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Preface

Why This Book Exists
Most programming books teach you syntax. This one teaches you to think.

That distinction matters more now than it ever has. AI can generate code in seconds. If
your only skill is writing code, you are competing with something faster and cheaper.
But if you can decompose a problem, design a solution, and evaluate whether an
implementation is correct — you have the skill that makes AI useful rather than
dangerous.

This book grew out of years of teaching programming across multiple languages — C,
C++, C#, Python — and noticing that the students who struggled were rarely struggling
with syntax. They were struggling with the thinking that comes before syntax: breaking
a problem into parts, recognising patterns, understanding what a program is actually
doing. The concepts are the same regardless of the language. Python is simply the
vehicle we use to express them.

Who This Book Is For
You are a complete beginner. You have never written a program, or you have tried and
it did not stick. You may be a student in a programming course, a professional looking
to add a skill, or someone who is simply curious about how software works.

You do not need a mathematics background. You do not need prior experience with any
programming language. You need willingness to think carefully about problems before
reaching for solutions.

What This Book Is Not
This is not a Python reference manual. It does not cover every feature of the language.
It covers the concepts you need to think like a programmer, using Python to make those
concepts concrete.

It is not a prompt engineering guide. You will use AI as an exploration tool throughout,
but the book argues that understanding must come before code generation. If you are
looking for ways to get AI to write your programs for you, this is the wrong book.

It is not the only Python book you will ever need. It is the first one. It gives you
the mental models that make every subsequent book, course, or tutorial more effective.
When you are ready for focused fundamentals, move to Code Python, Consult AI. When
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you are ready for professional practices, move to Ship Python, Orchestrate AI. The series
is designed so each book builds on the one before.

And it is not a book that avoids AI or treats it as cheating. AI is your learning partner
here. The book teaches you to use it as an exploration tool — to ask questions, test
hypotheses, and discover patterns — not as a shortcut around understanding.

If You Are Feeling Uncertain
You are not behind. Programming is genuinely hard to learn, and the people who make it
look easy have simply been doing it longer. AI tools have added a new layer of confusion:
it looks like the machine can already do everything, so why bother learning? The answer
is that the machine cannot think about problems. You can. This book develops that
ability.

How This Book Is Structured
The book progresses from understanding basic computational concepts to architecting
systems:

Part I (Computational Thinking): Input/output, storage, decisions, patterns. You learn
to think about problems before you write a single line of code.

Part II (Building Systems): Functions, data structures, file handling, integration. You
learn to build programs from smaller, reusable pieces.

Part III (Real-World Programming): Data processing, APIs, interaction, architecture.
You learn to build programs that do useful things in the real world.

Each chapter follows a consistent pattern: concept first, then AI-guided exploration,
then code. You understand the idea before you see the syntax.

Conventions Used in This Book
Throughout the book, AI exploration prompts appear as grey monospace blocks — these
are things you type into your AI tool:

Show me 5 examples of input→process→output
in everyday life

Code examples appear with syntax highlighting:

name = input("What is your name? ")
print(f"Hello, {name}!")

You will also encounter coloured callout boxes. Each serves a different purpose.

LIGHTBULB Practical advice

Green boxes offer tips you can apply immediately — things to try, exploration
suggestions.
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INFO Key concept

Blue boxes highlight important ideas worth pausing on — mental models, patterns,
principles.

Exclamation-Triangle Watch out

Yellow boxes flag common mistakes or misconceptions that trip up beginners.

Exclamation Critical point

Red boxes mark things that are essential to understand before moving on.

How This Book Was Written
This book was written through human-AI collaboration, using the same approach it
teaches. The conceptual frameworks, pedagogical structure, and learning objectives
were designed by the author. Claude (Anthropic) assisted with drafting, refining, and
iterating. Every chapter was reviewed for accuracy and pedagogical effectiveness. The
process demonstrates the book’s core message: AI enhances human thinking when used
with intention and oversight.

Ways to Engage with This Book
This book is available in several formats. Pick whichever fits how you work and learn.

• Read it online. The full book is freely available at the companion website, with
dark mode, search, and navigation.

• Read it on paper or e-reader. Available as a paperback and ebook through
Amazon KDP.

• Converse with it. The online edition includes a chatbot grounded in the book’s
content.

• Feed it to your own AI. The llm.txt file provides a clean text version of the
entire book, ready to paste into ChatGPT, Claude, or any AI tool.

• Run the code. All project code is available as Python scripts and Jupyter
notebooks in the code/ folder on GitHub (https://github.com/michael-borck/think-
python-direct-ai). Each notebook includes an “Open in Colab” button — click it
to run the code directly in Google Colab with no installation required. Colab also
includes Google Gemini, so you can practice coding with AI right in the notebook.
DeepWiki (https://deepwiki.com/michael-borck/think-python-direct-ai) provides
an AI-navigable view of the repository.

• Browse all books. This book is part of a series. See all titles at books.borck.ed-
ucation (https://books.borck.education).

The online version is always the most current.
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Source Code & Feedback
All code examples and project files are available at: https://github.com/michael-
borck/think-python-direct-ai

Found an error? Have a suggestion?

• Open an issue: https://github.com/michael-borck/think-python-direct-ai/issues
• Email: michael@borck.me

The Series
This book is part of a series designed to help you master modern software development
in the AI era.
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Conversation, Not Delegation — the general methodology for working with AI
across any discipline.

Converse Python, Partner AI — intentional prompting methodology applied to
software development.

Think Python, Direct AI (this book) — computational thinking for absolute begin-
ners.

Code Python, Consult AI — focused Python fundamentals with AI integration.

Ship Python, Orchestrate AI — professional Python development practices and
tooling.

Build Web, Guide AI — web development with AI as your development partner.

All titles are available at books.borck.education (https://books.borck.education).
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Chapter 1

Understanding Your AI
Partner

1.1 A New Way to Learn Programming
Right now, AI can write Python code in seconds. It can create entire programs, fix bugs,
and explain complex concepts. So why learn programming at all?

Here’s the truth: AI is incredible at writing code, but it doesn’t understand
what you need. You’re the architect, the designer, the problem-solver. AI is your
highly skilled assistant who needs clear direction.

This book teaches you to be that architect.

1.2 The Partnership Experiment
Let’s discover how AI really works as a learning partner. This experiment will shape
how you learn throughout this book.

1.2.1 Round 1: The Vague Request
Open your AI assistant (ChatGPT, Claude, or whatever you’re using). Type this exactly:

Write a program

What did you get? The AI probably asked for clarification or made assumptions about
what you wanted. This is your first lesson: AI needs direction.

1.2.2 Round 2: The Simple Request
Now try:

Write a temperature converter

You likely got something like this:

11



12 Chapter 1. Understanding Your AI Partner

def celsius_to_fahrenheit(celsius):
return (celsius * 9/5) + 32

def fahrenheit_to_celsius(fahrenheit):
return (fahrenheit - 32) * 5/9

def kelvin_to_celsius(kelvin):
return kelvin - 273.15

def celsius_to_kelvin(celsius):
return celsius + 273.15

def main():
while True:

print("\nTemperature Converter")
print("1. Celsius to Fahrenheit")
print("2. Fahrenheit to Celsius")
print("3. Celsius to Kelvin")
print("4. Kelvin to Celsius")
print("5. Exit")

choice = input("Select an option (1-5): ")

if choice == '1':
celsius = float(input("Enter
temperature in Celsius: "))
fahrenheit =
celsius_to_fahrenheit(celsius)
print(f"{celsius}°C = {fahrenheit}°F")

elif choice == '2':
fahrenheit = float(input("Enter
temperature in Fahrenheit: "))
celsius =
fahrenheit_to_celsius(fahrenheit)
print(f"{fahrenheit}°F = {celsius}°C")

elif choice == '3':
celsius = float(input("Enter
temperature in Celsius: "))
kelvin = celsius_to_kelvin(celsius)
print(f"{celsius}°C = {kelvin}K")

elif choice == '4':
kelvin = float(input("Enter
temperature in Kelvin: "))
celsius = kelvin_to_celsius(kelvin)
print(f"{kelvin}K = {celsius}°C")

elif choice == '5':
print("Goodbye!")
break

else:
print("Invalid option. Please try
again.")
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if __name__ == "__main__":
main()

Look at all that code! Functions, loops, error handling, menus, multiple conversion types.
This is AI’s default: give you everything at once.

1.2.3 Round 3: The Learning Request
Now try this:

I'm learning basic programming concepts. Show me
the simplest possible temperature converter that
demonstrates input, process, and output.

You might get:

# Input
celsius = float(input("Enter temperature in
Celsius: "))

# Process
fahrenheit = (celsius * 9/5) + 32

# Output
print(f"{celsius}°C equals {fahrenheit}°F")

Much clearer! This demonstrates a key insight: AI responds to your learning needs
when you express them clearly.

1.2.4 Round 4: The Concept Request
Finally, try:

Explain the concept of input→process→output using
a temperature converter, without focusing on code
syntax

The AI should now explain the concept, maybe with a diagram or flowchart, before
showing any code.

1.3 What This Experiment Teaches Us
1. AI defaults to complexity - It assumes you want a “complete” solution
2. Your prompts shape your learning - Clear learning goals get clearer responses
3. Concepts before code - You can use AI to understand ideas before syntax
4. You’re in control - AI follows your lead, not the other way around

1.4 The Three Learning Strategies
Throughout this book, we’ll follow three core strategies:
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1.4.1 Strategy 1: Understand the Concept Before the Code
Every programming task follows patterns. Understand the pattern first, then learn how
Python expresses it.

Example: Don’t ask “How do I write a loop in Python?” Instead, ask “What is the
concept of repetition in programming?” Then, “Show me the simplest Python loop that
demonstrates repetition.”

1.4.2 Strategy 2: Use AI to Explore, Not to Avoid Learning
AI is your exploration tool. Use it to: - See different approaches - Understand why code
works - Trace through logic - Debug your understanding

Example: After seeing code, ask “Trace through this code line by line when the input
is 20” or “What would happen if I changed this line?”

1.4.3 Strategy 3: Build Mental Models, Not Just Working Pro-
grams

A working program isn’t the goal. Understanding how and why it works is. Use AI to
build these mental models.

Example: Ask “Draw a diagram showing how data flows through this program” or
“Explain this code using a real-world analogy.”

1.5 How AI Thinks vs How Programmers Think
1.5.1 AI Thinks in Patterns

• It has seen millions of temperature converters
• It pattern-matches to give you a “typical” solution
• It doesn’t understand your specific context
• It can’t know what you don’t know yet

1.5.2 Programmers Think in Problems
• What exactly needs to be solved?
• What’s the simplest solution?
• How can this be broken into steps?
• What could go wrong?
• How will this be used?

Your job is to bridge this gap: Think like a programmer, then guide AI to help you
implement.

1.5.3 A Concrete Example
AI Thinking: “Temperature converter? I’ll include Celsius, Fahrenheit, Kelvin, error
handling, a menu system, and functions!”

Programmer Thinking: “I need to convert one temperature to another. What’s the
minimum required? Input a number, apply a formula, show the result.”
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Your Bridge: “Show me a temperature converter that only does Celsius to Fahrenheit,
with no extra features.”

1.6 Your Progressive AI Journey
1.6.1 Part I: AI as Concept Explorer

Example prompts:
- "Explain the concept of variables using
real-world examples"
- "Show me 5 different ways data can be stored in
a program"
- "Trace through this simple code and explain each
step"

1.6.2 Part II: AI as Implementation Assistant

Example prompts:
- "I've designed a contact book with name and
phone. Show me the simplest implementation"
- "My code works but feels complex. How can I
simplify it?"
- "Explain why this error occurs and how to fix
it"

1.6.3 Part III: AI as Code Producer

Example prompts:
- "I need to read data from a CSV file, process
it, and create a summary. Here's my design..."
- "Implement this API connection according to my
specification..."
- "optimise this working code for better
performance"

1.7 The Honest Truth
By the end of this book: - AI will still write code faster than you � - But you’ll
know what code to ask for � - You’ll understand what it gives you � - You’ll
be able to fix it when it’s wrong � - You’ll be the architect, not the typist �

This is not a consolation prize. This is the actual job of a modern programmer.

