Python Programming Curriculum (Ages 12-16, ~36 Hours)

Welcome to your Python learning adventure! This course is hands-on and project-driven,
with fun STEM-themed examples (sports data, games, environmental monitoring, etc.) to
keep you engaged. Each stage builds on the last, with clear objectives, practice exercises,
mini-challenges, and projects. We emphasize good habits and problem-solving skills:
you’ll learn to plan your code with pseudocode/flowcharts, write clear, commented
programs, and debug errors effectively. Regular reviews and quick quizzes reinforce what
you learn before moving on. By the end, you’ll be able to build creative Python projects and
apply your skills to new challenges.

Stage 1: Getting Started with Python (4-5 Hours)

Objective: Set up Python on your computer, learn to use a beginner-friendly IDE (Thonny or
IDLE), and write your first programs. Practice planning solutions before coding (with simple
pseudocode/flowcharts) and learn basic debugging skills.

In this stage you will create your first Python scripts and get comfortable with the
environment. We introduce algorithmic thinking early: before writing code, you’ll outline
your solution in plain steps. (An algorithm is really just a clear, step-by-step plan for solving
a problem[1].) You’ll also immediately learn to read error messages and use tools to fix
bugs. Debugging — finding and fixing code errors —is essential in programming[2]. You’ll
practice debugging with “error hunt” puzzles and by inserting print statements (a
technique known as print-debugging) to see what your program is doing[3]. These habits
set you up for success all year.

Topics Covered:

- Installing Python and opening Thonny/IDLE (writing, saving, and running a script).
- Using the Python REPL (interactive shell) to try code.

- Comments (#), variable naming, and best practices for clear code.

- Basic data types: integers, floats, strings, booleans.

-Using print() and input() for output and input.

- Arithmetic operations and simple expressions.

- Simple string operations (concatenation, formatting).

- Writing very simple pseudocode or flowchart steps for tasks.

- Intro to Turtle graphics: drawing lines and shapes with the turtle module.
- Reading error messages; basic debugging strategies.

Exercises & Challenges:

- Write step-by-step pseudocode for a daily task (e.g. making a sandwich).

- Predict the output of short code snippets before running them.

- Fix syntax errors (like missing quotes or parentheses) in sample programs.
- Use print statements to trace variable values (print-debugging).

- Turtle challenge: draw a triangle or square with simple commands.


https://www.scribbr.com/ai-tools/what-is-an-algorithm/#:~:text=or%20code,algorithm%20and%20perform%20a%20task
https://www.ibm.com/think/topics/debugging#:~:text=Debugging%20is%20the%20process%20of,the%20overall%20performance%20of%20software
https://www.ibm.com/think/topics/debugging#:~:text=Print%20and%20log%20debugging

Mini-Projects:

- Greeting Program: Ask for the user’s name and print a personalized greeting.

- Basic Calculator: Read two numbers and print their sum (extend to other operations).
- Turtle Art: Draw shapes (square, triangle) by moving the turtle.

- Text Formatter: Input a sentence and printitin all uppercase or reversed.

Learning Outcomes:

- Set up and use a Python IDE, run scripts, and work in the interactive shell.
- Use variables, comments, and basic data types correctly.

- Plan solutions using pseudocode/flowcharts.

- Debug simple programs: interpret error messages and fix bugs.

- Build short programs (greeting, calculator, turtle art) from start to finish.

Stage 2: Data and Decisions (3-4 Hours)

Objective: Work with different types of data (numbers, text) and make decisions in your
code. Learn conditional logic (if statements) and more built-in functions.

In Stage 2 you will manipulate Python data and control the flow of programs with
conditions. You’ll learn to use operators (arithmetic, comparison, logical) and string
methods, and write programs that make choices (e.g. if/elif/else). Short practice
exercises and “error hunts” are included after each topic to reinforce learning.

Topics Covered:

- Numeric data: performing arithmetic, using int()/float() to convert types.

- String data: indexing, slicing, and common string methods (.upper(), .split(), etc.).
- Built-in functions: 1en(), max(), min(), abs(), round(), etc.

