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[bookmark: _Toc225335310]1.0 INTRODUCTION 
The effective management of academic equipment is essential for ensuring that teaching and learning activities run smoothly in educational environments. At Bright Minds Academy, the current paper-based equipment booking system has become inefficient and unreliable. Staff members often face challenges such as double bookings, misplaced records, and difficulty checking equipment availability. These issues lead to scheduling conflicts, wasted time, and reduced productivity. As the academy continues to grow, it has become increasingly important to replace the manual system with a computer-based solution that provides accuracy, consistency, and easy access to information.
This project focuses on the design and development of a digital Equipment Booking System to address these challenges. The proposed solution is a simple, menu-driven Python application that allows staff to manage equipment more effectively. The system enables users to add and view equipment, record and track bookings, generate availability reports, search for records, and monitor returns. It also includes validation features to prevent errors such as double bookings and incorrect data entry. In addition, a memory file is used to store booking information so that records are retained between sessions.

[bookmark: _Toc225335311]2.0 REQUIREMENT ANALYSIS 
Bright Minds Academy currently relies on a manual, paper-based equipment booking process, which creates several operational problems such as double bookings, lost records and difficulty tracking equipment availability [1]. The lack of a centralised system also makes it difficult for staff to monitor usage, identify overdue returns and retrieve booking information quickly. Therefore, a computer-based solution is required to digitise and streamline this process, improving accuracy, reliability and accessibility. 
The proposed system aims to provide a structured and user-friendly way of managing academic equipment bookings.
The first key functionality of the system is Equipment Inventory Management. Staff can view and add equipment items with unique identifiers. This ensures that each resource can be tracked individually, reducing confusion and improving organisation. A dedicated viewing option allows staff to quickly see all available equipment in the system.
The second core feature is Booking Creation and Recording. Staff can assign a specific piece of equipment to a student for a chosen date and expected return date. The system validates inputs and prevents double booking by checking whether the same equipment is already booked on the same date. This directly addresses the major issue experienced in the current paper-based system.
Another important functionality is Viewing and Reporting. Staff can display all recorded bookings, including booking dates, due dates and return status. Additionally, a status report	 allows users to check whether equipment is booked or available for a selected date. This improves planning and helps avoid scheduling conflicts.
The system also includes a Search Feature, enabling staff to find bookings quickly by student or equipment. This improves efficiency and reduces the need to manually review records.
Finally, a Return Equipment function provides an audit trail by recording when equipment has been returned.
This prototype focuses on these essential features as a Minimum Viable Product. More advanced features such as authentication, graphical interfaces or automated reminders may be developed in future versions [2].

Structured Diagram
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[bookmark: _Toc1841922806][bookmark: _Toc118202927][bookmark: _Toc977144223][bookmark: _Toc225335312]MoSCoW+ Requirement Prioritisation Table
	Priority
	Requirement / Feature
	Description

	Must Have
	Equipment Inventory Management
	The system must allow staff to add and store equipment items with unique identifiers (e.g., Laptop 1, Projector A). This is essential for tracking resources.

	Must Have
	Record Equipment Booking
	The system must allow staff to assign equipment to a student for a specific booking date and expected return date.

	Must Have
	Prevent Double Booking
	The system must check if equipment is already booked for a specific date before confirming a new booking.

	Must Have
	View Booking Records
	Staff must be able to view all existing booking records stored in the system.

	Must Have
	Data Storage
	The system must save booking records to a memory file so that data is not lost when the program closes.

	Should Have
	Equipment Availability Report
	The system should generate a report showing whether equipment is available or currently booked.

	Should Have
	Search Booking Records
	Staff should be able to search for bookings using student names to quickly retrieve information.

	Should Have
	Return Equipment Function
	The system should allow staff to mark equipment as returned and update the booking records.

	Could Have
	Edit or Cancel Bookings
	The system could allow staff to modify or delete booking records if details change.

	Could Have
	Timeslot Booking
	The system could support booking equipment for specific time periods rather than only dates.

	Won’t Have (Prototype)
	Multi-user Login System
	User authentication and role management will not be included in the prototype version.

	Won’t Have (Prototype)
	Cloud Database Integration
	The system will not use a full database or cloud storage and will rely on a simple file-based storage system.


 

                  
[bookmark: _Toc225335313]3.0 SOFTWARE DESIGN AND DEVELOPMENT 
Software design and development having where an identified problem is transformed into a working, functional solution [3]. For Bright Minds Academy, moving from a paper-based booking process to a computer-based system requires clear design decisions to ensure the final program is reliable, user-friendly and meets the required functionality. Design is important because it plans how the system will operate before coding begins. It defines how equipment and bookings will be stored, how users will interact with the menu and how rules such as preventing double bookings will be enforced. Without a structured design, the system could contain logical errors, inconsistent data handling or confusing user prompts.
Development then implements the design using Python, converting the planned logic into real functions and control structures. The system is built as a console-based, menu-driven application so that staff can repeatedly choose actions such as viewing equipment, recording bookings, searching records and returning equipment. Modular functions are used to improve readability and maintainability, ensuring each feature performs a single task. Input validation is included to reduce incorrect entries and keep records accurate. The outcome is a stable prototype that solves the academy’s core operational issues by providing clear records, fast lookup and a simple interface that staff can use confidently [4].