1.8 Why Not Just Vibe Code?
There is a popular approach called “vibe coding” — prompting AI until something works,
without worrying too much about understanding the code. For quick experiments and
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throwaway scripts, it can be genuinely useful. If you just need a one-off script to rename
some files, vibe coding is fine.

But vibe coding has a ceiling, and you hit it fast.

When a vibe-coded program breaks, you cannot fix it — you can only paste the error
back into the AI and hope. When requirements change, you start over because you never
understood the original design. When the project grows beyond a single file, you have
no mental model of how the pieces connect, so every change risks breaking something
else. The AI gets stuck too — it suggests fixes that introduce new bugs, because it is
guessing at the architecture just like you are.

The exercises in this book look simple. A temperature converter. A greeting program.
A number game. You could vibe code all of them in minutes. But that is not the point.

The point is developing habits that scale. The student who learns to decompose a
temperature converter into input, process, and output will decompose a web application
into routes, handlers, and data layers. The student who learns to trace through a loop
by hand will find the off-by-one error that the AI cannot see. The student who learns to
write pseudocode before code will give the AI specifications precise enough to produce
correct implementations on the first try.

Exclamation The real skill

The exercises are simple so you can focus on the process, not the problem. Once
the process is second nature, you can apply it to problems that are too complex to
vibe code — and those are the problems that matter professionally.

One more thing: this book does not argue for avoiding AI until you are ready to write
code. AI is your thinking partner throughout. Use it to brainstorm what a program
should do. Use it to explore edge cases you had not considered. Use it to check your
understanding of a concept. Use it to trace through your logic before you write a single
line. The three learning strategies in this chapter — concept before code, explore not
avoid, build mental models — all involve AI. The difference between this approach and
vibe coding is not whether you use AI. It is whether you are thinking alongside it or just
accepting what it gives you.

1.9 Practice: Prompt Evolution Mastery
Let’s practice the core skill you’ll use throughout this book. Complete each evolution:

1.9.1 Evolution 1: Calculator
1. Start: “calculator”
2. Better: “simple calculator”
3. Better: “basic calculator that adds two numbers”
4. Best: “Show me the simplest Python code that takes two numbers and adds them,

demonstrating input, process, and output”

1.9.2 Evolution 2: Your Turn
Start with “game” and evolve it to get the simplest possible guessing game. Document
each step.
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1.9.3 Evolution 3: Concept First
Start with “loops” and evolve it to get an explanation of repetition before any code.

1.10 Exercises
Exercise 0.1: Concept Recognition

1.10.1 recognising AI’s Patterns
Ask three different AI assistants (or the same one three times) for a “greeting program”.

Document: 1. What they all included 2. What was unnecessarily complex 3. What the
simplest version could be

What to Look For

Most AIs will include: - Functions (unnecessary for simple greeting) - Error handling
(not needed yet) - Multiple options or features - Complex string formatting

The simplest version needs only: - Get a name (input) - Create greeting (process) -
Display it (output)

Exercise 0.2: Prompt Engineering

1.10.2 Building Better Prompts
Transform each vague prompt into a learning-focused prompt:

1. “Show me variables”
2. “Explain functions”
3. “Write a file handler”

Example Transformations

1. “Show me variables” → “I’m learning about storing data in programs. Explain the
concept of variables using a real-world analogy, then show the simplest Python
example”

2. “Explain functions” → “I understand basic input/output. Explain why we might
want to group code together, using real examples, before showing any syntax”

3. “Write a file handler” → “I know basic Python concepts. Show me the simplest
possible way to save text to a file and read it back”

Exercise 0.3: Simplification Practice

1.10.3 Making AI Code Learner-Friendly
Get AI to write a “number doubling program”. Then iterate with these prompts: 1.
“Make it simpler” 2. “Remove any advanced features” 3. “Make it suitable for someone
who just learned about input and output”

Document how the code changes with each iteration.

Exercise 0.4: Mental Model Building
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1.10.4 Understanding AI’s Thinking
Write a brief explanation (no code) of: 1. Why AI tends to make code complex 2. How
you can guide it to be simpler 3. What makes a good learning-focused prompt

Share this with a classmate or friend. Can they understand it?

Exercise 0.5: Design Your Learning

1.10.5 Architect Your AI Partnership
Design your personal AI learning strategy: 1. What kinds of prompts will you start
with? 2. How will you know when to make code simpler? 3. What questions will you
ask to deepen understanding? 4. How will you track your progress?

Create a “My AI Learning Plan” document.

1.11 Chapter Summary
• AI is your learning partner, not your replacement
• Clear prompts lead to clear learning
• Understanding concepts matters more than memorizing syntax
• You’re learning to be an architect who happens to use AI as a tool
• Prompt evolution is a core skill for modern programmers

1.12 Reflection
Before moving to Chapter 1, ensure you:

� Completed the Partnership Experiment
� Understand why AI overcomplicates by default
� Can evolve prompts from vague to learning-focused
� See yourself as an architect, not a code typist
� Have a plan for using AI as a learning partner

1.13 Your Learning Journal
Start your learning journal now. For this chapter, record:

1. Partnership Experiment Results: What surprised you about AI’s responses?
2. Prompt Evolution Practice: Which evolution was hardest? Why?
3. Mental Model: Draw or describe how you now think about AI as a learning

partner
4. Personal Goal: What kind of programmer do you want to become?

LIGHTBULB Journal Tip

Your journal is not for perfect answers. It’s for honest reflection. Write what you
really think, not what you think sounds good.
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1.14 Related Materials
This book is part of a comprehensive series for mastering modern software development
in the AI era:

Foundational Methodology

• Converse Python, Partner AI: The Python Edition (https://michael-
borck.github.io/converse-python-partner-ai)

Python Track

• Think Python, Direct AI: Computational Thinking for Beginners (https://michael-
borck.github.io/think-python-direct-ai) (this book) - Perfect for absolute beginners

• Code Python, Consult AI: Python Fundamentals for the AI Era (https://michael-
borck.github.io/code-python-consult-ai) - Core Python knowledge

• Ship Python, Orchestrate AI (https://michael-borck.github.io/ship-it-python-in-
production) - Professional Python in the AI Era

Web Track

• Build Web, Guide AI: Business Web Development with AI (https://michael-
borck.github.io/build-web-guide-ai) - HTML, CSS, JavaScript, WordPress, React

1.15 Next Steps
In Chapter 1, we’ll explore the fundamental pattern of all programs: Input → Process
→ Output. You’ll use your new prompt evolution skills to discover this pattern with
AI’s help, then build a clear mental model of how all programs work.

Remember: You’re not learning to code. You’re learning to think computationally and
direct AI to help you build solutions. Let’s begin!
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Part II

Computational Thinking
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Chapter 2

Input, Process, Output: The
Universal Pattern

2.1 The Concept First
Before we write any code, let’s understand the most fundamental pattern in all of
computing. Every program, from the simplest calculator to the most complex AI system,
follows this pattern:

Input → Process → Output

That’s it. That’s the secret. Everything else is just details.

2.2 Understanding Through Real Life

2.2.1 Your Daily I/P/O Experiences
You use this pattern hundreds of times every day without realizing it:

Making coffee: - Input: Water, coffee grounds - Process: Heat water, extract coffee -
Output: Your morning brew

Using your phone calculator: - Input: Two numbers and an operation (5, +, 3) -
Process: Perform the addition - Output: The result (8)

Texting a friend: - Input: Your thoughts - Process: Type them into words - Output:
Message sent

Every interaction follows this pattern. Once you see it, you can’t unsee it.

2.3 Discovering I/P/O with Your AI Partner
Let’s explore this concept with AI. This is where AI shines - helping us see patterns
everywhere.

23
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2.3.1 Exploration 1: Finding the Pattern
Ask your AI:

Show me 5 different examples of
input→process→output in everyday life

Look at what you get. Notice how every example follows the same three-step pattern?

2.3.2 Exploration 2: Programming Context
Now ask:

Show me the same input→process→output pattern in 5
simple programming tasks

You might see examples like: - Name input → Add greeting → Personalized message
- Number input → Double it → Show result - Two temperatures → Average them →
Display average

The pattern is universal!

2.3.3 Exploration 3: Different Perspectives
Try this prompt:

Explain input→process→output using a cooking
metaphor, then a factory metaphor

AI will show you how the same pattern appears in different contexts. This builds deeper
understanding.

2.4 From Concept to Code
Now let’s see how Python expresses this universal pattern.

2.4.1 The Simplest Expression
Ask your AI:

Show me the absolute simplest Python code that
demonstrates input→process→output with clear
comments labeling each part

You’ll likely get something like:

# INPUT: Get data from user
name = input("Enter your name: ")

# PROCESS: Transform the data
greeting = "Hello, " + name

# OUTPUT: Show the result
print(greeting)
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Three lines. Three steps. The universal pattern.

2.5 Mental Model Building
Let’s build several mental models to really understand this:

2.5.1 Model 1: The Machine

[INPUT]
↓

�����������
� PROCESS �
�����������

↓
[OUTPUT]

2.5.2 Model 2: The Kitchen

Ingredients → Recipe → Dish
INPUT PROCESS OUTPUT

2.5.3 Model 3: The Conversation

Listen → Think → Speak
INPUT PROCESS OUTPUT

Every program is just a variation of these models.

2.6 Prompt Evolution Exercise
Let’s practice the core skill of evolving prompts to get exactly what we need for learning.

2.6.1 Round 1: Too Vague

Show me input and output

AI might show you file I/O, network I/O, database operations - way too complex!

2.6.2 Round 2: More Specific

Show me user input and screen output in Python

Better! But might still include error handling and extra features.

2.6.3 Round 3: Learning-Focused
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I'm learning the concept of input→process→output.
Show me the simplest possible Python example with
no extra features.

Now you’re getting what you need!

2.6.4 Round 4: Concept Reinforcement

Using that simple example, trace through what
happens at each step when the user types "Alice"

This helps cement your understanding.

2.7 Common AI Complications
When you ask AI about input/output, it often gives you something like:

def get_validated_input(prompt,
validation_func=None):

"""Get input with optional validation"""
while True:

try:
user_input = input(prompt)
if validation_func:

if validation_func(user_input):
return user_input

else:
print("Invalid input. Please
try again.")

else:
return user_input

except KeyboardInterrupt:
print("\nOperation cancelled.")
return None

except Exception as e:
print(f"Error: {e}")

def process_data(data):
"""Process the input data"""
# Complex processing here
return data.upper() if data else ""

def display_output(result):
"""Display formatted output"""
print(f"Result: {result}")

# Main program
if __name__ == "__main__":

user_data = get_validated_input("Enter data:
")
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if user_data:
result = process_data(user_data)
display_output(result)

Functions! Error handling! Validation! Exception catching! This is AI showing off its
knowledge, not teaching you the concept.

2.8 The Learning Approach
Instead, we build understanding step by step:

2.8.1 Level 1: See the Pattern

# Greeting Generator - Pattern Clearly Visible
name = input("What's your name? ") # INPUT
message = "Hi " + name + "!" # PROCESS
print(message) # OUTPUT

2.8.2 Level 2: Understand Each Part
Let’s trace what happens: - input("What's your name? ") - Shows prompt, waits for
typing, captures text - "Hi " + name + "!" - Combines three text pieces into one -
print(message) - Displays the result on screen

INFO Expression Explorer: Text Joining

Notice the + operator in "Hi " + name + "!". In Python: - With numbers: +
adds them (5 + 3 = 8) - With text: + joins them (“Hi” + “Sam” = “Hi Sam”)
Try asking AI: “Why does + work differently for text and numbers?”

