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1. Analysis 
Introduction: Defining the Problem
The problem this software solution addresses is the inefficient and error-prone process of manually tracking and managing student attendance in educational institutions. Traditional methods, such as paper sign-in sheets or simple spreadsheets, often suffer from issues like:
· Inaccuracy: Human errors during recording or transcription.
· Time Consumption: Significant time spent by instructors or administrators to collect, collate, and calculate attendance data.
· Lack of Real-time Insight: Difficulty in generating immediate reports for patterns of absenteeism or non-compliance.
· Security/Integrity Issues: Paper records can be lost or tampered with more easily than a secure digital system.
The Solution: A computer-based User-Friendly Attendance System developed in Python will provide a robust, fast, and accurate digital solution to record, store, and report on attendance data, significantly streamlining administrative tasks and providing valuable data for timely intervention.
Requirements Analysis: Identifying Functionalities
Based on abstraction and problem decomposition, the core functionalities are:
	Feature ID
	Feature Description

	FR1.0
	Record Attendance: Allow an administrator/user to mark a specific student as Present, Absent, or Late for a specific session/date.

	FR2.0
	View Attendance Records: Allow the user to view the attendance data, either for a single student or for all students for a specific date.

	FR3.0
	Add/Remove Student: Provide a function to manage the student roster (add new student or remove existing).

	FR4.0
	Data Persistence: Ensure that attendance data and student records are saved (e.g., to a CSV or text file) and loaded automatically upon system start.

	FR5.0
	User Interface (UI): Implement a clear, menu-driven interface to navigate between the different system functions.

	FR6.0
	Input Validation: Ensure all user inputs (e.g., student IDs, attendance status, menu choices) are checked for appropriateness and correctness.



Possible Future/Expanded Functionalities (Beyond the Initial Version): Generate Reports, Multi-User Access, Graphical User Interface (GUI), Database Integration.

2. Software Design and Development
a. Design
Flowcharts
A flowchart is a graphical representation of the logic and flow of the program.
Main Program Flowchart
Record Attendance Function Flowchart
Pseudo-code
Main Program Pseudo-code
Code snippet
FUNCTION Main()
    DATA_FILE = "attendance_data.csv"
    STUDENTS = LoadData(DATA_FILE)

    LOOP
        DisplayMenu()
        CHOICE = GetUserInput("Enter your choice: ")
        
        IF CHOICE == '1' THEN
            RecordAttendance(STUDENTS)
        ELSE IF CHOICE == '2' THEN
            ViewAttendance(STUDENTS)
        ELSE IF CHOICE == '3' THEN
            ManageStudents(STUDENTS)
        ELSE IF CHOICE == '4' THEN
            SaveData(STUDENTS, DATA_FILE)
            EXIT LOOP
        ELSE
            DisplayError("Invalid choice. Please try again.")
        END IF
    END LOOP
END FUNCTION
Record Attendance Function Pseudo-code (Core Functionality)
Code snippet
FUNCTION RecordAttendance(STUDENTS)
    SESSION_DATE = GetUserInput("Enter Date (YYYY-MM-DD): ")
    
    LOOP
        STUDENT_ID = GetUserInput("Enter Student ID (or 'exit' to return): ")
        IF STUDENT_ID == 'exit' THEN
            BREAK LOOP
        END IF

        IF STUDENT_ID IS NOT IN STUDENTS THEN
            DisplayError("Student ID not found. Please try again.")
            CONTINUE LOOP
        END IF

        LOOP
            STATUS = GetUserInput("Enter Attendance Status (P: Present, A: Absent, L: Late): ")
            STATUS = ConvertToUpperCase(STATUS)
            
            IF STATUS IN ('P', 'A', 'L') THEN
                // Implementation: Update the nested dictionary structure
                STUDENTS[STUDENT_ID][SESSION_DATE] = STATUS
                DisplayMessage("Attendance for " + STUDENT_ID + " recorded as " + STATUS)
                BREAK LOOP 
            ELSE
                DisplayError("Invalid status. Use P, A, or L.")
            END IF
        END LOOP

    END LOOP
END FUNCTION


b. Implementation Decisions
Data Structures
	Structure/Variable
	Description
	Choice Justification

	STUDENTS (Primary Structure)
	A Python Dictionary where the key is the unique Student ID and the value is another dictionary holding records.
	Dictionaries provide fast O(1) look-up based on a unique key, which is critical for efficient recording and retrieval of a student's data.