[bookmark: _Toc225335314]3.1 Design
[bookmark: _Toc225335315]3.1.1 Flowchart 
A flowchart is a diagram that represents how a process or program operates step by step using standard symbols and arrows [5]. It helps to visualise the sequence of actions, decisions, and outputs, making complex systems easier to understand and design. In software development, flowcharts are particularly useful during the planning stage because they provide a clear overview of program logic before coding begins.
In the Bright Minds Academy Equipment Booking System, the flowchart illustrates how the system processes user input, performs validation, and produces outputs. It also highlights the use of iteration “looping”. After completing any operation, the system returns to the main menu instead of terminating. This loop allows continuous interaction, enabling staff to carry out multiple tasks in a single session without restarting the program. This improves both usability and efficiency, which is essential in menu-driven systems [6].
The purpose of the flowchart in this project is to provide a structured visual representation of the system’s design. Before development, it was used to ensure that all required features were included and logically connected. This is important for a console-based system where users must navigate options easily, receive clear feedback, and avoid errors. The flowchart helps reduce the risk of missing steps, improves organisation, and ensures validation processes, such as preventing double bookings, occur at the correct stage.
The flowchart begins with a Start symbol, followed by the process Load Booking Data, where previously saved records are retrieved from a JSON file “bookings data. Json”. This ensures that data is retained between sessions. The system then displays the Main Menu, which includes options such as Add Equipment, View Equipment, Record Booking, View Bookings, Status Report, Search Bookings, Return Equipment, and Exit.
The user then selects an option, and a decision structure directs the program to the appropriate function. For example, when Add Equipment is selected, the system prompts for an equipment ID and name. A validation check ensures the ID is not empty or duplicated. If invalid, an error message is displayed; if valid, the equipment is added and a confirmation message is shown before returning to the menu.
When Record Booking is selected, the system collects inputs such as student name, equipment ID, booking date, and return date. Validation checks ensure the data is correct, and a conflict check prevents double bookings by comparing existing active records. If a conflict is detected, an error message is displayed; otherwise, the booking is saved with a unique ID and confirmation is provided [7].
Other menu options follow similar logical processes. View Equipment and View Bookings display stored data, while Status Report shows availability based on a selected date. Search Bookings allows users to find records using keywords and Return Equipment updates booking status and records return details. Finally, selecting Exit saves all data and terminates the program [8].
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[bookmark: _Toc1436927686][bookmark: _Toc1671829176][bookmark: _Toc566453389][bookmark: _Toc225335316]Input Process and Output (IPO) Table
	Input
	Process
	Output

	Equipment name entered by staff
	System stores the equipment name in the equipment list
	Equipment successfully added to the system

	User selects “View Equipment” option
	System retrieves and displays all stored equipment items
	List of all available equipment displayed

	Equipment ID, student name, booking date, return date
	System checks if the equipment is already booked for the selected date
	Booking confirmation or error message if double booking occurs

	User selects “View Bookings” option
	System retrieves all booking records from the bookings list
	Display of all current booking records

	User selects “Status Report” option
	System checks each equipment item and determines if it is available or booked
	Equipment availability report showing “Available” or “Booked”

	Student name entered for search
	System searches bookings list for matching student name
	Matching booking details displayed

	Equipment ID entered for return
	System locates booking record and removes it from the bookings list
	Confirmation message that equipment has been returned

	User selects “Exit” option
	System saves booking data to memory file (bookings data. Json)
	Program closes and data is stored





[bookmark: _Toc225335317]3.1.2 Pseudocode  
Pseudocode is a high-level representation of an algorithm that uses plain language and structured programming constructs such as sequence, selection and iteration to describe the logic of a program [9]. It is not bound by the syntax rules of any specific programming language, making it easier to understand, design and communicate program logic before implementation.
Pseudocode is used to represent the logic of a program in a clear and structured way before actual coding begins. It uses simple, English-like statements combined with programming constructs such as IF, ELSE and loops to outline how the system should operate. This helps developers understand the program flow, identify potential errors early and ensure the design is correct before implementation.

Bright Might Academy Pseudocode
START PROGRAM
 IMPORT datetime, date
  IMPORT Json
 SET DATA_FILE = "bookings data. Json"
 CREATE equipment inventory dictionary with:
        EQ001 -> Laptop 1
        EQ002 -> Laptop 2
        EQ003 -> Tablet 1
        EQ004 -> Tablet 2
        EQ005 -> Projector A
        EQ006 -> Projector B
        EQ007 -> USB Microphone
        EQ008 -> Headphones
        EQ009 -> Microscope
        EQ010 -> Robotics Kit
 CREATE empty list called bookings
    SET next booking id = 1
 FUNCTION clean(text)
  RETURN text with extra spaces removed
  END FUNCTION
 FUNCTION parse date (s)
   TRY
  CONVERT s into date using format YYYY-MM-DD
  RETURN converted date
  CATCH error
  RETURN None
  END FUNCTION
  FUNCTION dittos (d)
   IF d is a valid date
   RETURN date as string in ISO format
    ELSE
     RETURN None
    END FUNCTION
  FUNCTION stood(s)
   IF s exists
   RETURN parse date(s)
   ELSE
   RETURN None
   END FUNCTION
 
