date has 2 bookings
	✅ PASS

	T09
	Low‑Booking Alert (no bookings)
	Any threshold
	"No bookings recorded"
	No bookings have been recorded
	✅ PASS

	T10
	Menu invalid choice
	"7"
	Error: enter 1–6
	Error: Invalid choice
	✅ PASS





Figure 4: Test T01 – Adding Equipment Successfully
Screenshot showing user typing "Laptop 6" and system responding "Success: 'Laptop 6' has been added"
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Figure 5: Test T05 – Invalid Date Format Validation
Screenshot showing user entering "2026-04-20" and system rejecting with format guidance.
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Figure 6: Test T08 – Low-Booking Alert Triggered
Screenshot showing user entering threshold 3, system displaying date with only 2 bookings as an alert.
[image: ]


4. Evaluation

Challenges Faced
Table 7
	Challenge
	How I Addressed It

	Choosing the right data structure
	Initially considered using nested lists, but this resulted in slow O(n) lookups. I switched to a dictionary that maps equipment names to a list of bookings, providing O(1) average access time.

	Double booking prevention
	The first version allowed multiple bookings for the same equipment on the same date. I solved this by adding a for loop to check all existing bookings before appending a new one.

	Date validation complexity
	Implementing full date validation (including leap years and varying month lengths) would require excessive code. I used simple format validation (DD-MM-YYYY) as a reasonable minimum and noted full validation as a future improvement.

	Low-booking alert aggregation
	Counting total bookings per date required iterating through all equipment and their bookings. This was solved by creating a temporary daily_counts dictionary to aggregate the data efficiently.

	Empty system handling
	The program crashed when attempting to view or search bookings if no equipment had been added. I fixed this by adding if not equipment_bookings: checks before any iteration over the data.



Future Improvements



1. Persistent Storage – Implement JSON‑based data storage to ensure booking records remain available after the program closes.
2. Enhanced Date Validation – Validate dates comprehensively by accounting for leap years, correct month lengths, and preventing the selection of past dates.
3. Booking Cancellation – Introduce functionality that allows staff to remove or cancel existing bookings.
4. Weekly Dashboard View – Provide a calendar‑style weekly overview displaying all bookings for the current week.
5. Graphical User Interface (GUI) – Replace the text‑based menu with an interactive           Tkinter interface featuring buttons, forms, and structured navigation.
6. Email Notifications – Automatically send alerts to administrators when booking activity falls below a predefined threshold.
7. User Authentication – Add role‑based access control to differentiate permissions between tutors and administrators.[7]





Self-Reflections

This project taught me that planning dramatically reduces coding time. writing code immediately led to messy logic and duplicated validation. After creating flowcharts and pseudocode, the implementation became much more structured.

I also learned that user experience matters - clear error messages help non-technical staff recover from mistakes. My growth as a developer includes learning to anticipate edge cases (empty inputs, missing data, invalid formats) rather than assuming perfect user behaviour.

Finally, implementing the low-booking alert feature required combining multiple concepts: loops, dictionaries, conditionals, and user input validation. Successfully integrating this gave me confidence in breaking down complex features into smaller, manageable steps.


Conclusion
The Bright Minds Academy Equipment Booking System effectively addresses the major limitations of the former paper‑based process. Staff can now add equipment, record bookings with automated double‑booking prevention, review all stored records, perform searches by student or equipment name, and receive alerts when booking levels fall below expected thresholds.
Developed entirely with standard Python functionality, the system is dependable, intuitive to use, and requires no additional installation or configuration. While future enhancements-such as persistent data storage and a graphical user interface-could further strengthen its usability and long‑term value, the current implementation fully meets the academy’s immediate operational needs.
Overall, the project demonstrates a strong command of fundamental programming concepts, including abstraction, decomposition, and structured program design.
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Appendices
See Full Code Listing under Source Code

Welcome to Bright Minds Academy Equipment Booking System!

==================================================
     BRIGHT MINDS ACADEMY - EQUIPMENT BOOKING SYSTEM
==================================================
1. Add New Equipment
2. Record a Booking
3. View All Booking Records
4. Search Bookings
5. Low-Booking Alert
6. Exit
==================================================
Enter your choice (1-6): 1

 Add New Equipment
Enter equipment name (e.g., Laptop 1, Projector A): Laptop 1
Success: 'Laptop 1' has been added to the system.
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Bright Minds Academy - Equipment Booking System

Author: [Michael Asiedu]

Date: 28-04-2026

Features: Add equipment, record bookings, view records, search, low-booking alerts.

# Predefined student list (can be expanded later)
students = ["John White", "Kofi Asiedu”, "Peter Mills", "Papa Ofori", "John Wick"]

# Preloaded equipment names (laptops)
equipment_names = ["Laptop 1", "Laptop 2", "Laptop 3", “Laptop 4", "Laptop 5"]

# Dictionary to store bookings

# Key = equipment name, Value = list of (student, date) tuples
equipment_bookings = {name: [] for name in equipment_names}

# This makes it easier to expand (e.g., add “Projector 1” later)

def display_menu():
"""Displays the main menu options

print("\n" + "=" * 50)

print(" BRIGHT MINDS ACADEMY - EQUIPMENT BOOKING SYSTEM")
print(" * 50)

print("1. Add New Equipment™)

print("2. Record a Booking")

print("3. View All Booking Records™)
print("4. Search Bookings")
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print(“4. Search Bookings")
print("5. Low-Booking Alert")
print("6. Exit")

print("=" * 50)

---------------- ADD EQUIPMENT -------=--m--mmamm #
add_equipment():

"""Allows the user to add new equipment to the system.
print("\n--- Add New Equipment ---")