2.8.3 Level 3: Trace Different Inputs
If user types “Sam”: 1. name becomes “Sam” 2. message becomes “Hi Sam!” 3. Screen
shows: Hi Sam!

If user types “Alexandra”: 1. name becomes “Alexandra” 2. message becomes “Hi
Alexandra!” 3. Screen shows: Hi Alexandra!

2.8.4 Level 4: Variations on the Pattern
Same pattern, different process:

# Age Calculator
birth_year = input("What year were you born? ")
# INPUT
age = 2025 - int(birth_year)
# PROCESS
print("You are", age, "years old")
# OUTPUT
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INFO Expression Explorer: Math and Type Conversion

In the process step 2025 - int(birth_year): - int() converts text “1990” to
number 1990 - - subtracts: 2025 - 1990 = 35 - Math operators: + (add), -
(subtract), * (multiply), / (divide)
Ask AI: “Show me simple examples of each math operator in Python”

2.9 Exercises
Exercise 1.1: Concept Recognition

2.9.1 Identifying I/P/O in Programs
Look at these programs and identify the input, process, and output:

Program A:

color = input("favourite color: ")
shout = color.upper()
print("YOU LOVE", shout)

Program B:

number = input("Pick a number: ")
tripled = int(number) * 3
print("Triple that is", tripled)

Check Your Answers

Program A: - Input: User’s favourite color (as text) - Process: Convert to uppercase -
Output: Display “YOU LOVE” with uppercase color

Program B: - Input: A number (as text) - Process: Convert to integer, multiply by 3 -
Output: Display the tripled value

Exercise 1.2: Prompt Engineering

2.9.2 Evolving Your Prompts
Start with this prompt: “calculator program”

Evolve it through at least 4 iterations to get a simple addition calculator that clearly
shows input→process→output. Document: 1. Each prompt you tried 2. What AI gave
you 3. Why you refined it 4. Your final successful prompt

Example Evolution

1. “calculator program” → Got complex calculator with menu
2. “simple calculator” → Still had multiple operations
3. “addition calculator in Python” → Had functions and error handling
4. “Show me the simplest Python code that gets two numbers from user, adds them,

and shows result” → Success!

Exercise 1.3: Pattern Matching
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2.9.3 Finding I/P/O in Complex Code
Ask AI: “Show me a Python program that manages a todo list”

In the complex code it provides: 1. Find where input happens 2. Identify all processing
steps 3. Locate where output occurs 4. Sketch a simple I/P/O diagram

What to Look For

Even in complex programs: - Input: Usually input(), file reading, or GUI events -
Process: Everything between getting data and showing results - Output: print(), file
writing, or GUI updates

The pattern is always there, just with more steps!

Exercise 1.4: Build a Model

2.9.4 Creating Your Own Understanding
Create three different models (drawings, diagrams, or analogies) that explain input→pro-
cess→output. For example: 1. A visual diagram 2. A real-world analogy you haven’t
seen yet 3. A story that demonstrates the pattern

Share these with someone learning programming. Which helps them understand best?

Exercise 1.5: Architect First

2.9.5 Design Before Code
Design programs for these scenarios. Write your design in plain English first:

1. Temperature Converter: Celsius to Fahrenheit
2. Bill Calculator: Add tax to a price
3. Name Formatter: First and last name to “Last, First”

For each design: - Specify exact inputs needed - Describe the process clearly - Define
expected output format

Then ask AI: “Implement this exact design in simple Python: [your design]”

Design Example

Temperature Converter Design: - Input: Temperature in Celsius (number as text) -
Process: Convert text to number, multiply by 9/5, add 32 - Output: Show “X°C equals
Y°F”

This clear design leads to simple, correct code!

2.10 AI Partnership Patterns

2.10.1 Pattern 1: Concept Before Code
Always ask about the concept before the implementation: - � “Show me Python input
function” - � “Explain the concept of getting user input, then show simple code”
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2.10.2 Pattern 2: Simplification Ladder
When AI gives complex code: 1. “Make this simpler” 2. “Remove all error handling” 3.
“Show only the core concept” 4. “Add comments labeling input/process/output”

2.10.3 Pattern 3: Trace and Understand
After getting code: - “Trace through this when user enters [specific input]” - “What
happens at each line?” - “Draw a diagram of the data flow”

2.11 Common Misconceptions
2.11.1 “Input always means keyboard”
Reality: Input is ANY data entering your program: - User typing � - Reading files � -
Getting data from internet � - Sensor readings � - Data from other programs �

2.11.2 “Output always means screen”
Reality: Output is ANY result from your program: - Screen display � - Writing files � -
Sending data over network � - Controlling hardware � - Returning data to other programs
�

2.11.3 “Process is just math”
Reality: Process is ANY transformation: - Calculations � - Making decisions � - Format-
ting text � - Combining data � - Filtering information �

2.12 Real-World Connection
Every app on your phone follows this pattern:

Instagram: - Input: Your photo - Process: Apply filters, add caption - Output: Posted
photo

Calculator: - Input: Numbers and operations - Process: Perform math - Output: Show
result

Maps: - Input: Your destination - Process: Calculate route - Output: Show directions

Once you see this pattern, you understand the foundation of every program ever written.

2.13 Chapter Summary
You’ve learned: - Every program follows Input → Process → Output - This pattern
appears everywhere in life - AI can help you explore and understand patterns - Simple
examples teach better than complex ones - You’re learning to think in patterns, not
memorize commands

2.14 Reflection Checklist
Before moving to Chapter 2, ensure you:
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� Can identify I/P/O in any real-world scenario
� Successfully evolved prompts from vague to specific
� Created your own mental models of the pattern
� Designed programs before asking AI to code them
� Understand that I/P/O is universal, not Python-specific

2.15 Your Learning Journal
For this chapter, record:

1. Pattern Recognition: List 5 things you did today that follow I/P/O
2. Prompt Evolution: What was your most successful prompt evolution?
3. AI Surprises: What unexpected response taught you something?
4. Mental Models: Sketch your favourite way to visualize I/P/O
5. Design Practice: Write the design for a simple “Welcome Message” program

LIGHTBULB Learning Tip

The goal isn’t to memorize Python’s input() and print() functions. The goal is
to recognise that EVERY program needs to get data, transform it, and produce
results. The functions are just how Python expresses this universal pattern.

2.16 Next Steps
In Chapter 2, we’ll explore how programs remember things using variables. You’ll
discover that variables aren’t just storage - they’re how programs track the state of the
world. We’ll use your I/P/O understanding to see how data flows through variables
during processing.

Remember: You’re not learning to type code. You’re learning to think computationally
and express your thoughts through code. Let’s continue building that thinking!
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Chapter 3

Remembering Things:
Variables

3.1 The Concept First
Programs need memory. Not computer memory chips, but the ability to remember
information from one moment to the next. Without this ability, a program would be
like having a conversation with someone who forgets everything you say the instant you
say it.

In programming, we call these memories “variables” - not because they’re complicated,
but because the information they hold can vary (change) over time.

3.2 Understanding Through Real Life
3.2.1 Your Brain Uses Variables Constantly
Think about ordering coffee: - You remember your name when the barista asks - You
remember what size you want - You remember if you want milk or sugar - The barista
remembers your order while making it - The register remembers the total price

Each piece of information is stored in a mental “variable” that holds it until it’s needed.

3.2.2 Labels on Boxes
The simplest mental model: Variables are like labelled boxes. - The label is the variable’s
name - The contents are the value it stores - You can change what’s in the box - But
the label stays the same

3.2.3 Real-World Variables
Your phone uses variables constantly: - battery_level = 87 - current_time = “2:34
PM” - wifi_network = “Home_WiFi” - screen_brightness = 75

These values change, but the labels remain consistent.

33
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3.3 Discovering Variables with Your AI Partner
Let’s explore how programs remember things.

3.3.1 Exploration 1: The Need for Memory
Ask your AI:

Why do programs need to remember information? Give
me 3 simple examples without code.

You’ll see examples like: - A game needs to remember your score - A calculator needs to
remember numbers before adding them - A chat app needs to remember your username

3.3.2 Exploration 2: Finding Variables in Life
Try this prompt:

List 5 things a food delivery app needs to
remember while you're ordering

Notice how each piece of information needs a name and a value?

3.3.3 Exploration 3: The Concept of Change
Ask:

Explain why they're called "variables" using a
real-world analogy

This helps you understand that the key feature is the ability to vary (change).

3.4 From Concept to Code
Now let’s see how Python implements this universal concept of memory.

3.4.1 The Simplest Expression
Ask your AI:

Show me the simplest possible Python example of
creating a variable and using it. No functions, no
complexity.

You’ll get something like:

name = "Alice"
print("Hello, " + name)

That’s it! The = sign means “remember this.”
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3.4.2 Understanding the Pattern
Let’s break down what happens:

age = 25

This says: “Create a box labelled ‘age’ and put the number 25 in it.”

3.5 Mental Model Building

3.5.1 Model 1: The Sticky Note System

���������������
� name: Alice � <- Sticky note with label and
value
���������������

���������������
� age: 25 � <- Another sticky note
���������������

3.5.2 Model 2: The Storage Room

Storage Room of Your Program:
���������� ���������� ����������
� name � � age � � score �
�"Alice" � � 25 � � 100 �
���������� ���������� ����������

3.5.3 Model 3: The Substitution Game
When Python sees a variable name, it substitutes the value:

greeting = "Hello"
name = "Bob"
print(greeting + " " + name)
# Python substitutes: print("Hello" + " " + "Bob")

3.6 Prompt Evolution Exercise
Let’s practice getting the right level of complexity from AI.

3.6.1 Round 1: Too Vague

explain variables

You might get computer science theory about memory allocation!
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3.6.2 Round 2: Better Direction

explain variables in Python for beginners

Closer, but might still include types, scope, and advanced concepts.

3.6.3 Round 3: Learning-Focused

I'm learning to store information in Python
programs. Show me the simplest way to remember a
user's name.

Now we’re getting useful learning material!

3.6.4 Round 4: Building Understanding

Using that example, show me how the variable
changes if the user enters a different name

This demonstrates the “variable” nature of variables.

3.7 Common AI Complications
When you ask AI about variables, it often gives you:

class UserData:
def __init__(self):

self.name = None
self.age = None
self.email = None

def set_name(self, name: str) -> None:
if isinstance(name, str) and len(name) >
0:

self.name = name
else:

raise ValueError("Invalid name")

def get_name(self) -> str:
return self.name if self.name else
"Unknown"

# Usage
user = UserData()
user.set_name("Alice")
print(f"User name: {user.get_name()}")

Classes! Type hints! Validation! Methods! This is AI showing off object-oriented
programming, not teaching variables.
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3.8 The Learning Approach
Build understanding step by step:

3.8.1 Level 1: Single Variable

# Store one thing
favorite_color = "blue"
print("Your favourite color is " + favorite_color)

3.8.2 Level 2: Variables Can Change

# Variables can vary!
score = 0
print("Starting score:", score)

score = 10
print("Current score:", score)

score = 25
print("Final score:", score)

3.8.3 Level 3: Variables in Action

# Using variables with input/process/output
name = input("What's your name? ") # INPUT
& STORE
greeting = "Welcome, " + name + "!" #
PROCESS using stored value
print(greeting) # OUTPUT

3.8.4 Level 4: Multiple Variables Working Together

# A simple calculator memory
first_number = input("First number: ")
second_number = input("Second number: ")
total = int(first_number) + int(second_number)
print("The sum is", total)

INFO Expression Explorer: Variables in Expressions

Variables can be used in expressions just like values: - int(first_number) +
int(second_number) uses both variables - gold = gold + 10 updates a variable
using its current value - Variables make expressions dynamic - they can change!
Try asking AI: “Show me how the same expression gives different results with
different variable values”
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3.9 Exercises
Exercise 2.1: Concept Recognition

3.9.1 Identifying Variables in Real Programs
Look at this program and identify all the variables:

player_name = "Hero"
health = 100
gold = 50
print(player_name + " has " + str(health) + "
health")
gold = gold + 10
print("After finding treasure: " + str(gold) + "
gold")

Check Your Answer

Variables in this program: - player_name stores “Hero” - health stores 100 - gold
stores 50, then changes to 60

Note how gold demonstrates the “variable” nature - its value varies!