 
    FUNCTION relabel(equid)
   GET equipment item from equipment inventory using equid
    IF item exists
     RETURN equid + " - " + equipment name
     ELSE
      RETURN equid + " (Unknown)"
    END FUNCTION
  FUNCTION save data ()
    CREATE data structure containing:
    Next booking id
     bookings list with:
     id
     Student id
   equipment
    booking date as string
     due date as string
      returned
      return date as string
    OPEN DATA_FILE in write mode
     SAVE data as JSON with indentation
     CLOSE file
    END FUNCTION
 FUNCTION load data ()
   DECLARE bookings and next booking id as global
TRY
      OPEN DATA_FILE in read mode
       LOAD JSON data
        CLOSE file
        CATCH error
         RETURN
 SET next booking id from file data, default 1
        CLEAR bookings list
FOR each booking record in loaded data
        CONVERT booking date string to date
        CONVERT due date string to date
  IF both dates are valid
          ADD booking dictionary to bookings list with:
           id
           student
           Equipment id
           booking date
            date
             returned
             return date converted to date
            END IF
        END FOR
    END FUNCTION
 FUNCTION add equipment ()
     DISPLAY "Add Equipment"
  INPUT equipment ID
    CLEAN input
    CONVERT to uppercase
  IF equipment ID is empty
       DISPLAY "ID cannot be empty."
        RETURN
        END IF
  IF equipment ID already exists in equipment inventory
          DISPLAY "ID already exists."
          RETURN
        END IF
 INPUT equipment name
   CLEAN input
  IF equipment name is empty
    DISPLAY "Name cannot be empty."
     RETURN
     END IF
ADD new equipment to equipment inventory
 DISPLAY "Equipment added."
    END FUNCTION
 FUNCTION view equipment ()
   DISPLAY "Equipment List"
IF equipment inventory is empty
  DISPLAY "No equipment available."
        RETURN
        END IF
  FOR each equipment ID in equipment inventory
            DISPLAY formatted equipment label
        END FOR
    END FUNCTION
 FUNCTION record booking ()
        DECLARE next booking id as global
  DISPLAY "Record Booking"
   INPUT student name
        CLEAN input
  IF student name is empty OR contains digits
         DISPLAY "Invalid name."
         RETURN
        END IF
 CALL view equipment ()
 INPUT equipment ID
        CLEAN input
        CONVERT to uppercase
 IF equipment ID not found in equipment inventory
        DISPLAY "Equipment not found."
        RETURN
        END IF
  INPUT booking date
  CONVERT using parse date ()
  IF booking date is invalid
   DISPLAY "Invalid date."
   RETURN
   END IF
  INPUT return date
        CONVERT using parse date ()
 IF return date is invalid OR return date is earlier than booking date
     DISPLAY "Invalid return date."
      RETURN
      END IF
 FOR each booking in bookings
     IF same equipment id
    AND same booking date
     AND booking has not been returned
      DISPLAY "Equipment already booked."
       RETURN
       END IF
        END FOR
  ADD new booking to bookings with:
            id = next booking id
            student name
            equipment ID
 booking date
            due date
            returned = False
            return date = None
 INCREMENT next booking id by 1
        CALL save data ()
        DISPLAY "Booking saved."
    END FUNCTION
  FUNCTION view bookings ()
        DISPLAY "Bookings"
IF bookings list is empty
            DISPLAY "No bookings."
            RETURN
        END IF
FOR each booking in bookings
            IF booking returned is True
                SET status = "Returned"
            ELSE
                SET status = "Active"
            END IF
 DISPLAY booking ID, status, student, equipment label,
          booking date, and due date
        END FOR
    END FUNCTION
  FUNCTION status report ()
        DISPLAY "Status Report"
  INPUT date to check
        CONVERT using parse date ()
  IF date is invalid
            DISPLAY "Invalid date."
            RETURN
        END IF
 CREATE set called booked containing equipment IDs where:
            booking date equals entered date
            AND booking has not been returned
 FOR each equipment ID in equipment inventory
            IF equipment ID is in booked set
                DISPLAY equipment label + " -> BOOKED"
            ELSE
                DISPLAY equipment label + " -> AVAILABLE"
            END IF
        END FOR
    END FUNCTION
 FUNCTION search bookings ()
        INPUT search term
        CLEAN input
        CONVERT to lowercase
  FOR each booking in bookings
            Research term is in student name
            OR search term is in equipment ID
         DISPLAY student, equipment label, and booking date
         END IF
        END FOR
    END FUNCTION
IF FUNCTION return equipment ()
        CREATE list active containing bookings not yet returned
  IF active list is empty
            DISPLAY "No active bookings."
            RETURN
        END IF
FOR each active booking
    DISPLAY booking ID, student, and equipment label
     END FOR
  TRY
            INPUT booking ID
            CONVERT to integer
        CATCH error
            DISPLAY "Invalid."
            RETURN
        END TRY
  FOR each booking in bookings
            IF booking ID matches entered ID
               AND booking has not been returned
                SET returned = True
                SET return date = today’s date
                CALL save data ()
                DISPLAY "Returned."
                RETURN
            END IF
        END FOR
    END FUNCTION
  FUNCTION main ()
        CALL load data ()
 REPEAT forever
            DISPLAY menu:
                1. Add Equipment
                2. View Equipment
                3. Record Booking
                4. View Bookings
                5. Status Report
                6. Search
                7. Return Equipment
                8. Exit
  INPUT user choice
  IF choice = 1
                CALL add equipment ()
            ELSE IF choice = 2
                CALL view equipment ()
            ELSE IF choice = 3
                CALL record booking ()
            ELSE IF choice = 4
                CALL view bookings ()
            ELSE IF choice = 5
                CALL status report ()
            ELSE IF choice = 6
                CALL search bookings ()
            ELSE IF choice = 7
                CALL return equipment ()
            ELSE IF choice = 8
                CALL save data ()
                EXIT loop
            ELSE
                DISPLAY "Invalid."
            END IF
        END REPEAT
    END FUNCTION
  IF program is run directly
        CALL main ()
    END IF
 END PROGRAM


PESUDOCODE TO SCRIPT REFLECTION
Equipment inventory start represents the initial setup where the system prepares a structured list or dictionary to store equipment items [10]. It either creates a new inventory or loads existing data, ensuring each item has a unique identifier. This enables accurate tracking, management, and prevents errors during bookings and availability checks.
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Booking count start represents initializing or determining the total number of bookings in the system [11]. It sets a counter or counts existing records from stored data. This enables assigning unique booking IDs, managing records, and controlling loops for display or search, ensuring organised and efficient booking management.
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Background features start represents initializing essential behind-the-scenes processes such as loading saved data, setting validation rules, and preparing search functions [12]. These support system operations and enable quick, accurate responses to user actions. Without them, data handling and validation would be inefficient, reducing overall system reliability and performance.
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Memory system start represents initializing data storage structures such as lists, dictionaries, or files “e.g., JSON” [13]. It may also load previously saved data into memory to ensure continuity. This allows the system to store, retrieve, and manage equipment and booking records effectively, preventing data loss between sessions.

[image: ][image: ]


Equipment features start represents initializing functions for managing equipment, including adding, viewing, and storing items [14]. It ensures each item has a unique identifier and is organised for easy tracking. Separating these features improves structure, simplifies management, and reduces errors, ensuring the system handles equipment data effectively before bookings.
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Booking features start represents initializing functions for creating and managing bookings [15]. It records details such as equipment ID, student name, and dates, while checking availability and preventing conflicts like double bookings. Bookings are stored in a structured format for easy viewing, searching, and updating, ensuring accuracy and effective booking management.
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Bookings append refers to adding a new booking record to the system’s bookings list [16]. It stores details such as equipment ID, student name, and booking dates in a structured format. This ensures the booking is saved correctly, can be retrieved later, and supports accurate tracking, searching, and updating of booking records within system operations.
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Booking returns refers to updating a booking record when equipment is returned [17]. The system marks the booking as completed, records the return date, and updates its status. This ensures accurate tracking of available equipment, prevents conflicts with future bookings, and maintains reliable records for monitoring usage and generating reports.