- Comparison and logical operators (>, <, ==, !=, and, or, not).

- Conditional statements: writing if, elif, and else branches.

- Combining conditions and testing Boolean logic.

Exercises & Challenges:

- Write conditions in plain language (pseudocode) before coding them.

- Debug: Find errors in short if/else code snippets.

- Predict outcomes of conditional programs (e.g. what prints for a given age in a “ticket
price” program).

- “FizzBuzz” puzzle: practice using modulo and if statements (print “Fizz” for multiples of
3, “Buzz” for 5, etc.).

Mini-Projects:

- Simple Quiz: Ask a math question and respond differently for correct/incorrect answers.
- Age Checker: Input a person’s age and print a message (child/teen/adult).

- Text Analyzer: Input a sentence and output the word count or longest word.

- BMI Calculator: Read weight and height, compute Body Mass Index, and classify.



Learning Outcomes:

- Correctly use numeric and string operations in Python.

- Apply if/elif/else logic to make decisions in programs.

- Write and call common built-in functions.

- Test code with different inputs and debug logical errors.

- Create programs that respond to user input with conditional output.

Stage 3: Repetition with Loops (3 Hours)

Objective: Use loops to repeat actions efficiently. Combine loops with data structures to
process multiple values.

Stage 3 builds on decision-making by introducing loops. You’ll learn for and while loops to
repeat tasks, including looping through lists. Mini-challenges help you practice loop logic
and avoid common errors (like infinite loops or off-by-one mistakes).

Topics Covered:

- For loops: iterate over ranges and lists (for item in ..:).

- While loops: repeating until a condition is met.

- Nested loops (loops inside loops) for patterns.

- Breaking out of loops with break and continue.

- Using loops with Turtle to draw repetitive patterns.

- Very simple introduction to lists (one-dimensional arrays) and iterating over them.

Exercises & Challenges:

- Trace a loop by hand: determine how many times it runs and what it prints.
- Debug loop code: fix off-by-one errors or missing loop conditions.

- Loop output puzzle: predict the result of a loop that processes a list.

- Turtle loop: use a loop to draw a repeating pattern (e.g. a spiral of squares).

Mini-Projects:

- Number Guessing Game: Use awhile loop to let the user guess a secret number.
- Sum Calculator: Loop through a list of numbers and compute their total.

- Multiplication Table: Print a table of products using nested loops.

- Pattern Art: Use Turtle loops to draw a colorful pattern (e.g. a flower or starburst).

Learning Outcomes:

- Write for and while loops to perform repeated actions.

- Loop over lists and ranges to process multiple items.

- Avoid common loop errors and use break/continue.

- Create graphics or computations that use loops for repetition.

Stage 4: Functions & Good Practices (4 Hours)

Objective: Learn to write reusable code blocks with functions. Emphasize clear code:
meaningful names, comments, and basic testing.



In Stage 4 you’ll learn functions to organize code into smaller pieces. Every function you
write should have a clear purpose and a name. We also cover good coding habits: writing
comments or docstrings, choosing descriptive variable names, and testing functions with
simple examples. Each topic includes short quizzes and error checks.

Topics Covered:

- Defining functions using def, with parameters and return values.

- Function scope: understanding local vs. global variables.

- Calling functions and passing arguments.

- Good habits: writing comments and docstrings to explain what code does.
- Naming conventions (e.g. lower_snake_case for variables/functions).

- Simple testing: calling your function with sample inputs to verify it works.

- Using Python’s assert or simple print-tests for validation.

Exercises & Challenges:

- Write pseudocode that includes function definitions before coding.

- “Function detective”: find errors in given function code (wrong return or misuse of scope).
- Refactoring task: take a piece of code and break it into at least two functions.

- Create descriptive names: given a problem, come up with good function and variable
names.

Mini-Projects:

- Mini Calculator Program: Refactor your Stage 2 calculator into separate functions (e.g.,
add(), subtract()).

- Number Analyzer: Write a function that takes a number and returns “Prime” or “Not
prime.”