	Nested Dictionary
	The value for each student is another dictionary where the key is the Date and the value is the Attendance Status.
	Allows for flexible, sparse storage. Only records for dates where attendance was taken are stored, optimizing memory and retrieval.

	SESSION_DATE
	A string variable storing the date of the session.
	String format (YYYY-MM-DD) ensures consistent sorting and simplifies data manipulation within the dictionary keys.




Programming Constructs Justification
· User-Defined Functions (UDFs): Essential for abstraction and modularity, breaking the system down into reusable, testable components (e.g., record_attendance, save_data).
· Control Structures (if/elif/else): Used primarily for the Main Menu logic (directing flow) and for the fundamental Input Validation checks (e.g., ensuring a student ID exists or a status is 'P', 'A', or 'L').
· Loops (while and for): while loops enforce the validation requirement (e.g., repeating a prompt until valid input is received) and run the main program indefinitely. for loops are used for data iteration (e.g., displaying all student records).
· Error Handling (try/except): Used around critical operations like file loading/saving (LoadData, SaveData) to prevent the program from crashing if the data file is missing or corrupted, ensuring graceful recovery.
Python Modules and Libraries
	Module/Library
	Justification

	os
	Used to check for the existence of the data file (os.path.exists) before attempting to load it, which is vital for initial system runs.

	datetime
	Used for validation (is_valid_date function) to ensure that date inputs adhere to the required YYYY-MM-DD format.

	csv
	Used for data persistence (save_data, load_data). It provides a robust, standardized way to handle structured, delimited data, ensuring data integrity across sessions.




c. Source Code
DIANA NOW THOMMY 1.py 
[bookmark: _Hlk216286242]import os
from datetime import datetime
import csv

# --- File and Data Management Functions ---

def load_data(filename="attendance_data.csv"):
    """Loads student and attendance data from a CSV file."""
    students = {} # { 'ID': {'Name': 'Name', '2025-01-01': 'P', ...} }
    
    if not os.path.exists(filename):
        print("INFO: Data file not found. Starting with a fresh roster.")
        # Pre-populate with example students for initial testing
        return {
            "S001": {"Name": "Alice Smith"},
            "S002": {"Name": "Bob Johnson"},
            "S003": {"Name": "Charlie Brown"}
        }

    try:
        with open(filename, mode='r', newline='') as file:
            reader = csv.reader(file)
            header = next(reader) # Read the header row
            dates = header[2:]

            for row in reader:
                student_id = row[0]
                name = row[1]
                students[student_id] = {"Name": name}
                
                # Load attendance for all available dates
                for i, date_str in enumerate(dates):
                    # Check if status exists in the row and assign it
                    if i + 2 < len(row) and row[i + 2]:
                        students[student_id][date_str] = row[i + 2]
        
        print(f"SUCCESS: Loaded {len(students)} student records.")
        return students

    except Exception as e:
        # Error handling for file reading issues
        print(f"ERROR: Could not load data. Starting fresh. Details: {e}")
        return {} 

def save_data(students, filename="attendance_data.csv"):
    """Saves student and attendance data to a CSV file (FR4.0)."""
    if not students:
        print("WARNING: No data to save.")
        return

    # 1. Gather all unique dates recorded
    all_dates = set()
    for student_data in students.values():
        for key in student_data.keys():
            # Check if the key is a date (using helper function is_valid_date)
            if is_valid_date(key):
                all_dates.add(key)
    
    sorted_dates = sorted(list(all_dates))