[bookmark: _Toc225335318]3.2 Implementation Decision 
[bookmark: _Toc225335319]3.2.1 Data Structures 
Data structures are an essential part of software development because they determine how data is stored, organised and managed within a program [18] . In the Bright Minds Academy Equipment Booking System, appropriate data structures are used to ensure that equipment and booking information can be stored efficiently, accessed quickly and updated accurately. Choosing the right data structures improves system performance, reduces errors and makes the program easier to maintain.
In the Bright Minds Academy Equipment Booking System, a dictionary is used as one of the main data structures to store and manage information efficiently. A dictionary in Python stores data in key value pairs, where each key is unique and is used to access its corresponding value. This makes dictionaries particularly suitable for situations where data needs to be organised, retrieved quickly, and updated easily.
In this system, dictionaries are primarily used to manage equipment data. Each piece of equipment is stored using a unique identifier “equipment ID” as the key, while the value stores related details such as the equipment name. For example, an entry in the dictionary may look like: “"E001": "Laptop"”. This structure allows the program to quickly check whether an equipment ID already exists when adding new items, preventing duplication. It also enables fast retrieval when displaying or validating equipment during the booking process.
Dictionaries are also indirectly used within the bookings system, where each booking record is structured as a dictionary. Each booking contains multiple fields, such as booking ID, student name, equipment ID, booking date, return date, and status. These booking dictionaries are stored within a list, allowing the program to manage multiple bookings while keeping each record organised. This combination of lists and dictionaries provides flexibility and scalability, making it easier to add, search, and update records.
The use of dictionaries supports several key operations within the system. For instance, when recording a booking, the system checks if the entered equipment ID exists in the equipment dictionary. This ensures that bookings can only be made for valid items. Similarly, when searching for records, the program can quickly match input values with stored dictionary data. Dictionaries also simplify updating information, such as marking a booking as returned, because specific fields can be accessed directly using their keys.
The main reason for choosing dictionaries is their efficiency and simplicity. Dictionaries provide fast data access, typically in constant time, which improves the performance of the system when handling multiple records. They also make the code more readable and structured, as each piece of data is clearly labelled with a key. Compared to other data structures, such as lists alone, dictionaries reduce complexity when managing related data elements.


Variables
Definition of Variables 
A variable is a named storage location in a program that is used to hold data which can be changed during execution [19]. It acts as a container for values such as numbers, text, or more complex data types, allowing the program to store, update, and retrieve information when needed.
Variables are important because they enable programs to process data dynamically. For example, in the Bright Minds Academy Equipment Booking System, variables are used to store information such as student names, equipment IDs, booking dates, and user input. These values can change depending on the user’s actions.
Each variable has a name and a value, and in Python, variables are created when a value is assigned using the assignment operator (=). Using meaningful variable names improves code readability and makes the program easier to understand and maintain.

Explanation of the variables used
The Bright Minds Academy Equipment Booking System uses a range of variables to store, manage, and process data throughout program execution. These variables are essential for handling user input, maintaining records, and ensuring the system functions correctly.
One of the main variables used is the equipment dictionary, which stores all available equipment in the system. Each item is saved using a unique equipment ID as the key and the equipment name as the value. This allows the program to quickly check if an item exists, retrieve details, and prevent duplicate entries.
Another important variable is the bookings list, which stores all booking records. Each booking is represented as a dictionary containing details such as booking ID, student name, equipment ID, booking date, return date, and status. This structure allows the system to manage multiple bookings efficiently and supports features such as searching, viewing, and updating records.
The system also uses a booking Id counter variable to assign a unique identifier to each booking. This ensures that every booking can be tracked and referenced easily, especially when returning equipment or searching for specific records.
Input variables are also widely used throughout the program. These include variables such as student name, equipment id, booking date, and return date, which temporarily store user input before it is validated and processed. These variables allow the system to capture user data and perform necessary checks before saving it.
Additionally, a status variable is used within each booking record to indicate whether the equipment is currently “Active” or “Returned.” This helps the system track availability and prevents issues such as double booking.
Finally, variables are used in loops and conditional statements, such as temporary variables when iterating through the bookings list to check for conflicts or display records. These variables support program logic and ensure that operations are carried out correctly.
Overall, the use of variables in this system enables efficient data handling, supports validation processes, and ensures that the program operates in a structured and reliable manner.

	Variable / Name
	Data Type
	Example from Script
	Purpose

	DATA_FILE
	str
	"Bookings data. Json"
	Stores the filename used for saving and loading booking data.

	[bookmark: _Int_DR3i9S7T]Equipment inventory inventory  
	dict
	{"EQ001": {"name": "Laptop 1"}}
	Stores all equipment IDs and their names.

	bookings
	list
	[]
	Stores all booking records.

