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The increasing adoption of smart technologies has transformed the way educational institutions manage classroom environments and resources. Bright Minds Academy, a small private tutoring centre known for its personalised learning approach, is embracing smart technology to improve its classrooms. They are currently testing a smart classroom system with devices like smart lights, thermostats, and projectors aimed at making classrooms more efficient and enhancing the learning experience. However, managing these devices manually has become a challenge. Staff struggle to keep track of which devices are connected, where they are, their status, and usage—all of which is time-consuming and prone to mistakes, especially as the number of devices grows. (M.Al-Emran V. Mezhuyev, and A. Kamaludin, 2018) (S. Madakkam R. Ramaswamy S.Tripathi, 2015)

To solve this, the project proposes building a Smart Device Manager using Python. This simple command-line tool will help staff easily add new devices, update their status, search for devices, and view all registered devices. Instead of using a complex database, the system will use Python dictionaries to keep things straightforward and suitable for a small setup like Bright Minds Academy. By automating these tasks, the solution aims to save time, reduce errors, and provide an efficient way to manage smart classroom devices.
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1. [bookmark: _Toc233385056]Analysis (500 words) 
• Requirements Analysis 
The Smart Device Manager is created to meet the needs of Bright Minds Academy by offering a straightforward and efficient solution for managing smart classroom devices. The system's requirements were identified by examining the project and pinpointing the main tasks staff need to perform to monitor and control connected devices. The key functions the system must provide are clearly outlined to ensure effective device management for the staff.



Business Requirements Analysis
The proposed Smart Device Manager has been designed to satisfy the operational requirements of Bright Minds Academy by providing a simple and efficient method of managing smart classroom devices. The academy requires a system that enables staff to maintain accurate records of connected devices without relying on manual documentation. The application should allow users to register new devices, record their classroom locations, and monitor their operational status. Additionally, staff should be able to update device information whenever changes occur, search for individual devices quickly, and display a complete list of all registered devices. As the project is intended for a small organisation, the solution should remain user-friendly, lightweight, and should not require a database management system.



Functional Requirements

1 Add a New Smart Device: The system provides functionality for users to add a new smart device by inputting a device name and specifying its location within a designated room. Prior to storing the information, the system performs validation to ensure that the device name is non-empty and unique within the existing dataset. Upon successful validation, the device is recorded with the associated room and initialized with a default operational status.
The user shall be able to enter a device name and its location.
Example:
Device Name: Smart Light A1
Location: Classroom A

2 Store the Device Location: Every smart device needs to be linked to a specific room or classroom. Saving this location helps staff know exactly where the device is installed and makes managing classrooms easier. The location should be stored with the device details and shown whenever someone looks at or searches for the device. (Sommerville, 2016)

3 Store the Device Status: The system is designed to maintain the operational status of all registered devices. Each device is categorized under one of three predefined statuses: Online, Offline, or Under Maintenance. This classification enables staff to promptly assess the availability and condition of each device (R.S. Pressman and B.R. Maxim, 2019).

4 Update the Device Status: The application should permit users to update the status of an existing device in response to changes in its operational condition. The system must validate the input to ensure only predefined status values are accepted. If an invalid status is provided, the system should display an appropriate error message. (Sommerville, 2016)

5 Search for a Device: The system should offer a search functionality that allows users to locate a device by entering its name. Upon finding a matching device, the application should display its name, associated location, and current operational status. If no matching device is identified, the system should notify the user accordingly. (R.S. Pressman and B.R. Maxim, 2019)

6 View All Registered Device: Users should have the capability to view a comprehensive list of all registered smart devices. The list must include each device’s name, its assigned room location, and operational status. This functionality provides staff with an overview of all classroom devices and facilitates effective monitoring. (Sommerville, 2016)

7 Exist the Program Safely:  The system should provide an option for users to exit the application safely. Upon selection, the program should terminate gracefully without producing errors, ensuring a seamless user experience




		Non-Functional Requirements
In addition to the functional requirements, the Smart Device Manager must meet several non-functional requirements to ensure the application’s reliability, usability, and suitability for the operational needs of Bright Minds Academy.
· Reliability: The system shall consistently maintain accurate and reliable device information. It must execute operations such as adding, updating, searching, and displaying devices without generating incorrect results or unexpected failures. Input validation mechanisms should be implemented to minimize errors and ensure data integrity. (Sommerville, 2016)
· Performance: The app should respond quickly when users add devices, update statuses, search for devices, or view the device list. Since it uses Python dictionaries to store data, these actions should happen smoothly and without delay to give users a good experience. (Python Documentation, 2026)

Security: The system must safeguard device information against accidental loss or corruption by validating user input prior to storing or updating records. Although advanced security measures such as user authentication and encryption fall outside the scope of this project, the application should ensure that only valid data is processed and maintained throughout its operation.


· Accessibility: The system should be accessible and user-friendly for all staff members, regardless of their technical proficiency. A straightforward, menu-driven command-line interface with clear instructions and informative messages should facilitate user navigation and task completion with minimal training.
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Design: A simplified Waterfall Software Development Life Cycle (SDLC) was used for this project.