Exercise 2.2: Prompt Engineering

3.9.2 Getting Clear Examples
Start with: “variable examples”

Evolve this prompt to get AI to show you: 1. A program that remembers someone’s
favourite food 2. Uses the variable twice 3. Shows the variable changing 4. Keeps it
super simple

Document your prompt evolution journey.

Successful Prompt Example

“Show me a simple Python program that: 1. Stores someone’s favourite food in a variable
2. Prints it 3. Changes it to something else
4. Prints the new value Keep it as simple as possible - just 4-5 lines”

Exercise 2.3: Pattern Matching

3.9.3 Finding the Core Pattern
Ask AI for a “professional shopping cart program”. In the complex code: 1. Find all the
variables 2. Identify which ones are essential 3. Rewrite it using only 3-4 variables

Guidance

Essential variables might be: - items (what’s in cart) - total (running price) -
customer_name (who’s shopping)

Everything else is probably AI being fancy!

Exercise 2.4: Build a Model
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3.9.4 Create Your Own Understanding
Design three different ways to explain variables to someone: 1. Using a physical metaphor
(not boxes) 2. Using a story 3. Using a diagram

Test your explanations on someone. Which worked best? Why?

Exercise 2.5: Architect First

3.9.5 Design Before Code
Design programs that use variables for:

1. Pizza Order Tracker
• What to remember: size, toppings, price
• How they change: add toppings, calculate price

2. Simple Score Keeper
• What to remember: player name, current score
• How they change: score increases, name stays same

3. Temperature Monitor
• What to remember: current temp, highest temp, lowest temp
• How they change: update with new readings

Write your design first, then ask AI:

Implement this exact design in simple Python:
[your design]

Design Template

Pizza Order Design: - Variables needed: pizza_size, toppings, total_price - Start:
size=“medium”, toppings=“cheese”, price=10 - Process: Add a topping, increase price
by 2 - End: Show final order and price

3.10 AI Partnership Patterns

3.10.1 Pattern 1: Memory Metaphors
Ask AI for different metaphors: - “Explain variables using a filing cabinet metaphor”
- “Explain variables using a parking lot metaphor” - “Explain variables using a recipe
metaphor”

3.10.2 Pattern 2: Progressive Examples
Guide AI through complexity levels: 1. “Show a variable holding a number” 2. “Now
show it changing” 3. “Now show two variables interacting” 4. “Now show variables in a
real task”

3.10.3 Pattern 3: Debugging Understanding
When confused, ask: - “Why is it called a variable?” - “What happens to the old value
when I assign a new one?” - “Draw a diagram of what happens when x = 5”
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3.11 Common Misconceptions
3.11.1 “Variables are boxes that hold things”
Better Understanding: Variables are names that point to values. When you change a
variable, you’re pointing the name at a new value.

3.11.2 “= means equals”
Reality: In Python, = means “assign” or “remember as” - x = 5 means “remember 5
as x” - Not “x equals 5” (that’s == for comparison)

3.11.3 “Variable names don’t matter”
Reality: Good names make code readable:

# Bad
x = "John"
y = 25
z = x + " is " + str(y)

# Good
name = "John"
age = 25
message = name + " is " + str(age)

3.12 Real-World Connection
Every app uses variables:

Social Media: - current_user = “your_username” - post_count = 47 - is_online =
True - last_seen = “2 minutes ago”

Music Player: - current_song = “favourite Track” - volume_level = 70 - is_playing =
True - playlist_position = 3

Banking App: - account_balance = 1234.56 - account_holder = “Your Name” -
last_transaction = -50.00

Variables are how programs model the world.

3.13 Chapter Summary
You’ve learned: - Variables are how programs remember information - The name stays
the same, but the value can change - Python uses = to create and update variables -
Good variable names make code understandable - Every program uses variables to track
state

3.14 Reflection Checklist
Before moving to Chapter 3, ensure you:

� Understand variables as “program memory”
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� Can create variables with meaningful names
� Know how to change a variable’s value
� See how variables fit into Input→Process→Output
� Can design what variables a program needs

3.15 Your Learning Journal
For this chapter, record:

1. Real-World Variables: List 10 “variables” in your daily life
2. Metaphor Creation: What’s your favourite way to think about variables?
3. AI Experiments: What happened when you asked for “simple” vs “complex”

examples?
4. Naming Practice: Create good names for variables that store:

• Someone’s hometown
• The current temperature

• Whether it’s raining
• The number of messages

LIGHTBULB The Power of Names

Well-named variables make code self-documenting. Instead of remembering what
x means, user_age tells you exactly what it stores. This is more important than
any syntax rule.

3.16 Next Steps
In Chapter 3, we’ll explore how to get information from users with the input() function.
You’ll see how variables become essential for remembering what users tell us, and how
this completes the Input→Process→Output pattern with memory!

Remember: Variables aren’t about syntax. They’re about giving programs the ability to
remember and track the changing state of the world.
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Chapter 4

Asking Questions: Getting
Input

4.1 The Concept First
Programs are conversations. They need to ask questions and listen to answers. Without
this ability, a program would be like a friend who only talks but never listens - not very
useful!

Getting input is how programs become interactive, personal, and responsive to what
users need.

4.2 Understanding Through Real Life

4.2.1 Every Interaction Requires Input
Think about daily conversations that require input:

At a coffee shop: - “What’s your name?” → You provide input - “What size?” →
You provide input - “Any milk or sugar?” → You provide input

Using an ATM: - “Enter your PIN” → You provide input - “How much to withdraw?”
→ You provide input - “Do you want a receipt?” → You provide input

Playing a game: - “Enter player name” → You provide input - “Choose difficulty” →
You provide input - “Press any key to continue” → You provide input

Without the ability to ask and receive answers, these interactions couldn’t happen.

4.2.2 The Question-Answer Pattern
Every input follows the same pattern: 1. Program asks a question (prompt) 2. User
provides an answer (input) 3. Program remembers the answer (variable) 4. Program
uses the answer (process)

43
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4.3 Discovering Input with Your AI Partner
Let’s explore how programs ask questions and get answers.

4.3.1 Exploration 1: Types of Questions
Ask your AI:

What are 5 different types of questions a program
might ask users? Give examples without code.

You’ll see categories like: - Identity questions (What’s your name?) - Choice questions
(Yes or no?) - Quantity questions (How many?) - Preference questions (Which color?)

4.3.2 Exploration 2: Real App Inputs
Try this prompt:

List all the inputs Instagram asks for when you
create a new post

Notice how each input serves a specific purpose in the app’s functionality.

4.3.3 Exploration 3: Input in Action
Ask:

Explain the flow of what happens when a user types
their name into a program, from keyboard press to
program memory

This helps you understand the complete input process.

4.4 From Concept to Code
Let’s see how Python implements this conversational pattern.

4.4.1 The Simplest Expression
Ask your AI:

Show me the absolute simplest Python example of
asking the user a question and using their answer.
Nothing fancy.

You’ll get something like:

name = input("What's your name? ")
print("Hello, " + name)

That’s it! input() displays a prompt and waits for an answer.
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4.4.2 Understanding the Flow
Let’s trace what happens:

age = input("How old are you? ")

1. Python displays: “How old are you?”
2. Program pauses and waits
3. User types: 25
4. User presses Enter
5. age now contains “25” (as text)

4.5 Mental Model Building
4.5.1 Model 1: The Conversation

Program: "What's your name?" [PROMPT]
↓

User: *types* "Alice" [INPUT]
↓

Program: (stores in variable) [MEMORY]
↓

Program: "Hello, Alice!" [OUTPUT]

4.5.2 Model 2: The Form Field
Think of input() like a form field:

���������������������������
� What's your name? _____ � <- User fills in the
blank
���������������������������

4.5.3 Model 3: The Pause Button

Program running...
→ Hit input() - PAUSE! Wait for user...
→ User types...
→ User presses Enter - RESUME!
Program continues with the answer...

4.6 Prompt Evolution Exercise
Let’s practice getting the right examples from AI.

4.6.1 Round 1: Too Vague

show me input

AI might show file input, network input, or complex forms!
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4.6.2 Round 2: More Specific

show me Python user input

Better, but might include GUI elements or web forms.

4.6.3 Round 3: Learning-Focused

I'm learning to get keyboard input from users in
Python. Show me the simplest example of asking for
their name.

Perfect for learning!

4.6.4 Round 4: Building Understanding

Using that example, show me step-by-step what
happens when the user types "Sam" and presses
Enter

This reinforces the mental model.

4.7 Common AI Complications
When you ask AI about input, it often gives you:

def get_validated_input(prompt, validator=None,
error_msg="Invalid input"):

"""Get input with validation and error
handling"""
while True:

try:
user_input = input(prompt).strip()

if not user_input:
print("Input cannot be empty.
Please try again.")
continue

if validator and not
validator(user_input):

print(error_msg)
continue

return user_input

except KeyboardInterrupt:
print("\nOperation cancelled.")
return None

except EOFError:
print("\nNo input provided.")
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return None

# Usage with validation
def is_valid_age(age_str):

try:
age = int(age_str)
return 0 <= age <= 150

except ValueError:
return False

name = get_validated_input("Enter your name: ")
age = get_validated_input(

"Enter your age: ",
validator=is_valid_age,
error_msg="Please enter a valid age (0-150)"

)

Validation! Error handling! Functions! Type checking! This is production code, not
learning code.

4.8 The Learning Approach
Build understanding progressively:

4.8.1 Level 1: Basic Question and Answer

# Ask one question
favorite_food = input("What's your favourite food?
")
print("I love " + favorite_food + " too!")

4.8.2 Level 2: Multiple Questions

# Building a story with inputs
hero_name = input("Enter hero name: ")
villain_name = input("Enter villain name: ")
location = input("Where does the story take place?
")

print(hero_name + " must save " + location + "
from " + villain_name + "!")

4.8.3 Level 3: Input + Variables + Process

# Complete I→P→O with memory
price = input("Enter item price: ") # INPUT
tax = float(price) * 0.08 # PROCESS
(8% tax)
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total = float(price) + tax # PROCESS
print("Total with tax: $" + str(total)) # OUTPUT

INFO Expression Explorer: Type Conversion in Calculations

Notice how we handle input in calculations: - float(price) converts text to
decimal number - * 0.08 multiplies for percentage (8% = 0.08) - str(total)
converts number back to text for display
Ask AI: “Why do I need float() for calculations but str() for printing?”

4.8.4 Level 4: Building Interactive Programs

# A simple calculator
print("Simple Calculator")
first = input("First number: ")
second = input("Second number: ")
sum_result = int(first) + int(second)
print(first + " + " + second + " = " +
str(sum_result))

4.9 Exercises
Exercise 3.1: Concept Recognition

4.9.1 Identifying Input Patterns
For each scenario, identify: 1. What question is asked 2. What variable stores the
answer 3. How the answer is used

Program A:

city = input("Where do you live? ")
print("I've heard " + city + " is beautiful!")

Program B:

pet_name = input("What's your pet's name? ")
pet_type = input("What kind of pet is it? ")
print(pet_name + " sounds like a wonderful " +
pet_type)

Check Your Analysis

Program A: - Question: “Where do you live?” - Variable: city - Usage: Incorporated
into a compliment about the city

Program B: - Questions: Pet’s name and type - Variables: pet_name, pet_type -
Usage: Combined to create a personalized message

Exercise 3.2: Prompt Engineering



4.9. Exercises 49

4.9.2 Getting Interactive Examples
Start with: “user input program”

Evolve this prompt to get AI to show you: 1. A program that asks for someone’s hobby
2. Stores it in a well-named variable 3. Uses it in two different print statements 4. Keeps
it simple (no functions or validation)

Document each prompt iteration.