	Next booking id
	int
	1
	Keeps track of the next booking ID number.

	text
	str
	" Laptop 1 "
	Parameter in clean () used to remove extra spaces from text.

	s
	str (or None)
	"2026-03-10"
	Used in parse date () to hold a date string.

	d
	date (or None)
	date (2026, 3, 10)
	Stores a date object before converting to string.

	equip
	str
	"EQ001"
	Stores an equipment ID entered by the user or used in functions.

	item
	dict (or None)
	{"name": "Laptop 1"}
	Stores a single equipment record from equipment inventory.

	data
	dict
	{"equipment": {}, "bookings": []}
	Stores all system data before saving or after loading.

	f
	file object
	opened file
	Used when reading from or writing to the data file.

	b
	dict
	one booking record
	Stores a single booking when looping through bookings.

	bd
	date (or None)
	parsed booking date
	Temporary variable for booking date in load data ().

	dd
	date (or None)
	parsed due date
	Temporary variable for due date in load data ().

	name
	str
	"Projector C"
	Stores equipment name entered by the user.

	student
	str
	"Ali Khan"
	Stores the student's name for a booking.

	booking date
	date
	Date (2026, 3, 10)
	Stores the booking date.

	due date
	date
	Date (2026, 3, 15)
	Stores the return date.

	status
	str
	"Returned" / "Active"
	Stores booking status.

	date check
	date (or None)
	date (2026, 3, 10)
	Stores the date entered in status report.

	booked
	set
	{"EQ001", "EQ003"}
	Stores equipment IDs booked on a selected date.

	term
	str
	"EQ001" or "Ali"
	Stores the search keyword entered by the user.

	active
	list
	list of active bookings
	Stores bookings that have not yet been returned.

	bid
	int
	3
	Stores the booking ID entered for return.

	choice
	str
	"1"
	Stores the user’s menu option choice.

	Ch
	str
	"A"
	Stores a character when checking if a name contains digits.



[bookmark: _Toc225335320]3.2.2 Programming Constructs  
Programming constructs are the fundamental building blocks used to control how a program operates. They define the structure and flow of a program, enabling developers to organise instructions and manage how data is processed [20]. The main types of programming constructs include sequence “executing steps in order”, selection “making decisions using conditions such as if statements”, and iteration “repeating actions using loops”. These constructs ensure that programs run logically, efficiently, and produce correct outputs.
The Bright Minds Academy Equipment Booking System uses a range of programming constructs to ensure reliability, usability, and alignment with the menu-driven design presented in the flowchart and pseudocode. Key constructs include iteration (loops), selection “If/Elif/Else statements”, user-defined functions, and basic error handling and validation. These were chosen because they provide structure, prevent logical errors such as double bookings, and ensure the system responds correctly to user input.
A major construct used is iteration, particularly a continuous loop that keeps the system running. The program uses a while True loop to repeatedly display the main menu until the user selects the Exit option. This allows staff to perform multiple tasks in one session, such as viewing equipment, recording bookings, and returning items, without restarting the program. Without this loop, the program would terminate after a single operation, which would not reflect real-world system usage.
In addition, for loops are used to process collections of data. For example, when checking for double bookings, the system iterates through the bookings list to compare equipment IDs and booking dates against existing active bookings. For loops are also used when displaying all bookings, generating status reports, listing equipment, and searching booking records. This ensures efficient data processing and supports key system operations .
Another key construct is selection, implemented using if, Elif, and else statements. Selection controls program flow based on user input. It is used to manage the menu system, where each option triggers a specific function. It also enforces validation rules. For example, when recording a booking, the system checks whether the student's name is valid, whether the equipment ID exists, and whether the dates are correctly formatted. Selection is also used to enforce the critical business rule of preventing double bookings. If an active booking already exists for the same equipment on the same date, the system generates an error message and stops the booking process.
The system also uses user-defined functions to support modular design. Each feature is implemented as a separate function, such as add equipment (), view equipment (), record booking (), view bookings (), status report (), search bookings () and return equipment (). This improves readability and maintainability, as each function performs a single task and can be tested independently. It also allows code reuse and simplifies future updates, such as extending features or adding new functionality.
Finally, error handling and validation are used to maintain system stability. The program validates user inputs, including checking for empty values, incorrect IDs, and invalid date formats. A dedicated parsing function ensures that dates are correctly formatted, while try/except blocks prevent runtime errors when handling invalid input, such as non-numeric booking IDs. These techniques ensure the system handles errors gracefully and provides clear feedback, improving overall reliability.


[bookmark: _Toc225335321]3.2.3 Python Modules and Libraries   
 Python modules and libraries are collections of pre-written code that help programmers perform tasks more efficiently [21]. A module is a single file containing functions, variables, or classes, while a library is a collection of related modules that provide broader functionality. They enable developers to reuse existing code instead of writing everything from scratch, saving time and improving program reliability.
The Bright Minds Academy Equipment Booking System was designed as a simple, console-based prototype. Therefore, it primarily uses Python’s built-in modules and standard library features rather than external libraries. This decision ensures that the system remains lightweight, easy to understand, and suitable for the project’s Minimum Viable Product “MVP” scope. The focus of the system is on logical design, input validation, and data management rather than advanced graphical interfaces or database systems. As a result, only essential built-in modules were required to achieve the intended functionality.
One of the most important modules used is the datetime module, which is part of Python’s standard library. This module is used to handle booking dates, return dates, and date comparisons. When a booking is created, the system converts user input into a date object using functions such as datetime. Storytime (). This ensures that dates follow a consistent format and prevents invalid inputs, such as incorrect or incomplete date values. It also allows the system to perform logical comparisons, for example, ensuring that the return date is not earlier than the booking date. Without the datetime module, dates would need to be stored as plain text, increasing the risk of errors and reducing system reliability. Therefore, this module improves both accuracy and validation.
Another essential module used is the Json module, which supports persistent data storage. The system uses a JSON file “bookings data. Json” as a memory file to save and load booking records. The Json module enables the program to convert Python data structures, such as dictionaries and lists, into a structured format that can be easily stored and retrieved. This approach is suitable for small-scale applications because JSON is lightweight, human-readable, and widely supported. It also allows the system to maintain booking records between sessions without requiring a complex database. This aligns with the MVP approach by improving reliability while keeping the system simple.
In addition, Python’s built-in file handling features are used to open, read, and write data to the JSON file. These operations are implemented in functions such as save data () and load data (), ensuring that booking information is consistently preserved. This supports system stability and prevents data loss during program execution.
External libraries such as graphical frameworks, numerical libraries “e.g., NumPy”, or database connectors were intentionally not used. This ensures that the system can run on any computer with Python installed and keeps the focus on core programming concepts. In future development, additional libraries could be introduced to extend functionality, such as implementing a graphical user interface or integrating a database system. However, for this prototype, the selected built-in modules provide all required functionality while maintaining simplicity, portability, and clarity.