The stages included:
Requirements Analysis → Design → Implementation → Testing → Evaluation
The Waterfall model was suitable because the Smart Device Manager’s requirements were clearly defined in the project brief. Core functions—such as adding devices, searching, updating statuses, and displaying devices—were established before programming began.
 
· Flowcharts: Use flowcharts to graphically represent the logic and flow of the design of your solution. 

· Pseudo-code: 
· Main Program
· BEGIN
· 
· CREATE empty devices dictionary
· 
· WHILE program is running
· 
·     DISPLAY "Smart Device Manager"
·     DISPLAY "1. Add Device"
·     DISPLAY "2. Update Device Status"
·     DISPLAY "3. View Devices"
·     DISPLAY "4. Search Device"
·     DISPLAY "5. Exit"
· 
·     INPUT choice
· 
·     IF choice = 1
·         CALL add_device()
· 
·     ELSE IF choice = 2
·         CALL update_device_status()
· 
·     ELSE IF choice = 3
·         CALL view_devices()
· 
·     ELSE IF choice = 4
·         CALL search_device()
· 
·     ELSE IF choice = 5
·         DISPLAY goodbye message
·         STOP program
· 
·     ELSE
·         DISPLAY invalid selection message
· 
· END WHILE
· 
· END



Add Device Pseudocode
FUNCTION add_device


    INPUT device_name

    IF device_name is empty
        DISPLAY error
        RETURN
    END IF

    IF device already exists
        DISPLAY error
        RETURN
    END IF

    INPUT location

    IF location is empty
        DISPLAY error
        RETURN
    END IF

    DISPLAY status options

    REPEAT
        INPUT status
    UNTIL status is valid

    STORE device_name, location and status

    DISPLAY success message

END FUNCTION


Update Status Pseudocode
FUNCTION update_device_status

    IF no devices exist
        DISPLAY no devices message
        RETURN
    END IF

    INPUT device_name

    IF device does not exist
        DISPLAY not found message
        RETURN
    END IF

    DISPLAY current status

    DISPLAY available statuses

    INPUT new_status

    VALIDATE new_status

    UPDATE device status

    DISPLAY success message

END FUNCTION

Search Pseudocode
FUNCTION search_device

    INPUT device_name

    SEARCH devices

    IF device exists
        DISPLAY device name
        DISPLAY location
        DISPLAY status
    ELSE
        DISPLAY device not found
    END IF

END FUNCTION

View Devices Pseudocode
FUNCTION view_devices

    IF devices dictionary is empty
        DISPLAY no devices registered
    ELSE
        FOR each device
            DISPLAY name
            DISPLAY location
            DISPLAY status
        END FOR
    END IF

END FUNCTION
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Data Structures: The primary data structure used in the application is a Python dictionary.
Example:
devices = {    "Smart Light A1": {        "location": "Classroom A",        "status": "Online"    },    "Projector B2": {       "location": "Classroom B",        "status": "Offline"    }}
Dictionaries are suitable because they store information as key-value pairs. The device name acts as the primary key, while its location and status are stored in a nested dictionary.
For instance, accessing:
devices["Projector B2”] ["status"]
would return:
Offline
Dictionaries also simplify searching for device names by providing direct access to their associated information.














	Variable 
	Data Type
	Purpose

	Device 
	Dictionary
	Stores all device information 

	Device_name 
	String 
	Stores all names of device 

	Location
	String
	Stores the room/location

	Status 
	String 
	Stores the operational status 

	Choice 
	String
	Stores the main-menu selection 

	Status_choice
	String 
	Stores the selected status option

	Valid_statuses
	String 
	Maps status numbers to status names




· Programming Constructs: Justify your choice of programming constructs, e.g., control structures (e.g., if then statements, loops, etc.), functions, and error handling. 
· Python Modules and Libraries: Describe and justify any built-in Python modules and libraries used in your project. 
[bookmark: _Toc233385060]Source Code 
• On the title page, provide a link to the repository of your fully functional code, preferably a version control such as GitHub. 
•Please use some screenshots of your codes to explain them further.
• The code should be organised and demonstrate the use of best coding practices such as commenting, spacing, etc. 
• Show a code listing with annotations (comments).
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 Importance of Program Testing
Software testing is a critical phase in development as it verifies whether a program meets its requirements. A program may run without crashing but still produce incorrect results. Testing helps developers identify and fix defects before releasing software to users.
For the Smart Home Device Manager, testing is especially important because inaccurate device information could confuse academy staff. For example, if the system accepts an invalid status or falsely reports a projector as online, staff may rely on incorrect data.
Testing also ensures validation mechanisms work correctly. The Smart Home Device Manager must be tested with both valid and invalid inputs.
· Positive testing verifies that expected inputs function properly, such as successfully adding a valid device name like "Smart Light A1."
· Negative testing involves intentionally entering incorrect data, like leaving the device name blank, which should trigger an error instead of creating an unnamed device.
· Boundary and edge-case testing examine uncommon scenarios, such as attempting to display devices when none are registered.
Systematic testing enhances the application’s reliability, usability, and user confidence.
 