Effective Final Prompt

“Show me a simple Python program that: 1. Asks the user for their favourite hobby
2. Stores it in a variable 3. Prints two different messages using that hobby Use only
input() and print(), nothing complex”

Exercise 3.3: Pattern Matching

4.9.3 Finding Core Input Patterns
Ask AI for a “professional user registration system”. In the complex code: 1. Find all the
input() calls 2. Identify the essential questions 3. Rewrite as a simple 4-5 line program

What to Extract

Essential inputs might be: - Username - Email - Password

Strip away: - Validation - Error handling - Database code - Encryption - Email verification

Keep just the core question-asking pattern!

Exercise 3.4: Build a Model

4.9.4 Visualizing Input Flow
Create three different models showing how input works: 1. A comic strip showing
the conversation 2. A flowchart of the input process 3. An analogy using something
non-computer related

Test your models by explaining input() to someone who’s never programmed.

Exercise 3.5: Architect First

4.9.5 Design Interactive Programs
Design these programs before coding:

1. Personal Greeting Bot
• Questions needed: name, mood, favourite color
• Output: Personalized colorful greeting

2. Simple Story Generator
• Questions needed: character name, place, object
• Output: A two-sentence story using all inputs

3. Basic Pizza Order
• Questions needed: size, topping, delivery address
• Output: Order confirmation
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Write your design as: - List of questions to ask - Variable names for each answer - How
you’ll use the variables

Then ask AI: “Implement this exact design: [your design]”

Design Example

Personal Greeting Bot Design: - Ask “What’s your name?” → store in user_name -
Ask “How are you feeling?” → store in mood - Ask “favourite color?” → store in color -
Output: “Hi [name]! Hope your [mood] day gets even better! [color] is awesome!”

4.10 AI Partnership Patterns

4.10.1 Pattern 1: Trace the Journey
Ask AI to trace data flow: - “Show what happens to user input from keyboard to
variable” - “Trace the value ‘42’ through this input() example” - “Draw a diagram of
the input() process”

4.10.2 Pattern 2: Real-World Connections
Connect to familiar experiences: - “Explain input() like a restaurant taking your order”
- “Compare input() to filling out a form” - “How is input() like having a conversation?”

4.10.3 Pattern 3: Common Mistakes
Learn from errors: - “What happens if I forget to store input() in a variable?” - “Why
does input() always return text, not numbers?” - “Show me common beginner mistakes
with input()”

4.11 Common Misconceptions

4.11.1 “input() returns numbers when I type numbers”
Reality: input() ALWAYS returns text (strings)

age = input("Your age: ") # User types: 25
# age contains "25" (text), not 25 (number)
# To get a number: age = int(input("Your age: "))

4.11.2 “I need to print the question separately”
Reality: input() displays the prompt for you

# Unnecessary:
print("What's your name?")
name = input()

# Better:
name = input("What's your name? ")
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4.11.3 “Complex programs need complex input handling”
Reality: Even big programs often use simple input patterns. Complexity can be added
later if needed.

4.12 Real-World Connection
Every app gets input somehow:

Text Messages: - Input: Typing your message - Input: Choosing emoji - Input:
Selecting recipient

Online Shopping: - Input: Search terms - Input: Quantity - Input: Shipping address -
Input: Payment info

Video Games: - Input: Character name - Input: Difficulty level - Input: Control
settings

The concept is universal - only the implementation differs!

4.13 Chapter Summary
You’ve learned: - Programs need input to be interactive - input() creates a conversation
with users - Input always returns text that needs storage - Questions should be clear
and purposeful - Simple input patterns power complex programs

4.14 Reflection Checklist
Before moving to Chapter 4, ensure you:

� Understand input as program-user conversation
� Can write clear prompts for input()
� Know input() always returns text
� Can combine input with variables and output
� See how input completes the I→P→O pattern

4.15 Your Learning Journal
For this chapter, record:

1. Real-World Inputs: List 10 times you provided input to technology today
2. Prompt Practice: Write 5 different ways to ask for someone’s age
3. Mental Model: Draw your favourite visualization of how input() works
4. Program Ideas: List 3 programs you could build with just input(), variables,

and print()

LIGHTBULB The Art of Good Prompts

A good input prompt is like a good question in conversation: - Clear about what
you want - Friendly in tone - Shows expected format when helpful - Ends with a
space for readability
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Compare: - Bad: input("name") - Good: input("What's your name? ") - Bet-
ter: input("Please enter your name: ")

4.16 Next Steps
In Chapter 4, we’ll discover how programs make decisions using if statements. You’ll
see how input becomes powerful when programs can respond differently based on what
users tell them. Get ready to make your programs smart!

Remember: Getting input isn’t about the syntax of input(). It’s about creating
conversations between programs and people. Every interactive program in the world is
built on this simple concept.



Chapter 5

Making Decisions: If
Statements

5.1 The Concept First
Life is full of decisions. Every moment, we evaluate conditions and choose different
actions based on what we find. Programs need this same ability - to look at information
and decide what to do next.

This is the power that transforms programs from simple calculators into intelligent
assistants.

5.2 Understanding Through Real Life
5.2.1 We Make Decisions Constantly
Think about your morning routine: - IF it’s raining → Take an umbrella - IF it’s cold
→ Wear a jacket
- IF alarm didn’t go off → Rush! - IF it’s weekend → Sleep in

Each decision follows a pattern: 1. Check a condition 2. If true, do something 3. If false,
do something else (or nothing)

5.2.2 Decisions in Technology
Your phone makes thousands of decisions per second: - IF battery < 20% → Show
low battery warning - IF face recognised → Unlock phone - IF notification arrives →
Display alert - IF no internet → Show offline message

5.2.3 The Universal Pattern
Every decision has the same structure:

IF (something is true)
THEN do this

ELSE

53
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do that instead

5.3 Discovering Decisions with Your AI Partner
Let’s explore how programs make intelligent choices.

5.3.1 Exploration 1: Types of Decisions
Ask your AI:

Give me 5 examples of decisions a smart home
system makes, showing the IF-THEN pattern

Notice how each follows: condition → action.

5.3.2 Exploration 2: Real App Logic
Try this prompt:

What decisions does a music app make when you
press play? List them as IF-THEN rules.

You’ll see layers of decisions that create smooth user experience.

5.3.3 Exploration 3: Decision Trees
Ask:

Draw a simple decision tree for an ATM withdrawal
process

This reveals how decisions can branch and create complex behaviour from simple rules.

5.4 From Concept to Code
Let’s see how Python expresses these decision patterns.

5.4.1 The Simplest Expression
Ask your AI:

Show me the absolute simplest Python if statement
that checks if a number is positive. No functions
or complexity.

You’ll get something like:

number = 10
if number > 0:

print("It's positive!")
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That’s it! The pattern is: - if - the decision keyword - condition - what to check - : -
start of the action - Indented lines - what to do if true

5.4.2 Understanding the Flow
Let’s trace through:

age = 15
if age >= 13:

print("You're a teenager!")

1. Check: Is 15 >= 13?
2. Yes (True)
3. Do the indented action
4. Continue with program

5.5 Mental Model Building

5.5.1 Model 1: The Fork in the Road

Program flow
↓

[IF condition?]
� �

True False
↓ ↓

[Action] [Skip]
↓ ↓
→ → → ←

Continue program

5.5.2 Model 2: The Gatekeeper

if password == "secret123":
� Gate Opens → Enter

else:
� Gate Stays Closed → Stay Out

5.5.3 Model 3: The Traffic Light

if light == "green":
→ GO

elif light == "yellow":
→ SLOW DOWN

else: # red
→ STOP
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5.6 Prompt Evolution Exercise
Practice getting decision examples from AI.

5.6.1 Round 1: Too Vague

show me if statements

You’ll get complex nested conditions and advanced patterns!

5.6.2 Round 2: More Specific

show me Python if statement examples

Better, but still might include functions and complex logic.

5.6.3 Round 3: Learning-Focused

I'm learning how programs make decisions. Show me
the simplest possible if statement that checks
user input.

Now we’re learning-sized!

5.6.4 Round 4: Building Understanding

Using that example, trace through what happens
when the user enters different values

This builds deep understanding of flow.

5.7 Common AI Complications
When you ask AI about if statements, it often gives you:

def validate_user_input(value, min_val=0,
max_val=100):

"""Validate user input with comprehensive
checks"""
if not isinstance(value, (int, float)):

raise TypeError(f"Expected number, got
{type(value).__name__}")

if value < min_val or value > max_val:
raise ValueError(f"Value must be between
{min_val} and {max_val}")

if value == min_val:
print("Warning: At minimum threshold")

elif value == max_val:
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print("Warning: At maximum threshold")
elif value > (max_val - min_val) * 0.9 +
min_val:

print("Warning: Approaching maximum")
elif value < (max_val - min_val) * 0.1 +
min_val:

print("Warning: Approaching minimum")

return value

try:
user_value = float(input("Enter value: "))
validated = validate_user_input(user_value)
print(f"Valid value: {validated}")

except (TypeError, ValueError) as e:
print(f"Error: {e}")

Functions! Exceptions! Type checking! Complex math! This is enterprise code, not
learning code.

5.8 The Learning Approach
Build understanding progressively:

5.8.1 Level 1: Single Decision

# Simplest decision
temperature = 30
if temperature > 25:

print("It's hot today!")

5.8.2 Level 2: Two-Way Decision

# if-else: choosing between two options
password = input("Enter password: ")
if password == "opensesame":

print("Welcome!")
else:

print("Access denied!")

5.8.3 Level 3: Multiple Choices

# elif: checking multiple conditions
grade = int(input("Enter your score: "))
if grade >= 90:

print("A - Excellent!")
elif grade >= 80:

print("B - Good job!")
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elif grade >= 70:
print("C - Passing!")

else:
print("Need more practice!")

5.8.4 Level 4: Combining Conditions

# Using 'and' and 'or'
age = int(input("Your age: "))
day = input("Is it weekend? (yes/no): ")

if age < 18 and day == "no":
print("Time for school!")

elif age < 18 and day == "yes":
print("Enjoy your weekend!")

else:
print("You're an adult - your choice!")

INFO Expression Explorer: Boolean Logic

Conditions create True/False values (booleans): - Comparisons: <, >, <=, >=, ==,
!= - Combining: and (both true), or (at least one true), not (opposite) - age <
18 and day == "no" is only True when BOTH conditions are True
Ask AI: “Show me a truth table for ‘and’ and ‘or’ with simple examples”

5.9 Exercises
Exercise 4.1: Concept Recognition

5.9.1 Identifying Decision Patterns
For each scenario, identify: 1. What condition is checked 2. What happens if true 3.
What happens if false

Scenario A: Automatic doors at a store Scenario B: Phone screen rotating Scenario
C: Microwave timer reaching zero

Check Your Analysis

Scenario A - Automatic Doors: - Condition: Motion detected? - If True: Open
doors - If False: Keep doors closed

Scenario B - Phone Rotation: - Condition: Phone tilted sideways? - If True: Rotate
to landscape - If False: Stay in portrait

Scenario C - Microwave Timer: - Condition: Timer == 0? - If True: Beep and stop
- If False: Keep counting down

Exercise 4.2: Prompt Engineering
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5.9.2 Getting Clear Decision Examples
Start with: “password checker”

Evolve this prompt to get AI to show you: 1. A simple password check (one correct
password) 2. Uses if-else structure 3. Clear messages for success/failure 4. No functions
or complexity

Document your prompt evolution.