    # 2. Prepare header and rows
    header = ['Student ID', 'Name'] + sorted_dates
    data_rows = []

    for student_id, data in students.items():
        row = [student_id, data.get('Name', 'N/A')]
        # Fill attendance status for each sorted date
        for date_str in sorted_dates:
            status = data.get(date_str, '') # Default to empty string if no attendance recorded
            row.append(status)
        data_rows.append(row)

    # 3. Write to CSV with error handling (try/except)
    try:
        with open(filename, mode='w', newline='') as file:
            writer = csv.writer(file)
            writer.writerow(header)
            writer.writerows(data_rows)
        print(f"SUCCESS: Data saved to {filename}.")
    except Exception as e:
        print(f"CRITICAL ERROR: Failed to save data. Details: {e}")

# --- Core Utility Functions ---

def is_valid_date(date_str):
    """Validation: Checks if a string is a valid date in YYYY-MM-DD format (FR6.0)."""
    try:
        datetime.strptime(date_str, '%Y-%m-%d')
        return True
    except ValueError:
        return False

# --- Core Functionality Functions ---

def record_attendance(students):
    """FR1.0: Allows the user to mark attendance for a session/date."""
    print("\n--- RECORD ATTENDANCE ---")
    
    # Input Validation Loop for Date
    session_date = input("Enter Date (YYYY-MM-DD, e.g., 2025-12-10): ")
    while not is_valid_date(session_date):
        print("ERROR: Invalid date format. Please use YYYY-MM-DD.")
        session_date = input("Enter Date (YYYY-MM-DD): ")

    # Main Student Loop
    while True:
        student_id = input("\nEnter Student ID (or 'exit' to return to menu): ").upper()
        if student_id == 'EXIT':
            break

        # Input Validation: Student ID Check (FR6.0)
        if student_id not in students:
            print("ERROR: Student ID not found in the roster.")
            continue

        student_name = students[student_id]['Name']
        print(f"Student: {student_id} - {student_name}")
        
        # Input Validation Loop for Status
        while True:
            status = input("Enter Status (P: Present, A: Absent, L: Late): ").upper()
            
            # Input Validation: Status Check (FR6.0)
            if status in ('P', 'A', 'L'):
                # Implementation: Update the nested dictionary
                students[student_id][session_date] = status
                print(f"SUCCESS: Attendance for {student_id} recorded as {status}.")
                break
            else:
                print("ERROR: Invalid status. Please use P, A, or L.")

def view_attendance(students):
    """FR2.0: Displays the attendance records for all students."""
    print("\n--- VIEW ATTENDANCE RECORDS ---")
    if not students:
        print("INFO: The student roster is currently empty.")
        return

    # Find all unique dates recorded
    all_dates = set()
    for student_data in students.values():
        for key in student_data.keys():
            if is_valid_date(key):
                all_dates.add(key)

    sorted_dates = sorted(list(all_dates))
    
    # Prepare header
    header = ["ID", "Name"] + sorted_dates
    # Dynamic header formatting for readability
    print("-" * (len(header) * 12))
    print(f"{header[0]:<5}{header[1]:<20}{''.join(f'{d:<12}' for d in header[2:])}")
    print("-" * (len(header) * 12))

    # Display data
    for student_id, data in students.items():
        output = [student_id, data['Name']]
        # Retrieve status for each date
        for date_str in sorted_dates:
            status = data.get(date_str, '---') # '---' for unrecorded attendance
            output.append(status)
        
        # Print the row
        print(f"{output[0]:<5}{output[1]:<20}{''.join(f'{s:<12}' for s in output[2:])}")

def manage_students(students):
    """FR3.0: Provides options to add or remove students."""
    print("\n--- MANAGE STUDENTS ---")
    print("1. Add New Student")
    print("2. Remove Student")
    choice = input("Enter choice (1/2): ")
    
    if choice == '1':
        # Input Validation Loop for Unique ID
        while True:
            new_id = input("Enter New Student ID (e.g., S004): ").upper()
            if new_id in students:
                print("ERROR: This Student ID already exists.")
            elif not new_id:
                print("ERROR: Student ID cannot be empty.")
            else:
                break
        
        new_name = input(f"Enter Name for {new_id}: ")
        students[new_id] = {"Name": new_name}
        print(f"SUCCESS: Student {new_id} ({new_name}) added to the roster.")
    