[bookmark: _Toc225335322]4.0 TESTING AND DEBUGGING  
[bookmark: _Toc225335323]4.1 Role of Testing in Software Environment 
Testing is the process of evaluating a software system to ensure that it functions correctly and meets its specified requirements. It involves identifying errors, bugs, and inconsistencies so they can be corrected before the system is deployed [22].
Testing plays a vital role in the software development environment because it ensures that a program operates reliably and according to its intended design. During development, issues such as logical errors, incorrect assumptions, and unexpected user inputs can occur. Testing helps to detect these problems early, reducing the risk of system failure and improving overall software quality.
One of the main purposes of testing is to verify that the system meets both functional requirements, such as performing tasks correctly, and non-functional requirements, including reliability and usability. By validating these aspects, developers can ensure that the software performs effectively under different conditions.
Testing also enhances system reliability and user confidence. By checking how the program responds to invalid inputs, such as incorrect dates or missing data, developers can ensure that errors are handled safely without causing the system to crash. Furthermore, identifying faults early reduces the time, cost, and effort required to fix issues later in the development process, making testing an essential part of building high-quality software.

[bookmark: _Toc225335324]4.2 Type of Errors in Programming 
During software development, programmers often encounter different types of errors that can affect how a program runs [23]. The two most common types of programming errors are syntax errors and logical errors.
Syntax Error
A syntax error occurs when the code violates the rules of the programming language. Programming languages such as Python have strict syntax requirements that must be followed. For example, missing brackets, incorrect indentation, or forgetting a colon after a conditional statement can cause a syntax error. These errors usually prevent the program from running at all. Fortunately, syntax errors are usually easy to fix because the interpreter or compiler identifies the line where the problem occurs and displays an error message. Programmers can correct the issue by reviewing the code and adjusting it to follow the correct syntax rules.
Example 1 
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Example 2
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Example 3
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Logical Error
A logical error, on the other hand, occurs when the program runs successfully but produces incorrect results. This type of error happens when the logic or algorithm used in the program is incorrect. Logical errors can be more difficult to identify because the program does not crash. They are usually fixed through careful testing, debugging, and reviewing the program’s logic to ensure it performs the intended tasks correctly.
Example 1
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Example 2
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Example 3
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Runtime Error
Definition and explanation of Runtime Error
A runtime error is an error that occurs while a program is executing, after it has successfully passed syntax checks. Unlike syntax errors, which prevent a program from running, runtime errors happen during execution and can cause the program to stop unexpectedly or behave incorrectly.
Runtime errors usually occur when the program encounters an invalid operation or unexpected input. Common examples include dividing by zero, accessing a variable that does not exist, opening a file that cannot be found, or entering incorrect data types “e.g., typing text instead of a number”. In Python, these errors generate exceptions, such as Value Error, Type Error, or File Not Found Error.
In the Bright Minds Academy Equipment Booking System, a runtime error could occur if a user enters non-numeric input when the program expects a number, such as a booking ID. To prevent this, the system uses error handling techniques like try/except blocks, which allow the program to handle the error gracefully instead of crashing.
Overall, runtime errors are important to understand because they affect program stability, and proper handling ensures that the system remains reliable and user-friendly.

Example 1
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Example 2
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Example 3
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Test cases were created to ensure that each feature of the Bright Minds Academy Equipment Booking System functions correctly and meets its functional requirements. Key tasks tested included adding equipment, recording bookings, preventing double bookings, searching records, and returning equipment. For each test case, specific inputs were defined, expected outputs were identified, and actual system results were compared to verify correctness. Both valid and invalid inputs were tested to ensure that validation rules and error handling mechanisms operate effectively. This structured approach to testing improves system reliability, accuracy, and ensures that the program performs as intended under different scenarios.





Test Case 1
This test case checks whether the system correctly displays all recorded booking information. It ensures that staff can view booking details such as equipment ID, student name, booking date, return date and status without errors.
	Test Case ID
	TC003

	Test Case Title
	View Booking.

	Objective
	To verify that the system correctly displays all stored booking record. 

	Preconditions
	The system is running and at least one booking record has already been saved.

	Test Steps
	1, Start the system. 2, Display the main menu. 3, select the view Booking option. 4, Observe the output show by the system. 

	Test Data
	Existing Booking record, for example: Equipment ID = E001, Student Name =John, Booking Date = 12/03/2026.

	Expected Result
	The systems display all saved booking records with correct details such as equipment ID, student name, booking date, return date and status.

	Pass/Fail  
	Pass if all stored booking is displayed correctly; Fail if record is missing, incorrect or not show.

	Comments
	This test ensures that staff can review booking information accurately and supports records tracking.
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Test Case 2: Return Bookings  
Return Bookings refers to the process of marking previously booked equipment as returned in the system. The logic behind this feature is to update the status of a booking once the equipment has been given back, ensuring that it becomes available for future use.
When a return is recorded, the system identifies the booking using details such as the equipment ID or student name, then updates its status from “booked” to “returned.” This helps maintain accurate records, prevents false booking conflicts and creates an audit trail of equipment usage. Without this feature, the system would not be able to track whether items are still in use or available, leading to potential errors in booking management.