 Types of Programming Errors

Syntax Errors
A syntax error occurs when Python code violates the language’s grammatical rules.
Example:
if choice == "1"    add_device()
The colon is missing after the if statement.
Correct version:
if choice == "1":    add_device()
Python typically detects syntax errors when the program is executed.



Runtime Errors
A runtime error happens while the program is running.
Example:
number = int("hello")
Python cannot convert the string "hello" into an integer, causing a runtime error.
Such errors can be handled using validation or exception handling where appropriate.



Logical Errors
A logical error occurs when the program runs without crashing but produces incorrect results.
Example:
if choice == "1":    view_devices()
Here, the code is syntactically correct, but option 1 should add a device rather than display devices.
Logical errors are usually identified through thorough testing by comparing expected and actual outcomes.
. 
c) Create and apply test cases to verify the validation you have implemented. For example, show testing (with screenshots and comments) to demonstrate that the solutions work under all circumstances (including correct and incorrect user inputs). 
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Write a reflective summary of your project experience and outcomes. It should include: 

• Challenges Faced: One key challenge during the development of the Smart Home Device Manager was organizing device information effectively. While a single list could have been used, managing multiple attributes for each device would have become increasingly complex. This was resolved by using nested Python dictionaries, where each device name serves as a key linked to another dictionary containing the device’s location and status.
Implementing proper validation posed another challenge. Without it, users might enter empty names, duplicate devices, or invalid statuses. To address this, conditional statements and loops were introduced to verify information before storage.
Case sensitivity also presented a potential issue. For instance, "Smart Light A1" and "smart light a1" could mistakenly be treated as different devices. Utilizing the .lower() string method during comparisons enabled case-insensitive searching and duplicate detection.
Ensuring the application remained understandable was another important consideration. Rather than placing all code in a single block, the program was divided into separate user-defined functions, making it easier to read, test, and debug.


• Future Improvements: While the current system meets the specified requirements, several enhancements could be implemented in future versions.
One key improvement would be permanent data storage. Currently, the device information is stored only in memory and is lost when the program closes. Future versions could save records to a text file, CSV, JSON file, or a database such as SQLite for persistence.
Developing a graphical user interface (GUI) using a Python framework like Tkinter could also improve usability. Features like buttons, forms, and tables would make the software more accessible to non-technical users.
Introducing user authentication would restrict modifications to authorized staff members only, enhancing security.
Additional device information could be recorded, such as:
· Device identification number
· Manufacturer
· Installation date
· IP address
· Last maintenance date
· Date last used
· Responsible technician
The application could eventually integrate with Internet of Things (IoT) technology to automatically collect device statuses, eliminating the need for manual entry.
Further functionalities could include removing devices, editing locations, sorting records, and generating reports.

 


[bookmark: _Toc233385063]• Self-Reflections: Developing the Smart Home Device Manager enhanced my understanding of applying programming concepts to real-world organizational challenges.
A key lesson was that software development should start with thoroughly understanding the problem rather than immediately writing code. Breaking down the requirements into smaller parts helped me identify the necessary functions for the application.
My understanding of Python dictionaries deepened during the project. While I knew dictionaries store key-value pairs, this project demonstrated how nested dictionaries can represent more complex information. For example:
devices[device_name] = {    "location": location,    "status": status}
This structure allowed multiple properties to be associated with a single device.
The project also strengthened my grasp of functions and modular programming. Creating separate functions for adding, updating, searching, and displaying devices resulted in more readable and maintainable code compared to placing all logic in a single procedure.
Testing highlighted the importance of handling incorrect inputs. Initially, I focused on correct user inputs, but real users may leave fields blank, select invalid menu options, or search for non-existent devices. Implementing validation for these cases improved the application's reliability.
Overall, this project increased my confidence in Python programming, requirements analysis, algorithm design, software testing, and debugging. It also illustrated how the Software Development Life Cycle offers a structured approach to transforming a business problem into a functional software solution.









Conclusion
The Smart Home Device Manager was developed to address the challenges Bright Minds Academy faced in manually managing smart classroom equipment. The completed Python application includes key features such as adding devices, updating statuses, viewing registered devices, and searching for individual devices.
Abstraction was employed to represent each device with essential attributes—name, location, and operational status. Problem decomposition divided the program into smaller functions, simplifying design, implementation, testing, and maintenance.
Python dictionaries were chosen as the primary data structure due to their simplicity in linking unique device names with associated information. The application logic was implemented using functions, loops, and conditional statements, while validation mechanisms prevented invalid inputs.
Testing showed the solution handles both valid and invalid user inputs, including duplicates, empty entries, incorrect menu selections, and unsuccessful searches.
Although the current application meets project requirements, future enhancements could include permanent data storage, graphical user interfaces, user authentication, and automatic IoT device monitoring.
Overall, this project illustrates how fundamental programming concepts and structured software development techniques can combine to deliver a practical, user-friendly solution to a real organizational problem.
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Appendices 
•Append to the report relevant supplementary information. 