    elif choice == '2':
        remove_id = input("Enter Student ID to REMOVE: ").upper()
        # Input Validation: Check if student exists before removal
        if remove_id in students:
            confirm = input(f"Are you sure you want to remove {remove_id}? (YES/NO): ").upper()
            if confirm == 'YES':
                del students[remove_id]
                print(f"SUCCESS: Student {remove_id} removed.")
            else:
                print("Removal cancelled.")
        else:
            print("ERROR: Student ID not found.")
    else:
        print("ERROR: Invalid choice.")

# --- Main Program Execution ---

def run_attendance_system():
    """Main function to run the application (FR5.0: User Interface)."""
    # Load existing data on startup (FR4.0)
    students_data = load_data() 

    while True:
        # Display Menu
        print("\n==================================")
        print("   USER-FRIENDLY ATTENDANCE SYSTEM")
        print("==================================")
        print("1. Record Attendance")
        print("2. View Attendance Records")
        print("3. Manage Student Roster")
        print("4. Exit and Save Data")
        print("----------------------------------")
        
        # Get user input for menu choice (FR6.0: Input Validation)
        choice = input("Enter your choice (1-4): ")
        
        if choice == '1':
            record_attendance(students_data)
        elif choice == '2':
            view_attendance(students_data)
        elif choice == '3':
            manage_students(students_data)
        elif choice == '4':
            # Save data before exiting (FR4.0)
            save_data(students_data)
            print("System shutting down. Goodbye!")
            break
        else:
            print("ERROR: Invalid choice. Please enter a number between 1 and 4.")

if __name__ == "__main__":
    run_attendance_system()


3. Testing and Debugging Report
a) The Importance of Programme Testing
Programme testing is a critical phase in the Software Development Life Cycle (SDLC) that ensures the software solution functions correctly, reliably, and securely according to the defined requirements. Its primary importance lies in several key areas:
1. Quality Assurance: Testing validates that the final product meets the specified functional and non-functional requirements (e.g., performance, usability). For the Attendance System, this means ensuring that attendance is recorded accurately and the data is saved reliably.
2. Error Prevention and Detection: The core goal of testing is to identify and fix defects (bugs) early in the development process. The earlier an error is found, the cheaper it is to fix. A comprehensive test report, like this one, confirms that the system handles not only correct inputs but also unexpected or malicious inputs (edge cases).
3. Risk Mitigation: Testing reduces the risk of operational failure in a live environment. In an attendance system, a failure could lead to incorrect paychecks, incorrect disciplinary action, or compliance issues. Robust testing mitigates these business risks.
4. User Confidence: A thoroughly tested system provides a reliable user experience, leading to higher trust and acceptance among administrators and instructors who depend on the data.
b) Types of Errors in Programming and How to Fix Them
Programming errors generally fall into three categories:
1. Syntax Errors
· Definition: These are errors in the structure of the code, meaning the code violates the grammatical rules of the programming language (Python). They are usually detected by the interpreter before the code is executed.
· Example: Forgetting a colon after an if statement (if choice == '1' instead of if choice == '1':), misspelling a keyword (priint instead of print), or failing to match parentheses/quotes.
· How to Fix: The Python interpreter will point directly to the line number where the error occurred, often with a specific description (e.g., SyntaxError: invalid syntax). Fixing involves carefully checking the indicated line for spelling, punctuation, and structural compliance with Python rules.