- Word Game: Function to count letters or vowels in a string, used by a main game loop.

Learning Outcomes:

- Define and call functions to structure code logically.

- Use clear naming and comments to document code.

- Test functions on sample inputs and handle edge cases.

- Understand and avoid common pitfalls (like forgetting to return a value).

Stage 5: Data Structures & File I1/0 (5 Hours)

Objective: Work with complex data collections (lists, dictionaries, etc.) and learn to
read/write data files.

Stage 5 focuses on storing and organizing larger amounts of data. You’ll use lists, tuples,
dictionaries, and sets to collect information. We also introduce reading from and writing
to simple files (text or CSV) to handle real data. Quick quizzes and practice problems
follow each data type.

Topics Covered:
- Lists & Tuples: storing ordered items, indexing/slicing, list methods (append, remove,



sort).

- Dictionaries: key-value mapping, adding and looking up entries (useful for lookups like
phone book or word counts).

- Sets: uniqueness of elements, set operations (optional extension).

- Iterating over collections with loops and comprehensions (list/dict comprehensions).

- File I/0: opening/closing files, reading lines, writing output. (For example, reading a CSV
of data with csv or basic split().)

- Error handling basics in I/0 (try/except around file operations).

Exercises & Challenges:

- Practice tracing code that manipulates lists or dicts (e.g. find the largest number in a list).
- Debug tasks involving lists/dicts (e.g. fix index errors, handle missing keys).

- Comprehension puzzles: write a list comprehension to transform data.

- File quiz: predict what code will write given certain data, or vice versa.

Mini-Projects:

- Contact Manager: Store contacts (name/phone) in a dictionary. Let the user look up or
add entries (and save to afile).

- Text Analyzer: Read a text file and count word frequencies using a dictionary, then
display the top words.

- Sports Stats: Read a CSV of game scores (team name, points) and calculate averages
(using lists/dicts).

- Shopping List App: Use a list to track items; allow adding/removing and then save the list
to afile.

Learning Outcomes:

- Use lists, dicts, sets, and tuples to organize data effectively.

- Read from and write to files to handle input/output.

- Iterate through collections with loops or comprehensions.

- Develop programs that handle larger data sets (e.g. contact list, CSV data).

Stage 6: Object-Oriented Programming (3—4 Hours)
Objective: Introduce classes and objects to model real-world concepts.

Stage 6 brings the concept of objects and classes. You’ll learn to define a new data type
(class) with its own attributes (data) and methods (actions). OOP helps manage complex
programs by bundling data and behavior. We give everyday examples (like a
“BankAccount” or “Pet” class) and compare with simpler procedural code.

Topics Covered:

- Defining a class with class ClassName: and writingan __init__ constructor.

- Creating objects (instances) of a class and accessing their attributes/methods.

- Encapsulation and the idea of data hiding (private vs. public attributes, if touching on
_name conventions).



- Inheritance (basic idea of subclassing) and method overriding (introduce if time).
- Magic methods for special behavior (like __str__, optional extension).

Exercises & Challenges:

- Class design quiz: match real-world entities to attributes/methods.

- Debug class code: fix errors like forgetting self. orincorrect method calls.

- Extend a class: given a simple class, add a new method (e.g., a withdraw method for a
bank account).

Mini-Projects:

- Virtual Pet: Create a Pet class with attributes (name, hunger) and methods (feed, play).
Make a simple game loop where you interact with the pet.

- Bank Account Simulator: A BankAccount class with methods deposit(amount),
withdraw(amount), and an attribute for balance. Simulate a few transactions.

- Robot or Vehicle Class: Define a Robot class with position/heading attributes and
move ()/turn() methods (tie in Turtle if desired).

Learning Outcomes:

- Create and use classes/objects to structure programs.

- Define constructors and methods in a class.

- Understand how data and behavior are grouped in OOP.

- Simulate a simple real-world system with objects (pet, account, robot, etc.).

Stage 7: Data Analysis & Visualization (4-5 Hours)
Objective: Analyze real data using Python libraries and create visualizations.