# Get user input
equip_name = input("Enter equipment name: ").strip()

# Validation: empty input

if not equip_name:
print("Error: Equipment name cannot be empty!")
return

# Validation: duplicate equipment

if equip_name in equipment_bookings:
print(f"Error: '{equip_name}' already exists!")
return

# Add equipment with empty booking list
equipment_bookings[equip_name] = []
print(f"Success: '{equip_name}' has been added.")




image5.png
Th Thonny - CA\Users\micha\bright academy.py @ 256: 1
File Edit View Run Tools Help

De o % o=
bright academy.py <untitled> * «  <untitled> *
58
59
60 def record_booking():
61 """Records a booking for a selected piece of equipment."""
62 print("\n--- Record a Booking ---")
63
64
65 if not equipment_bookings:
66 print("Error: No equipment available. Add equipment first.")
67 return
68
69
70 print(“"Available equipment:")
71 for equip in equipment_bookings:
72 print(f" - {equip}")
73
74
75 equip_name = input("Enter equipment name: ").strip()
76 if equip_name not in equipment_bookings:
77 print(f"Error: '{equip_name}' not found.")
78 return
79
80
81 print("\nRegistered students:")
82 for student in students:
83 print(f" - {student}")
84
85
86 student_name = input("Enter student name: ").strip()

87
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89 if not student_name:
90 print("Error: Student name cannot be empty!")
91 return
92
93 if student_name not in students:
94 print("Error: Student not in system.")
95 return
96
97
98 booking_date = input(“"Enter booking date (DD-MM-YYYY): ").strip()
99
100
101 if len(booking_date) 10 or booking_date[2] != '-' or booking_date[5] '
102 print("Error: Invalid date format. Use DD-MM-YYYY.")
1e3 return
104
105
106 for student, date in equipment_bookings[equip_name]:
107 if date == booking_date:
108 print(f"Warning: '{equip_name}' is already booked on {booking_date}.")
109 return
110
111
112 equipment_bookings[equip_name].append((student_name, booking_date))
113 print(f"Success: {equip_name} booked for {student_name} on {booking_date}.")

114
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def

def

view_all_bookings():
"""Displays all equipment and their bookings."""
print("\n--- All Booking Records ---")

if not equipment_bookings:
print("No equipment added yet.")
return

for equip_name, bookings in equipment_bookings.items():
print(f"\nEquipment: {equip_name}")

if not bookings:
print(" Status: Available (No bookings)")
else:
print(" Bookings:")
for student, date in bookings:
print(f" - Student: {student}, Date: {date}")

search_bookings():

"""Search bookings by student name or equipment."""
print("\n--- Search Bookings ---")

print("1. Search by Student Name\n2. Search by Equipment Name")

choice = input("Enter choice (1 or 2): ").strip()
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if choice == "1":
student_name = input("Enter student name: ").strip()

if not student_name:
print("Error: Student name cannot be empty!")
return

found = False
print(f"\nBookings for student '{student_name}':")

for equip_name, bookings in equipment_bookings.items():
for student, date in bookings:
if student.lower() == student_name.lower():
print(f" Equipment: {equip_name}, Date: {date}")
found = True

if not found:
print(f"No bookings found for '{student_name}'.")

elif choice

equip_name = input("Enter equipment name: ").strip()

if not equip_name or equip_name not in equipment_bookings:
print("Error: Equipment not found.")
return

print(f"\nBookings for {equip_name
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172

173 print(f"\nBookings for {equip_name}:")
174 bookings = equipment_bookings[equip_name]
175

176 if not bookings:

177 print(" No bookings recorded.")

178 else:

179 for student, date in bookings:

180 print(f" Student: {student}, Date: {date}")
181

182 else:

183 print("Error: Invalid choice.")

184

185

186

187 def low_booking_alert():

188 """Displays days with bookings below a chosen threshold.
189 print("\n--- Low-Booking Alert ---")

190

191 if not equipment_bookings:

192 print("No equipment or bookings in the system yet.")
193 return

194

195

196 try:

197 threshold = int(input("Enter minimum expected bookings per day (e.g. 3): "))
198 if threshold < o:

199 threshold = ©

200 except ValueError:
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Eexcept vaiuecrror:
print("Invalid input. Using default threshold = 3.")
threshold = 3

daily_counts = {}
for bookings in equipment_bookings.values():
for _, date in bookings:
daily_counts[date] = daily_counts.get(date, ©) + 1

if not daily_counts:
print("No bookings recorded yet.")
return

print(f"\n--- Days with fewer than {threshold} bookings ---")
alert_raised = False

for date, count in daily_counts.items():
if count < threshold:
print(f" A\ ALERT: {date} has only {count} booking(s)")
alert_raised = True

if not alert_raised:
print(f"v All days meet or exceed the threshold of {threshold}.")




image11.png
Th Thonny - CA\Users\micha\bright academy.py @ 256: 1
File Edit View Run Tools Help
De o % o=

bright academy.py *  <untitled>* - <untitled> *

227

228 def main():

229 """Main program loop that runs the system."""

230 print("Welcome to Bright Minds Academy Equipment Booking System!™)
231

232 while True:

233 display_menu()

234 choice = input("Enter your choice (1-6): ").strip()
235

236 if choice == "1":

237 add_equipment()

238 elif choice == "2":

239 record_booking()

240 elif choice == "3":

241 view_all_bookings()

242 elif choice == "4":

243 search_bookings()

244 elif choice == "5":

245 low_booking_alert()

246 elif choice 6":

247 print("Thank you for using the system. Goodbye!")
248 break

249 else:

250 print("Error: Please enter a number between 1 and 6.")
251

252

253

254 if _ _name__ == "__main__":

255 main()
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