Effective Final Prompt

“Show me a simple Python program that: 1. Asks for a password 2. Checks if it equals
‘secret’ 3. Prints ‘Access granted’ if correct 4. Prints ‘Access denied’ if wrong Use only
if-else, no functions or loops”

Exercise 4.3: Pattern Matching

5.9.3 Finding Core Decision Logic
Ask AI for a “professional game menu system”. In the complex code: 1. Find all if
statements 2. Identify the essential decisions 3. Rewrite as 5-10 simple if statements

Core Decisions Might Include

• If choice == “start” → Begin game
• If choice == “load” → Load saved game
• If choice == “quit” → Exit program
• If save exists → Show load option
• If in game → Show different menu

Exercise 4.4: Build a Model

5.9.4 Visualizing Decision Flow
Create three different models showing how if-elif-else works: 1. A flowchart 2. A
real-world analogy (not traffic lights) 3. A step-by-step story

Test your models by explaining to someone how programs decide.

Exercise 4.5: Architect First

5.9.5 Design Decision-Based Programs
Design these programs before coding:

1. Simple Thermostat
• Decisions: Too cold? Too hot? Just right?
• Actions: Heat on/off, AC on/off, do nothing

2. Movie Ticket Pricer
• Decisions: Child? Senior? Weekend?
• Actions: Apply different prices

3. Simple Adventure Game
• Decisions: Go left? Go right? Open door?
• Actions: Different story outcomes



60 Chapter 5. Making Decisions: If Statements

Write your design as: - List all conditions to check - Define actions for each condition -
Plan the decision order (what to check first)

Then ask AI: “Implement this exact decision logic: [your design]”

Design Example

Thermostat Design: - Get current temperature - If temp < 18: Print “Heating on” -
Elif temp > 25: Print “AC on” - Else: Print “Temperature OK”

5.10 AI Partnership Patterns
5.10.1 Pattern 1: Decision Tables
Ask AI to create decision tables: - “Show this if statement as a decision table” - “Create
a truth table for these conditions” - “Map all possible paths through this logic”

5.10.2 Pattern 2: Simplification Practice
Guide AI to simpler versions: 1. “Show a complex if statement” 2. “Now show the same
logic more simply” 3. “Now make it beginner-friendly” 4. “Now use only concepts from
chapters 1-3”

5.10.3 Pattern 3: Real-World Mapping
Connect decisions to life: - “Show if statements using a vending machine example” -
“Explain elif using a restaurant menu” - “Compare nested ifs to decision trees”

5.11 Common Misconceptions
5.11.1 “else is required”
Reality: else is optional. Sometimes you only need to act when something is true:

if battery_low:
show_warning()

# No else needed - just continue normally

5.11.2 “Conditions must be simple”
Reality: You can combine conditions:

if age >= 18 and has_id and not banned:
allow_entry()

5.11.3 “Order doesn’t matter”
Reality: Order matters with elif - first match wins:

score = 85
if score >= 70:

print("C") # This runs
elif score >= 80:
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print("B") # Never reached!

5.12 Real-World Connection
Every app uses decisions:

Social Media Feed:

if post.likes > 1000:
mark_as_trending()

if user in post.friends:
show_in_feed()

if content.is_video:
add_play_button()

Online Shopping:

if item.in_stock:
show_buy_button()

else:
show_notify_me()

if cart.total >= 50:
apply_free_shipping()

Video Games:

if player.health <= 0:
game_over()

elif player.score >= next_level_score:
advance_level()

5.13 Chapter Summary
You’ve learned: - Programs make decisions by checking conditions - if statements let
programs choose different paths - elif handles multiple related choices - else provides a
default action - Decision logic creates intelligent behaviour

5.14 Reflection Checklist
Before moving to Chapter 5, ensure you:

� Understand decisions as choosing paths based on conditions
� Can write simple if, if-else, and if-elif-else statements
� Know how to combine conditions with and/or
� See how decisions make programs responsive
� Can design decision logic before coding
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5.15 Your Learning Journal
For this chapter, record:

1. Decision Mapping: List 10 decisions your phone makes
2. Flow Practice: Draw the flow of a simple if-elif-else
3. Design Patterns: What order should conditions be checked?
4. Real Programs: How would you add decisions to previous programs?

LIGHTBULB The Power of Decisions

With variables (memory) and decisions (intelligence), your programs can now:
- Remember user preferences - Respond differently to different inputs - Create
personalized experiences - Handle errors gracefully
You’re no longer writing calculators - you’re creating responsive programs!

5.16 Next Steps
In Chapter 5, we’ll discover how to make programs repeat actions with loops. Combined
with decisions, this will let you create programs that can handle any number of items,
retry on errors, and process data efficiently.

Remember: Decisions aren’t about memorizing if-elif-else syntax. They’re about teaching
programs to respond intelligently to different situations - just like we do in real life!



Chapter 6

Doing Things Over and Over:
Loops

6.1 The Concept First
Imagine if you had to write a separate line of code for every item in a list, every user
in a system, or every second in a countdown. Programs would be impossibly long and
inflexible.

The power of repetition lets programs handle any amount of data with the same few
lines of code. This is what transforms programs from rigid scripts into flexible tools.

6.2 Understanding Through Real Life
6.2.1 Repetition Is Everywhere
Think about repetitive tasks in your day: - Brushing teeth: Brush each tooth (repeat
for all teeth) - Climbing stairs: Step up (repeat until you reach the top) - Reading:
Read word (repeat until end of page) - Washing dishes: Clean dish (repeat until sink
is empty)

Each follows a pattern: 1. Start with something to process 2. Do an action 3. Move to
the next item 4. Stop when done

6.2.2 Natural Stopping Points
Every repetition needs to know when to stop: - Counting: Stop at a specific number -
Lists: Stop when no items left - Conditions: Stop when something becomes true/false
- User says: Stop when user wants

6.2.3 The Power of Patterns
Once you define a pattern, it works for any amount: - Recipe for 1 cookie → Recipe for
100 cookies - Greeting for 1 student → Greeting for whole class - Check 1 password →
Check million passwords - Process 1 photo → Process entire album

63
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6.3 Discovering Loops with Your AI Partner
Let’s explore how programs repeat intelligently.

6.3.1 Exploration 1: Finding Repetition
Ask your AI:

Give me 5 examples of repetitive tasks a music
player app performs, without using code

You’ll see patterns like: - Play each song in playlist - Update progress bar every second -
Check for next song continuously

6.3.2 Exploration 2: Different Types of Repetition
Try this prompt:

What's the difference between "repeat 10 times" vs
"repeat while music playing" vs "repeat for each
song"?

This reveals the three main types of loops: counting, conditional, and collection-based.

6.3.3 Exploration 3: The Magic of Loops
Ask:

Show how a loop can replace 100 lines of code with
just 3 lines, using a simple example

This demonstrates the power of repetition patterns.

6.4 From Concept to Code
Let’s see how Python expresses repetition.

6.4.1 The Simplest Expression
Ask your AI:

Show me the absolute simplest Python loop that
prints "Hello" 5 times. No functions, no
complexity.

You’ll get something like:

for i in range(5):
print("Hello")

That’s it! - for - the repetition keyword - i in range(5) - repeat 5 times - Indented
lines - what to repeat
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6.4.2 Understanding the Flow

Let’s trace through:

for number in range(3):
print(f"Count: {number}")

print("Done!")

Output:

Count: 0
Count: 1
Count: 2
Done!

The loop runs the indented code once for each number.

6.5 Mental Model Building

6.5.1 Model 1: The Assembly Line

Items: [�, �, �, �, �]
↓

For each box:
[Process] → �

↓
All done!

6.5.2 Model 2: The Track Runner

Start line → Lap 1 → Lap 2 → Lap 3 → Finish!
� � �

(same track each time)

6.5.3 Model 3: The Playlist

Songs: [�, �, �, �]
For each song:

� Play
� Next

When no more songs: � Stop

6.6 Prompt Evolution Exercise
Let’s practice getting loop examples from AI.
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6.6.1 Round 1: Too Vague

show me loops

You’ll get while loops, for loops, nested loops, infinite loops - overwhelming!

6.6.2 Round 2: More Specific

show me Python for loops

Better, but might include complex iterations and list comprehensions.

6.6.3 Round 3: Learning-Focused

I'm learning repetition in programming. Show me a
simple for loop that counts from 1 to 10.

Perfect for understanding!

6.6.4 Round 4: Concept Reinforcement

Now show the same counting without a loop, to see
why loops are useful

This shows the power of loops vs manual repetition.

6.7 Common AI Complications
When you ask AI about loops, it often gives you:

def process_data_pipeline(data_sources,
transformations, validators):

"""Complex data processing with multiple loop
types"""
results = []

for source in data_sources:
try:

# Nested loop with enumeration
for idx, item in
enumerate(source.fetch_items()):

# Validation loop
for validator in validators:

if not
validator.validate(item):

logger.warning(f"Item
{idx} failed validation")
continue

# Transformation pipeline
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transformed = item
for transform in transformations:

transformed =
transform.apply(transformed)

# While loop for retry logic
retry_count = 0
while retry_count < 3:

try:
results.append(transformed)
break

except Exception as e:
retry_count += 1

except Exception as e:
logger.error(f"Source processing
failed: {e}")

# List comprehension alternative
return [r for r in results if r is not None]

Nested loops! Enumerations! While loops! Exception handling! This is data pipeline
architecture, not learning loops!

6.8 The Learning Approach
Build understanding step by step:

6.8.1 Level 1: Simple Counting

# Count to 5
for i in range(5):

print(i)
# Prints: 0, 1, 2, 3, 4

6.8.2 Level 2: Counting with Purpose

# Countdown
for seconds in range(5, 0, -1):

print(f"{seconds} seconds left")
print("Blast off! �")

6.8.3 Level 3: Looping Through Collections

# Process each item
fruits = ["apple", "banana", "orange"]
for fruit in fruits:

print(f"I like {fruit}")



68 Chapter 6. Doing Things Over and Over: Loops

6.8.4 Level 4: Loops with Decisions

# Combining loops and if statements
numbers = [1, 2, 3, 4, 5]
for num in numbers:

if num % 2 == 0:
print(f"{num} is even")

else:
print(f"{num} is odd")

INFO Expression Explorer: The Modulo Operator

The % operator (modulo) gives the remainder after division: - 5 % 2 = 1 (5 ÷ 2
= 2 remainder 1) - 4 % 2 = 0 (4 ÷ 2 = 2 remainder 0) - Even numbers: num % 2
== 0 (no remainder) - Every third: num % 3 == 0
Ask AI: “Show me creative uses of the modulo operator in loops”

6.8.5 Level 5: User-Controlled Loops

# Keep going until user stops
while True:

answer = input("Continue? (yes/no): ")
if answer == "no":

break
print("Okay, continuing...")

print("Thanks for playing!")

6.9 Exercises
Exercise 5.1: Concept Recognition

6.9.1 Identifying Repetition Patterns
For each scenario, identify: 1. What repeats 2. How many times (or what condition) 3.
When it stops

Scenario A: Watering plants in a garden Scenario B: Checking email for new messages
Scenario C: Vending machine dispensing change

Check Your Analysis

Scenario A - Watering Plants: - Repeats: Water each plant - How many: For each
plant in garden - Stops: When all plants watered

Scenario B - Checking Email: - Repeats: Check inbox - How many: While new
messages exist - Stops: When no new messages

Scenario C - Dispensing Change: - Repeats: Give coin - How many: Until correct
change given - Stops: When change equals zero

Exercise 5.2: Prompt Engineering
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6.9.2 Getting Clear Loop Examples
Start with: “multiplication table”

Evolve this prompt to get AI to show you: 1. A loop that prints 5 x 1 through 5 x 10
2. Uses a simple for loop 3. Shows the calculation clearly 4. No functions or complex
formatting

Document your prompt evolution.

Effective Final Prompt

“Show me a simple Python for loop that prints the 5 times table from 5x1 to 5x10. Just
use print statements, no functions or formatting.”