Stage 7 applies Python to data. You’ll use libraries like Pandas and Matplotlib to load
datasets and make charts. We use relatable examples (student grades, weather, sports
stats) so you see Python’s power. Short practice tasks reinforce how to manipulate data
frames and plot results.

Topics Covered:

- Introduction to data science libraries: importing Pandas and Matplotlib.

- Pandas DataFrames: reading CSV files, inspecting data (.head(), .describe()).
- Filtering and selecting data (boolean indexing, grouping).

- Basic statistics: computing mean, median, mode, standard deviation.

- Matplotlib plotting: creating bar charts, line graphs, scatter plots, pie charts.

- Customizing plots (labels, titles, colors).

Exercises & Challenges:

- Dataframe quiz: predict outcome of filtering code on a sample table.

- Plot challenge: given a dataset, choose the best chart type and fix an example plot.
- Debug plotting code: fix missing plt. show() orincorrect labels.

Mini-Projects:
- Student Performance Dashboard: Given a CSV of student names and scores, compute



average scores and plot them.

- COVID-19 Tracker: Read a dataset of daily cases and create a line graph of case trends.
- Weather Data Visualizer: Plot temperature or pollution data over time (using sample
dataset).

- Sports Stats Analyzer: Load team/player stats and create charts (e.g. top scorers bar
chart).

Learning Outcomes:

- Load and clean data with Pandas.

- Perform simple statistical analysis on datasets.
- Create clear visualizations using Matplotlib.

- Draw insights by plotting science or social data.

Stage 8: Automation & loT Basics (3-4 Hours)

Objective: Use Python for simple automation tasks and interact with real-world data or
devices.

Stage 8 shows how Python connects to the real world. You’ll learn to fetch data from web
APls and automate tasks (like file management or sending an email). We also touch on loT
concepts (sensors, Raspberry Pi) with simulated data. Engaging projects link coding to
“smart” applications.

Topics Covered:

- Working with APls: using the requests library to get data (e.g. weather API) and parsing
JSON.

- Automating tasks with Python: using time, datetime, or os modules for scheduling and
file operations.

- Introduction to the Internet of Things (loT): what it means, examples (no coding hardware
required).

- Simulating sensor data (e.g. random temperature or motion values) and logging it.

- (Optional) Basics of creating a simple web page with Flask.

Exercises & Challenges:

- APl quiz: identify how to extract values from a JSON response.

- Debug automation script: fix code that writes/reads files on a schedule.

- “Sensor simulation”: write code that generates random data and logs it in afile.

Mini-Projects:

- loT Weather Station: Use an API (like OpenWeatherMap) to get the current temperature
and printit nicely. Schedule it to run every hour (simulation).

- Smart Home Simulator: Simulate sensor readings (temperature/light) and print warnings
(e.g. “Turn on AC”).

- Automation Script: Write a script to rename or organize files in a folder, or send an
automated email (conceptual example).



- Mini Web App: (If comfortable) Use Flask to make a simple web page that displays
sensor data (this is optional/advanced).

Learning Outcomes:

- Fetch and use data from online sources (APIs, JSON).

- Automate simple tasks using Python scripts and scheduling concepts.

- Understand how Python can control devices or handle loT data.

- Build small Python programs that interact with the internet and simulate real-world
Sensors.

Stage 9: Introduction to Al & Computer Vision (4-5 Hours)

Objective: Explore basic Al/ML concepts and use Python libraries for image processing or
machine learning.

Stage 9 introduces you to the world of Al. You’ll see how Python can recognize patterns -
for example, using OpenCV for simple image tasks or scikit-learn for a basic machine
learning model. We focus on concepts and using ready-made tools, not on math.
Interactive examples (like face detection or a mini chatbot) make it exciting.

Topics Covered:

- What is AI/ML? A gentle overview of concepts (classification, regression).

- Using scikit-learn: loading a toy dataset, training a simple model (e.g. classify iris
flowers).

- OpenCV basics: reading an image/video and performing operations (grayscale, edge
detection).

- Face or object detection demo using pre-trained models.