2. Run-time Errors (Exceptions)
· Definition: These errors occur while the program is running, usually when the program attempts an operation that is impossible or illegal in the current context. The program execution halts (crashes) when this error occurs.
· Example: Attempting to divide by zero (ZeroDivisionError), trying to access a dictionary key that doesn't exist (KeyError), or attempting to open a file that cannot be found (FileNotFoundError).
· How to Fix: Run-time errors are fixed using Error Handling constructs, specifically try...except blocks. The dangerous code is placed in the try block, and the except block contains instructions on how the program should gracefully recover or report the issue without crashing (e.g., in your code, handling a missing attendance_data.csv file).
3. Logical Errors
· Definition: These are the most difficult errors to find. The code executes successfully and does not crash, but it produces an incorrect or unexpected result because the underlying algorithm or logic is flawed.
· Example: Calculating attendance percentage incorrectly (e.g., multiplying by 10 instead of 100), or in your system, saving 'Absent' when the user clearly entered 'Present'. Another example is an infinite loop that runs when it shouldn't.
· How to Fix: Logical errors require systematic debugging. This involves:
· Tracing: Stepping through the code line by line (mentally or using a debugger).
· Print Statements: Inserting print statements to inspect the values of variables at various stages of execution (e.g., printing the STATUS variable just before it is saved).
· Test Cases: Using highly specific test cases (like the ones below) with known inputs and expected outputs to isolate where the output deviates from the expectation.
c) Test Cases and Validation Verification
The implemented system uses robust Input Validation (FR6.0) to prevent incorrect data entry. The following test cases verify that the application works under all circumstances, including correct (positive) and incorrect (negative/edge) inputs.
The core validation points tested are:
1. Menu Choice: Only accepts 1, 2, 3, or 4.
2. Date Format: Only accepts YYYY-MM-DD.
3. Student ID Existence: Only accepts IDs present in the roster.
4. Attendance Status: Only accepts 'P', 'A', or 'L' (case-insensitive).
Test Case Table
	Test ID
	Function/Feature Tested
	Input Data / Steps
	Expected Result
	Pass/Fail
	Commentary (Verification of Validation)

	TC-M-01
	Main Menu (Positive)
	Enter 1 at the main menu.
	System moves to the Record Attendance screen.
	Pass
	The control structure correctly directs flow.

	TC-M-02
	Main Menu (Negative/Edge)
	Enter 5 (invalid), then enter Exit (text), then enter 4.
	System displays "ERROR: Invalid choice." for the first two inputs, then successfully saves and shuts down on 4.
	Pass
	Verifies the main menu loop correctly handles non-numeric and out-of-range inputs.

	TC-D-01
	Date Format (Positive)
	In Record Attendance, enter 2025-12-15.
	Date is accepted, and the system prompts for Student ID.
	Pass
	Verifies the is_valid_date() function correctly accepts the required format.

	TC-D-02
	Date Format (Negative)
	In Record Attendance, enter 15/12/2025, then enter 20251215, then enter 2025-12-15.
	System rejects the first two inputs with "ERROR: Invalid date format," but accepts the third.
	Pass
	Verifies the input loop enforces strict YYYY-MM-DD compliance and continues prompting until valid.

	TC-S-01
	Student ID (Positive)
	In Record Attendance, enter S001.
	System displays student name and prompts for attendance status.
	Pass
	Verifies successful dictionary key look-up.

	TC-S-02
	Student ID (Negative)
	In Record Attendance, enter S999 (non-existent ID).
	System displays "ERROR: Student ID not found in the roster," and prompts for the ID again.
	Pass
	Verifies the crucial validation step that prevents attendance being recorded against a non-existent student.

	TC-S-03
	Student ID (Edge/Case)
	In Record Attendance, enter s002 (lowercase).
	System displays student name and prompts for attendance status.
	Pass
	Verifies the .upper() conversion used on the input ensures case-insensitivity, improving user-friendliness.

	TC-A-01
	Attendance Status (Positive)
	Enter P, a, and L.
	All are accepted, attendance is recorded, and the system prompts for the next Student ID.
	Pass
	Verifies that the status validation correctly accepts all three valid options, regardless of case.

	TC-A-02
	Attendance Status (Negative)
	Enter Present (text), then enter Z (invalid code).
	System displays "ERROR: Invalid status. Please use P, A, or L." after each input, and prompts again.
	Pass
	Verifies the status loop strictly enforces the allowed set of characters (P, A, L).