Exercise 5.3: Pattern Matching

6.9.3 Finding Core Loop Patterns
Ask AI for a “professional inventory management system”. In the complex code: 1. Find
all loops 2. Identify what each loop does 3. Rewrite the essential logic using simple loops

Core Patterns to Find

• Loop through all items
• Count total quantity
• Check each item’s stock level
• Update prices for each item
• Generate report for each category

Strip away databases, classes, error handling - keep just the repetition pattern!

Exercise 5.4: Build a Model

6.9.4 Visualizing Loop Flow
Create three different models showing how loops work: 1. A circular diagram showing
repetition 2. An analogy using a non-computer activity 3. A before/after comparison
(without loop vs with loop)

Test your models by explaining loops to someone.

Exercise 5.5: Architect First

6.9.5 Design Loop-Based Programs
Design these programs before coding:

1. Class Greeting System
• Task: Greet each student by name
• Data: List of student names
• Pattern: For each name, print personalized greeting

2. Exercise Counter
• Task: Count exercises (jumping jacks, etc.)
• Pattern: Count from 1 to target number
• Extra: Encourage at halfway point

3. Password Attempt Limiter
• Task: Give user 3 chances for password
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• Pattern: Keep asking while attempts left and not correct
• Stop: When correct or out of attempts

Write your design as: - What needs repeating - What controls the repetition - When to
stop - What happens each time

Then ask AI: “Implement this exact loop design: [your design]”

Design Example

Class Greeting Design: - Store names: [“Alice”, “Bob”, “Charlie”] - For each name in
the list: - Print “Good morning, [name]!” - After all names: Print “Welcome, everyone!”

6.10 AI Partnership Patterns
6.10.1 Pattern 1: Loop Comparison
Ask AI to show different loop types: - “Show counting to 10 with for vs while” - “Show
processing a list three different ways” - “Compare loop vs manual repetition”

6.10.2 Pattern 2: Incremental Complexity
Build up understanding: 1. “Show a loop that prints one word 5 times” 2. “Now make
it print different numbers” 3. “Now make it process a list” 4. “Now add a condition
inside”

6.10.3 Pattern 3: Real-World Mapping
Connect loops to life: - “Explain for loops using a cooking recipe” - “Show while loops
using a game example” - “Compare nested loops to organising drawers”

6.11 Common Misconceptions
6.11.1 “Loops are only for counting”
Reality: Loops process any collection or repeat any action:

# Not just counting - processing data
for word in sentence.split():

print(word.upper())

6.11.2 “You need to know the count beforehand”
Reality: Loops can run until a condition is met:

while user_input != "quit":
user_input = input("Command: ")

6.11.3 “Loop variables are just throwaway counters”
Reality: Loop variables can be meaningful:
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for student in class_roster:
print(f"Assignment for {student}")

# 'student' has meaning, not just 'i' or 'x'

6.12 Real-World Connection
Every app uses loops constantly:

Social Media Feed:

for post in recent_posts:
display_post(post)
check_for_likes(post)
load_comments(post)

Music Player:

for song in playlist:
play_song(song)
update_progress_bar()
check_skip_button()

Game Engine (60 times per second!):

while game_running:
check_input()
update_positions()
detect_collisions()
draw_screen()

6.13 Chapter Summary
You’ve learned: - Loops let programs repeat actions efficiently - for loops work with
collections and counts - while loops continue until conditions change - Loops eliminate
repetitive code - Repetition patterns make programs flexible

6.14 Reflection Checklist
Before moving to the first project, ensure you:

� Understand repetition as a concept beyond coding
� Can write for loops for counting and collections
� Know when to use while vs for loops
� Can combine loops with if statements
� See how loops make programs handle any amount of data

6.15 Your Learning Journal
For this chapter, record:

1. Repetition Mapping: List 10 repetitive tasks in your daily life
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2. Loop Visualization: Draw your mental model of how loops work
3. Power of Loops: Write 10 print statements, then replace with 2-line loop
4. Design Practice: How would loops improve your previous programs?

LIGHTBULB The Complete Toolkit

You now have all the fundamental building blocks: - Input/Output: Communicate
with users - Variables: Remember information - Decisions: Respond intelligently
- Loops: Handle any amount of data
With just these four concepts, you can build surprisingly powerful programs!

6.16 Next Steps
Congratulations! You’ve completed the fundamental concepts of programming. In the
Fortune Teller project, you’ll combine everything you’ve learned to build your first
complete program: a Fortune Teller that uses input, variables, decisions, and loops to
create an interactive experience.

Remember: Loops aren’t about memorizing for and while syntax. They’re about
recognising repetition patterns and making programs that can handle anything from 1
to 1 million items with the same elegant code!
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Your Expression Toolkit

7.1 Why This Toolkit Exists
As you’ve journeyed through the fundamental concepts, you’ve encountered various
operators and expressions naturally - the + that joins text, the % that finds remainders,
the and that combines conditions.

But here’s what happens next: When you start building projects and exploring AI-
generated code, you’ll see expressions you haven’t met yet. AI loves using clever shortcuts
and advanced operators.

This toolkit isn’t for memorizing. It’s for recognising patterns and knowing
how to explore.

7.2 Your AI Expression Detective Skills
When you see an unfamiliar expression in AI code:

7.2.1 1. Don’t Panic, Ask!

# AI gives you:
result = value // 2

# You ask:
"What does the // operator do? Show me simple
examples"

7.2.2 2. Trace Through It

# AI shows:
score = (wins * 3) + (draws * 1)

# You ask:
"Trace through this expression when wins=5 and
draws=2"
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7.2.3 3. Simplify to Understand

# AI provides:
is_valid = len(name) > 0 and name.isalpha() and
name[0].isupper()

# You ask:
"Break this complex condition into simple parts
and explain each"

7.3 Expression Patterns You’ve Discovered
Through your journey, you’ve already found these patterns:

7.3.1 The Chameleon Operator: +

# Ask AI: "Show me all the different things + can
do in Python"

5 + 3 # Math: 8
"Hello " + "World" # Text: "Hello World"
[1, 2] + [3, 4] # Lists: [1, 2, 3, 4]
(you'll learn this later!)

7.3.2 The Decision Makers

# Ask AI: "Create a simple game rule using
comparison operators"

health > 0 # Can I continue playing?
score >= high_score # Did I beat the record?
answer == "yes" # Did they agree?
password != "" # Did they enter
something?

7.3.3 The Logic Builders

# Ask AI: "Show me real-world examples of
and/or/not logic"

# Restaurant rules
age >= 18 and has_id # Can serve
drinks
cash >= total or has_credit_card # Can pay
not is_closed # Can enter
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7.4 Expressions Create Values
Every expression is just a question Python answers:

# Ask AI: "Show me how these expressions evaluate
step by step"

age >= 13 # Question: Old enough?
Answer: True/False
price * 0.08 # Question: Tax amount?
Answer: A number
"Hi " + name # Question: Greeting?
Answer: Combined text

7.5 Your Discovery Prompts
When exploring expressions with AI, these prompts help:

7.5.1 For New Operators
• “What does [operator] do? Show the simplest possible example”
• “When would I use [operator] instead of [other operator]?”
• “Show me [operator] failing or causing an error”

7.5.2 For Complex Expressions
• “Break down this expression: [expression]”
• “Rewrite this expression in a simpler way”
• “What values make this expression True/False?”

7.5.3 For Pattern Recognition
• “Show me 3 different uses of [operator]”
• “What’s the pattern in these expressions?”
• “How do I check if a number is [even/divisible by 5/in a range]?”

7.6 Common AI Expression Tricks
AI often uses these shortcuts. When you see them, ask for explanations:

# Ternary operator (you haven't learned this yet!)
status = "pass" if score >= 60 else "fail"
# Ask: "Rewrite this without the if/else on one
line"

# Chained comparisons
if 0 <= x <= 100:
# Ask: "Is this the same as using 'and'? Show me
both ways"

# Augmented assignment
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total += price
# Ask: "What's the difference between += and
regular + ?"

7.7 The Expression Mindset
Remember our philosophy: 1. You’re the architect - You decide what values you need
2. Expressions are tools - Pick the right tool for the job 3. AI knows the syntax -
Let it handle the details 4. You understand the purpose - Know WHY you need
that value

7.8 Practice: Expression Archaeology
Try this exercise with AI:

1. Ask: “Show me a Python program that calculates a restaurant bill with tip”
2. Find every expression in the code
3. For each expression ask: “What value does this create and why do we need it?”
4. Ask: “Simplify this program to use fewer expressions”

LIGHTBULB Expression Confidence

You don’t need to memorize operators. You need to: - recognise when you need
to create a value - Know that an expression can create it - Ask AI for the right
expression pattern - Understand what value it produces
This is exactly how professional programmers work!

7.9 Moving Forward
In your upcoming projects, you’ll encounter new expressions naturally. Each time: 1.
Ask AI what it does 2. Ask for simpler examples 3. Ask why that expression was chosen
4. Try alternatives

Expressions aren’t scary - they’re just questions Python can answer for you!
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Project: Fortune Teller

Exclamation Before You Start

Make sure you’ve completed: - Chapter 1: Input, Process, Output - Chapter 2:
Remembering Things (Variables) - Chapter 3: Asking Questions (Input) - Chapter
4: Making Decisions (If Statements) - Chapter 5: Doing Things Over and Over
(Loops) - Your Expression Toolkit
You should understand: - How to get input from users - How to store information
in variables - How to make decisions with if statements - How to repeat actions
with loops

LIGHTBULB Code available online

Starter code and Jupyter notebooks for all projects are available in the code/
folder on GitHub. Notebooks include an “Open in Colab” button for zero-install
coding. See books.borck.education (https://books.borck.education) for links.

8.1 Project Overview
Fortune tellers have fascinated people for centuries. They ask questions, consider the
answers, and provide mysterious insights. Your digital fortune teller will do the same -
but with code!

You’ll create an interactive fortune teller that asks questions, makes decisions based on
answers, and delivers personalized fortunes. This is your chance to combine everything
you’ve learned into your first complete program.

8.2 The Problem to Solve
People want to know their future! Your fortune teller should: - Feel interactive and
personal - Ask meaningful questions - Provide different fortunes based on their answers -
Be entertaining and mystical
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8.3 Architect Your Solution First
Before writing any code or consulting AI, design your fortune teller:

8.3.1 1. Understand the Problem
• What questions will you ask? (name, age, favourite color, etc.)
• How will answers affect the fortune?
• What makes a fortune feel “personalized”?
• How can you make it entertaining?

8.3.2 2. Design Your Approach
Create a design document that includes: - [ ] List of questions to ask (minimum 3) - [ ]
How each answer affects the fortune - [ ] At least 5 different possible fortunes - [ ] The
decision logic (which answers lead to which fortunes) - [ ] Any special features (asking
to try again, etc.)

8.3.3 3. Identify Patterns
Which programming patterns will you use? - [ ] Input → Process → Output (getting
and using answers) - [ ] Variables (storing user information) - [ ] Decisions (choosing
fortunes based on answers) - [ ] Loops (maybe asking if they want another fortune?) - [
] Expressions (calculations or text building)

8.4 Implementation Strategy
8.4.1 Phase 1: Core Functionality
Start with the absolute minimum: 1. Welcome message 2. Ask for name 3. Give one
simple fortune using their name 4. Test that this works!

8.4.2 Phase 2: Enhancement
Once core works: 1. Add more questions (age, favourite color, etc.) 2. Use if statements
to give different fortunes 3. Make fortunes depend on multiple answers 4. Add personality
to your fortune teller

8.4.3 Phase 3: Polish
If time allows: 1. Add a loop to let them try again 2. Count how many fortunes they’ve
received 3. Add dramatic pauses or effects 4. Create a mystical atmosphere with your
text

8.5 AI Partnership Guidelines
8.5.1 Effective Prompts for This Project
� Good Learning Prompts:



8.6. Requirements Specification 79

"I'm building a fortune teller. I've designed it
to ask for name and age,
then give different fortunes for different age
groups.
Show me how to implement the age checking logic
simply."