- (Optional) Introduction to a simple neural network concept with TensorFlow or Keras
(very basic).

Exercises & Challenges:

- Concept quiz: differentiate between Al, machine learning, and traditional coding.
- Debug animage processing script (e.g. fix a filter application).

- Mini-ML challenge: given a small dataset, predict output and compare to actual.

Mini-Projects:

- Face Detector: Use OpenCV to detect a face in an image or webcam feed and draw a box
around it.

- Gesture Control: (If available) Use a computer’s camera and a simple library (like
mediapipe) to recognize a hand gesture and print a message.

- Emotion Recognition: (Optional) Use a simple pre-trained model or API to recognize a
smile or emotion from a photo.

- Al Chatbot: (Optional) Make a very basic rule-based chatbot that responds to a few
keywords.



Learning Outcomes:

- Understand at a high level what Al and machine learning can do.
- Use a machine learning library to build a simple predictive model.
- Process images with OpenCV to detect features.

- Integrate an Al component into a Python project.

Stage 10: Capstone Projects & Integration (3—4 Hours)
Objective: Combine everything you’ve learned in one or more comprehensive projects.

In the final stage, you’ll consolidate your skills with larger, open-ended projects. You can
choose or design a project that interests you, applying Python, data, and possibly
hardware or Al. Teachers/mentors provide checkpoints to review your design and code.
This encourages creativity: students can customize a game, a data dashboard, or an loT
simulation.

Capstone Project Examples:

- Smart Campus Simulator: A program that uses classes, sensors (simulated), and data
charts to model a campus (with loT and Al features).

- Al-Powered Home: Integrate a simple rule-based Al (chatbot or voice commands) with
home automation simulation.

- Environmental Dashboard: Collect (or use given) environmental data (air quality,
temperature) and display insights with graphs.

- Custom Game or App: A Python game or interactive story combining graphics and logic
from earlier stages.

Review & Checkpoints:

- Periodic reviews to recap key concepts from each stage (brief quizzes or discussions).

- Code walkthroughs and debugging sessions with peers.

- Reflection prompts: “What was most challenging?” “How did you fix bugs?” to reinforce
learning.

Final Outcomes:

By the end of this curriculum, students will: - Master Python fundamentals (variables,
loops, data structures, functions) and best practices (commenting, testing, naming).

- Be comfortable using IDEs (Thonny/IDLE, Python shell) to write and debug code.

- Apply algorithmic thinking to break down problems (writing pseudocode/flowcharts
before coding).

- Integrate Python with STEM projects: creating games, analyzing data, controlling
simulated sensors, and experimenting with Al tools.

- Build confidence to tackle new challenges, having practiced debugging, mini-projects,
and collaborative reviews throughout the course.

Sources: We incorporated educational best practices on debugging and algorithms[2][1]
to structure this curriculum. These emphasize planning code (algorithms) and systematic
debugging, which we teach explicitly in early stages.


https://www.ibm.com/think/topics/debugging#:~:text=Debugging%20is%20the%20process%20of,the%20overall%20performance%20of%20software
https://www.scribbr.com/ai-tools/what-is-an-algorithm/#:~:text=or%20code,algorithm%20and%20perform%20a%20task

Grade-Level Learning Path for the Curriculum

Typical Recommended

Grade Age Stages

6th Grade 11-12yrs Stages 1-2

7th Grade 12-13yrs Stages 1-3

8th Grade 13-14yrs Stages 1-4

9th Grade 14-15yrs Stages 1-6

10th Grade 15-16 yrs Stages 1-8

11th-12th Full Curriculum

Grade 16-18yrs (Stages 1-10)

Key Focus Areas

Programming basics: IDE use, variables,
data types, print/input, conditionals

Add loops, string ops, algorithmic thinking,
debugging skills

Functions, modular thinking, clean code
practices, logic puzzles

Data structures, file I/0, OOP, simulations,
small apps

Real-world data projects, file handling,
automation, APls, loT simulation

Al/ML, computer vision, capstone projects,
integration of all concepts