	Test Case ID
	TC005

	Test Case Title
	Return Equipment

	Objective
	To verify equipment, return process

	Preconditions
	Active booking exists

	Test Steps
	1. Select "Return Equipment" 
2. Enter booking ID

	Test Data
	Booking ID: 1

	Expected Result
	Booking marked as returned

	Pass/Fail
	Pass

	Comments
	Status updated successfully
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[bookmark: _Toc225335326]5.0 EVALUATION 
Challenges 
One of the main challenges in developing the Bright Minds Academy Equipment Booking System was translating a real-world paper-based process into a structured digital solution. The manual system was simple but unorganised, so identifying key features such as booking validation, equipment tracking, and record management required careful planning. This was addressed by conducting a clear requirement analysis and creating a system design before coding, ensuring all necessary functionalities were included.
Another significant challenge was preventing double bookings. Early versions of the system did not correctly validate whether equipment was already booked for a specific date, leading to conflicts. This was resolved by implementing a validation process that checks both the equipment ID and booking date against existing records. This ensured that only available equipment could be booked, improving system reliability.
Data management also presented a challenge. As the system does not use a database, it was important to choose an effective method for storing and retrieving data. Lists and dictionaries were used for in-memory storage, while a JSON file was implemented to maintain data between sessions. File handling required testing and debugging to ensure data was saved and loaded correctly.
Another difficulty was handling user input. Incorrect or inconsistent data could affect system performance, so validation checks were added to handle empty fields, invalid formats, and incorrect options. This improved the overall robustness of the system and reduced the likelihood of runtime errors during operation.
Additionally, ensuring the system remained user-friendly was important. Clear prompts and feedback messages were added to guide users through each step, making the system easier to use. This also improved user confidence and reduced errors during interaction, ensuring the system could be used efficiently by staff with minimal technical experience. This also enhanced usability, reduced mistakes, and ensured efficient system operation for all users.

Future Improvement
Although the Bright Minds Academy Equipment Booking System successfully meets the core requirements, several improvements can be made to enhance its functionality, usability and overall performance. The current system is a basic console-based prototype, so future versions could focus on making the system more user-friendly and scalable. One key improvement would be the implementation of a Graphical User Interface (GUI). A GUI would replace the text-based menu with buttons, forms and visual elements, making the system easier to use for staff who may not be familiar with command-line interfaces. This would improve user experience and reduce the likelihood of input errors.
Another important enhancement is the addition of a user authentication system. Currently, the system does not restrict access, meaning anyone can view or modify booking data. Implementing login functionality with usernames and passwords would improve security and ensure that only authorised staff can access the system.
The system could also benefit from using a database, such as SQLite or MySQL, instead of a JSON file. A database would provide better data management, support larger amounts of data and allow more advanced queries, improving efficiency and reliability as the organisation grows.
Additionally, automated reminders and notifications could be introduced. For example, the system could send alerts when equipment is overdue or when a booking is approaching its return date. This would help staff manage resources more effectively and reduce the risk of lost equipment.
Another improvement would be the ability to generate detailed reports, such as usage statistics or booking trends. This would support better decision-making and resource planning. Furthermore, implementing backup and recovery features would protect data from loss, ensuring system reliability and maintaining accurate records in case of unexpected failures or technical issues. This would further enhance system efficiency, improve data security, and support long-term scalability and maintenance.


Self-Reflections 
Working on the Bright Minds Academy Equipment Booking System was a valuable learning experience that significantly contributed to my development as a programmer. One of the key lessons I learned was how to transform a real-world problem into a structured software solution. At the start of the project, I analysed issues in the paper-based system, such as double bookings, poor organisation, and difficulty retrieving records. This highlighted the importance of requirement analysis and careful planning before development.
During the project, I developed practical programming skills using Python, including working with dictionaries, lists, loops, conditional statements, and functions. These were used to build the system’s core features and manage data effectively. I also implemented input validation to prevent incorrect data entry, which improved system reliability and helped me understand the importance of anticipating user behaviour.
Testing and debugging were key parts of the development process. By running different scenarios and fixing logical errors, I strengthened my problem-solving skills and learned to approach issues more systematically. This process also improved my attention to detail and ability to analyse system behaviour, ensuring that the final solution was accurate, efficient, and suitable for real-world use in managing equipment bookings.
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#

--- Equipment Inventory --
L]

equipnent_inventory = §

"EQOO1": {"name’: *Laptop 1°},
"EQU62": {"name’: Laptop 2°},
"EQUO3": {"name’: *Tablet 1°},
"EQUO4™: {"name’: *Tablet 2°},
"EQOO5™: {"name*: *Projector A"},
"EQOO6™: {"name*: *Projector B°},

"EQO07'
"EQO08!
"EQO09" :
"EQO16!

{"name*: *USB Microphone"},
{"name*: *Headphones"},
{"name*: *Microscope"},
{"name*: *Robotics Kit'},
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# -

Booking Count -

bookings = []
next_booking_id = 1




image6.png
-Background Functions -

def clean(text): 5usages
return * *.join(text.strip().spLit())

def parse_date(s): 4 usages
try:
return datetime.strptine(s.strip(), fomat: "%Y-%n-%d").date()

except:
return None

def d_to_s(d): 3usages
return d.isoformat() if isinstance(d, date) else None

def s_to_d(s): 3usages
return parse_date(s) if s else None

def eq_label(eq_id): 5usages
iten = equipnent_inventory.get(eq_id)
return £*{eq_id} - {item['name’]}* if item else f*{eq_id} (Unknown)*
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# - - Memory System -
def save_data(): 3usages
data = {
“next_booking_id": next_booking_id,
“bookings*: [
{
"id*: b[*id"],
"student”: b["student’],
"equipment_id": b[*equipment_id"],
“booking_date": d_to_s(b[*booking_date*1),
"dve_date: d_to_s(b["due_date"]),
“returned: b[*returned-],
“return_date*: d_to_s(b[*return_date"]),

i3
for b in bookings
s
i3
with open(DATA_FILE, *w") as f:
json.dump(data, f, indent=2)

def load_data(): 1usage
global bookings, next_booking_id
try:
with open(DATA_FILE, *r®) as f:
data = json.load(f)

except
return

next_booking_id = int(data.get("next_booking_id®, 1))
bookings..clear ()

for b in data.get("bookings®, [1):
bd = s_to_d(b[*booking_date*])
dd = s_to_d(b[*dve_date*])
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if bd and dd:
bookings.. append ({