	TC-P-01
	Data Persistence
	1. Record an attendance for S001. 2. Choose option 4 (Exit and Save). 3. Restart the program. 4. Choose option 2 (View Records).
	The newly recorded attendance for S001 must appear in the view report after restart.
	Pass
	Verifies the save_data and load_data functions work in tandem to ensure FR4.0 (Data Persistence) is met.






4. Evaluation
Reflective Summary of Project Experience and Outcomes
The development of the User-Friendly Attendance System, following the steps of the SDLC, was successful in delivering a core console-based application that meets all the specified functional requirements (FR1.0 - FR6.0). The system provides a simple, menu-driven interface for recording, viewing, and managing student data, with a strong focus on input validation to ensure data quality.
Challenges Faced
The project presented three primary challenges that required careful problem-solving:
1. Data Structure Complexity for Persistence:
· Challenge: The initial design used a nested Python dictionary for maximum efficiency during run-time lookups (Student ID -> Date -> Status). However, converting this non-uniform nested structure into a standard, flat CSV file for persistence (save_data and load_data) was complex. The number of dates recorded varied daily, making a fixed-column CSV difficult to manage.
· Solution: The solution implemented involved dynamically generating the CSV header by collecting all unique dates recorded across all students. This ensured that the saved CSV file was complete, containing every piece of recorded attendance, and could be loaded back into the dictionary structure accurately, thus preserving data integrity (FR4.0).
2. Robust Input Validation (Edge Cases):
· Challenge: While checking for valid Student IDs and Statuses was straightforward, validating the date input proved tricky. The initial check for length or hyphens was insufficient.
· Solution: The use of the datetime module and a try...except block (in the is_valid_date function) provided a powerful solution. This forced the system to strictly verify not only the format (YYYY-MM-DD) but also the validity (e.g., rejecting an input like '2025-02-30'). This was a key step in fulfilling the validation requirement (FR6.0).
3. Code Readability and Maintainability:
· Challenge: As the code grew, particularly the record_attendance function with its nested loops for validation, it risked becoming dense and difficult to maintain.
· Solution: The strategic use of User-Defined Functions (UDFs) (like load_data, save_data, and is_valid_date) allowed for modularity. This abstraction made the main program flow clearer and allowed each function to be tested and debugged in isolation, significantly enhancing code organization.
Future Improvements
To expand the utility and professional quality of the Attendance System, the following key improvements are proposed:
1. Report Generation and Analytics (ER1.0):
· Implement functions to calculate and display summary statistics, such as:
· Total number of sessions missed by each student.
· List of students with attendance below a specific threshold (e.g., 80%).
· Attendance percentage for the entire group.
2. Database Integration (ER4.0):
· Replace the CSV file persistence with a lightweight relational database like SQLite. This would eliminate the need for complex file parsing and provide more robust data integrity, especially for concurrent access or large datasets.
3. Graphical User Interface (GUI) (ER3.0):
· Transition the application from a console-based interface to a desktop GUI using a Python library such as Tkinter or PyQt. This would greatly improve user experience (FR5.0) by offering clickable buttons, input fields, and easily sortable data tables.
4. Security and User Roles (ER2.0):
· Implement a simple login system with different access levels (e.g., Admin can manage students, Instructor can only record attendance) to enhance system security.
Self-Reflections
The project served as a valuable exercise in applying the core principles of the Software Development Life Cycle.
· Learnings: I gained practical experience in problem decomposition, which was essential for breaking the complex attendance management task into the distinct, manageable functions used in the pseudo-code. I significantly deepened my understanding of how Python's built-in data structures (dictionaries) are optimally suited for fast data retrieval based on unique identifiers. The process of creating specific test cases and writing the accompanying commentary reinforced the importance of defensive programming, particularly the necessity of anticipating incorrect user input through thorough validation.
· Growth as a Developer: I initially approached the design with a focus on implementation speed. However, I learned to prioritize modularity and maintainability by relying heavily on User-Defined Functions. This approach not only simplified the debugging process but also made the code highly reusable, which is a hallmark of good software development practice. This project demonstrated that thoughtful analysis and design, rather than just coding, are the most crucial steps in building reliable software.
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