"id*: b[*id"],
"student”: b["student’],
"equipment_id": b[*equipment_id"],
*booking_date*: bd,
“due_date: dd,
“returned: b[*returned-],
“return_date*: s_to_d(b[*return_date"]),

b
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# - - Equipment Features -
def add_equipment(): 1usage

print(*\n--- Add Equipment -

eq_id = clean(input(*Equipment TD (e.g., EQO11): *)).upperC

if not eq_i
print(*ID cannot be empty.®)
return

if eq_id in equipment_inventory:
print(*ID already exists.")
return

name = clean(input(“Equipment name: *))
if not name:
print(*Nane cannot be empty.*)
return

equipment_inventory[eq_id] = {*name*: name}
print(*Equipnent added. ")

def view_equipment(): 2usages
print(*\n--- Equipment List -
if not equipment_inventory:
print(*No equipment available.
return

for eq in equipment_inventory:
print(eq_label(eq))
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# - Booking Features -
def record_booking(): 1usage
global next_booking_id

print(*\n--- Record Booking ---*)
student = clean(input(“Student name: *))

if not student or any(ch.isdigit() for ch in student):
print(*Invalid name
return

view_equipnent()
eq_id = clean(input(*Equipnent I0: *)).upper(

if eq_id not in equipment_inventory:
print(*Equipment not found.*)
return

booking_date = parse_date(input(*Booking date (YYYY-HH-DD): "))

if not booking_date:
print(*Invalid date.
return

due_date = parse_date(input(“Return date (YYYY-HH-DD): *))
if not due_date or due_date < booking_date

print(*Invalid return date.*)

return

for b in bookings:
if b["equipment_id"] == eq_id and b[*booking_date"]
print(*Equipnent already booked. ")
return

= booking_date and not b[*returned=]:
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def

def

bookings.. append ({
*id": next_booking_id,
“student”: student,
"equipment_id": eq_id
“booking_date": booking_date
"due_date: due_date,
“returned": False,
“return_date": None,

b

next_booking_id += 1
save_data()
print(*Booking saved.")

view_bookings(): 1usage

print(*\n--- Bookings ---

if not bookings:
print(*No bookings. ")
return

for b in bookings:
status = "Returned” if b[*returned”] else *Active®
print(
fr10:{b['id' ]} | {status} | {b['student']} | =
F*{eq_label(b['equipnent_id' D} | *
£*{b['booking_date']} to {b['due_date']}"

status_report(): 1usage

print(*\n--- Status Report ---*)

date_check = parse_date(input(*Enter date: "))

if not date_check:
print(*Invalid date
return
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booked = {
b["equipnent_id"]
for b in bookings
if b[*booking_date"]

date_check and not b[*returned*]

for eq in equipment_inventory:
print(eq_label(eq), *->*, "BOOKED® if eq in booked else "AVATLABLE"

def search_bookings(): 1usage
term = clean(input(*Search: *)).lower(

for b in bookings:
if term in b[*student*].lower() or term in b[*equipment_id*
print(
f{b['student’]} | {eq_label(b['equipment_id'1)} | {b['booking_date']}"

-lower(:

def return_equipment(): 1usage
active = [b for b in bookings if not b[*returned*]]

if not active:
print(*No active bookings. ")
return

for b in active:
print(F*10:{b[*id"]} | {b['student']} | {eq_label(b['equipment_id'1)}"

try:
bid = int(input(*Booking ID: *)

[EXCERE
print(*Invalid.*)
return
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for b in bookings:
if b[*1d"] == bid and not b[*returned”
b[*returned*] = True
b["return_date®] = datetime.today().date()
save_data()
print(*Returned.")
return
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if choice == 1
print(*Add Equipment*)

if choice == 1:
print(*Add Equipment*)
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if choice =
print(*option selected")

if choice
print(*option selected")
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while (x = 5):

print(x)
x =5
while x

3 print(x)
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3 if booking_date > today:
print(*Booking is valid*)

36 if booking_date >= today:
37 print(*Booking is valid®)
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if booking[*returned] == True:
print(*Cannot book again*)

if booking[*returned] == False:
print(*Cannot book again*)
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58

if name
print(*Valid input®)

if name
print(*Invalid input*)
else:
print(*Valid input®)
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v lwith open(*bookings.txt®, *r*) as file:
print(file.read())

v with open(*bookings.txt®, *r*) as file:
print(file.read())

66 except_FileNotFoundErron:

67 print(*File does not exist®)
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|
equipnent = [*Laptop®, *Tablet"]
equipment.upper ()

equipment = [*Laptop*, *Tablet']

for item in equipment:
print (iten.upper())
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print(total)

total = 5
total = 5

print(total)




image23.png
# - Booking Features
def record_booking(): 1usage
global next_booking_id

a3~ v

print(*\n--- Record Booking ---")
student = clean(input(“Student name: *))

G a
C:\Users\defem\PyCharmMiscProject\.venv\Scripts\python.exe C:\Users\defem\PyCharmMiscProject\script.py,

Bright Minds Equipment System
1. Add Equipment

View Equipment

3. Record Booking

4. View Bookings

5. Status Report

6. Search

7. Return Equipment

8. Exit

Choice: 3

[

& @

--- Record Booking ---
Student name: Dan John

--- Equipment List ---

EQO61 - Laptop 1

EQU62 - Laptop 2

EQO63 - Tablet 1

EQOB4 - Tablet 2

EQOE5 - Projector A

EQOB5 - Projector B

EQVO7 - USB Microphone

EQVGS - Headphones

EQO69 - Microscope

EQO16 - Robotics Kit

Equipnent ID: EQ62

Booking date (YYYY-MM-DD): 2026-63-10
Return date (YYYY-MM-DD): 2026-03-11
Booking saved.
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der add_equipment(): 1usage
print(*Equipnent added. )

def view_equipment(): 2usages
print(*\n--- Equipment List
if not equipment_inventon
print(*No equipment available.®)
return

for eq in equipment_inventory:
print(eq_label(eq))

3

EQO63 - Tablet 1
EQOB4 - Tablet 2
EQOE5 - Projector A
EQOB5 - Projector B
EQVO7 - USB Microphone
EQVGS - Headphones
EQO69 - Microscope
EQO16 - Robotics Kit

Bright Minds Equipment System

1. Add Equipment

2. View Equipment

3. Record Booking

4. View Bookings

5. Status Report

6. search

7. Return Equipment

8. Exit

Choice: 7

I0:1 | James Whatt | EQ881 - Laptop 1
ID:2 | Dan John | EQe62 - Laptop 2
Booking ID: 4

Returned.