"My fortune teller works but feels repetitive.
Here's my code: [code].
How can I add more variety without making it
complex?"

"I want to combine the user's favourite color and
age to pick a fortune.
What's a simple way to check both conditions?"

� Avoid These Prompts: - “Write a fortune teller program for me” - “Make my fortune
teller professional/production-ready” - “Add advanced features like saving fortunes to a
file”

8.5.2 AI Learning Progression
1. Design Phase: Use AI to validate your approach

"I'm planning a fortune teller that asks 3
questions and has 5 fortunes.
Is this a good scope for a beginner project?"

2. Implementation Phase: Use AI for specific components

"I need to check if age is less than 20 for
'young' fortunes.
What's the simplest if statement for this?"

3. Debug Phase: Use AI to understand errors

"My program crashes when someone enters text
instead of a number for age.
What's happening and how do I handle it
simply?"

4. Enhancement Phase: Use AI to add personality

"What are some mystical-sounding phrases I
could add to make
my fortune teller more atmospheric?"

8.6 Requirements Specification
8.6.1 Functional Requirements
Your fortune teller must:
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1. Welcome the User
• Display an intriguing welcome message
• Set the mystical mood

2. Gather Information
• Ask for user’s name (required)
• Ask at least 2 more questions
• Store all answers in well-named variables

3. Process and Decide
• Use if/elif/else to choose fortunes
• Base decisions on user’s answers
• Have at least 5 different fortune outcomes

4. Deliver the Fortune
• Include the user’s name in the fortune
• Make it feel personalized based on their answers
• Be creative and entertaining!

5. Offer Another Reading (Optional)
• Ask if they want another fortune
• Use a loop to repeat the experience
• Maybe give different fortunes on repeat visits?

8.6.2 Learning Requirements
Your implementation should: - [ ] Use only concepts from Chapters 1-5 - [ ] Include clear
comments explaining your logic - [ ] Follow the I→P→O pattern - [ ] Use meaningful
variable names - [ ] Show decision-making with if statements

8.7 Sample Interaction
Here’s how your program might work:

� Welcome to the Mystic Fortune Teller �
���������������������������������������

What is your name, seeker? Luna
Ah, Luna... interesting name.

Tell me, Luna, how old are you? 25
25 years of wisdom already...

What is your favourite color? purple
Purple! The color of mystery and magic...

Let me gaze into the crystal ball...
*The mists are clearing*

� LUNA, YOUR FORTUNE: �
Your purple aura shines bright! At 25, you stand
at a crossroads.
The crystal shows a creative opportunity
approaching within 7 days.
Trust your intuition when it arrives!
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Would you like another reading? (yes/no): no

May the stars guide your path, Luna!

8.8 Development Approach
8.8.1 Step 1: Start with Pseudocode
Write your logic in plain English:

1. Print mystical welcome
2. Get user's name
3. Get user's age
4. Get favourite color
5. If age < 20 and color is "blue":

Give fortune about calm waters ahead
6. Elif age < 20 and color is "red":

Give fortune about passionate adventures
7. [Continue with more conditions]
8. Ask if they want another reading
9. If yes, go back to step 2
10. If no, print farewell

8.8.2 Step 2: Implement One Feature at a Time
Don’t try to build everything at once: 1. Make the welcome and name work 2. Test
it thoroughly 3. Add age question and one fortune 4. Test again 5. Keep building
incrementally

8.8.3 Step 3: Test Your Edge Cases
What happens when: - [ ] Someone enters a very long name? - [ ] Someone says their age
is 999? - [ ] Someone types “BLUE” instead of “blue”? - [ ] Someone wants 10 fortunes
in a row?

8.9 Debugging Strategy
When something doesn’t work:

1. Identify: What exactly isn’t working?
2. Isolate: Comment out code until you find the problem
3. Understand: Ask AI to explain the error
4. Fix: Apply the fix step by step
5. Learn: What pattern will help avoid this?

8.10 Reflection Questions
After completing the project:
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1. Design Reflection
• Which questions created the most interesting fortunes?
• How did your final program differ from your design?
• What would you add with more programming knowledge?

2. AI Partnership Reflection
• Which AI prompts were most helpful?
• When did AI overcomplicate things?
• How did you simplify AI’s suggestions?

3. Learning Reflection
• Which concept was most useful (variables, if, loops)?
• What pattern emerged in your decision logic?
• How did expressions help build personalized messages?

8.11 Extension Challenges
If you finish early, try these:

8.11.1 Challenge 1: Fortune Categories
Instead of one fortune, give three insights: - Love/Friendship fortune - Career/School
fortune - Lucky number/color

8.11.2 Challenge 2: Fortune Memory
Use a variable to track previous fortunes and never give the same one twice in a session.

8.11.3 Challenge 3: Mystical Math
Use their age and the length of their name to calculate a “destiny number” that influences
the fortune.

8.11.4 Challenge 4: Time-Based Fortunes
Give different fortunes for morning/afternoon/evening (ask what time of day it is).

8.12 Submission Checklist
Before considering your project complete:

� Functionality: All requirements work correctly
� Interactivity: Asks at least 3 questions
� Decisions: Uses if/elif/else effectively
� Personalization: Fortunes use the user’s information
� Code Quality: Clear variable names and comments
� Design Document: Your initial plan is included
� Reflection: You’ve answered the reflection questions
� Testing: You’ve tried various inputs
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8.13 Common Pitfalls and How to Avoid Them
8.13.1 Pitfall 1: Starting with AI
Problem: Asking AI for a complete fortune teller Solution: Design your questions and
fortunes first, then implement

8.13.2 Pitfall 2: Too Complex Too Fast
Problem: Trying to add zodiac signs, tarot cards, etc. Solution: Get basic fortunes
working first, enhance later

8.13.3 Pitfall 3: Boring Fortunes
Problem: “You will be happy” is not engaging Solution: Use their answers creatively:
“Your love of blue suggests calm seas ahead…”

8.13.4 Pitfall 4: Forgetting User Experience
Problem: No atmosphere or personality Solution: Add mystical welcome messages,
dramatic pauses, emoji if desired

8.14 Project Learning Outcomes
By completing this project, you’ve learned: - How to combine multiple concepts into a
complete program - How to design before coding - How to make programs interactive
and personal - How to use decisions to create variety - How to guide AI to help without
taking over

8.15 Next Project Preview
Excellent work, fortune teller! Next, you’ll create a Mad Libs generator that tells hilarious
stories. You’ll learn more about string manipulation and creative uses of variables.

But for now, bask in the mystical glow of your first complete Python program! �
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Project: Mad Libs Generator

Exclamation Before You Start

Make sure you’ve completed: - All of Part I: Computational Thinking (Chapters
1-5) - The Fortune Teller project - Your Expression Toolkit
You should be comfortable with: - Getting input and storing in variables - Making
decisions with if statements - Using loops for repetition - Building text with
expressions

9.1 Project Overview
Mad Libs are hilarious fill-in-the-blank stories where players provide words without
knowing the story context. The result is usually absurd and entertaining! Your Mad
Libs generator will collect words from users, then reveal the complete silly story.

This project focuses on creative text manipulation, user input validation, and building
longer programs with multiple components.

9.2 The Problem to Solve
People want to create funny stories together! Your Mad Libs generator should: - Collect
specific types of words (nouns, adjectives, verbs, etc.) - Keep the story template secret
until the end - Substitute user words into the story - Create multiple story options for
variety - Be replayable and entertaining

9.3 Architect Your Solution First
Before writing any code or consulting AI, design your Mad Libs generator:

9.3.1 1. Understand the Problem
• How many words will you collect? (aim for 8-12)
• What types of words make stories funnier?
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• How will you explain word types to users?
• How can you create suspense before revealing the story?

9.3.2 2. Design Your Approach
Create a design document that includes: - [ ] Story template(s) with blanks for user
words - [ ] List of words to collect with clear descriptions - [ ] Order of word collection
(random vs story order) - [ ] How to make the reveal dramatic - [ ] Whether to offer
multiple stories or replay options

9.3.3 3. Identify Patterns
Which programming patterns will you use? - [ ] Input → Process → Output (collecting
words, building story) - [ ] Variables (storing each collected word) - [ ] Loops (collecting
multiple words or offering replay) - [ ] Decisions (choosing between stories or validating
input) - [ ] String expressions (building the final story)

9.4 Implementation Strategy
9.4.1 Phase 1: Core Functionality
Start with the absolute minimum: 1. Create one simple story template 2. Collect 3-4
words from user 3. Substitute words into story 4. Display the completed story 5. Test
that substitution works correctly

9.4.2 Phase 2: Enhancement
Once core works: 1. Add more words to make stories funnier 2. Add word type
explanations (“A noun is a person, place, or thing”) 3. Create 2-3 different story
templates 4. Add story selection (random or user choice) 5. Improve the presentation
and timing

9.4.3 Phase 3: Polish
If time allows: 1. Add input validation (no empty words) 2. Create a “story collection”
system 3. Let users play multiple rounds 4. Add dramatic pauses before the reveal 5.
Create themed story collections (adventure, romance, sci-fi)

9.5 AI Partnership Guidelines
9.5.1 Effective Prompts for This Project
� Good Learning Prompts:

"I'm building a Mad Libs generator. I need to
substitute user words into a story template.
What's the simplest way to replace placeholders in
a string with variables?"

"My Mad Libs asks for 8 words but feels
repetitive. Here's my current approach: [code].
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How can I use a loop to collect words more
efficiently?"

"I want to randomly choose between 3 different
story templates.
What's a simple way to pick one randomly using
concepts I know?"

� Avoid These Prompts: - “Write a complete Mad Libs program for me” - “Create 20
professional story templates” - “Add file saving and complex story management”

9.5.2 AI Learning Progression
1. Design Phase: Use AI to improve your stories

"I'm writing a Mad Libs story about going to
school.
What word types would make it funnier?"

2. Implementation Phase: Use AI for specific techniques

"I have variables: noun1, verb1, adjective1.
What's the clearest way to put them into a
story string?"

3. Debug Phase: Use AI to understand string issues

"My story has weird spacing when I substitute
words.
Here's my code: [code]. What's happening?"

4. Enhancement Phase: Use AI for variety

"How can I make my Mad Libs generator pick
randomly between
3 stories without complex code?"

9.6 Requirements Specification
9.6.1 Functional Requirements
Your Mad Libs generator must:

1. Collect User Words
• Ask for 6-10 different words
• Explain each word type clearly
• Store each word in a descriptive variable
• Give examples if needed (“Like: happy, silly, enormous”)

2. Build the Story
• Have at least one complete story template
• Substitute user words into the template
• Ensure proper spacing and punctuation
• Create a coherent (though silly) narrative
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3. Present Dramatically
• Build suspense before revealing
• Display the story clearly and entertainingly
• Make the user words stand out in the final story

4. Offer Variety (Choose One)
• Multiple story templates OR
• Ability to play again OR
• Different story themes

9.6.2 Learning Requirements
Your implementation should: - [ ] Use descriptive variable names for collected words - [ ]
Include at least one loop (for collection or replay) - [ ] Use if statements for choices or
validation - [ ] Demonstrate string manipulation with expressions - [ ] Include comments
explaining your story logic

9.7 Sample Interaction
Here’s how your program might work:

� Welcome to the Mad Libs Story Generator! �
�����������������������������������������������

Let's create a hilarious story together!
I'll ask for some words, then reveal the crazy
story.

First, I need an adjective (a describing word like
'silly' or 'enormous'): fluffy

Great! Now I need a noun (a person, place or
thing): elephant

Perfect! Now a verb (an action word like 'run' or
'dance'): wiggle

Excellent! I need another adjective: purple

Nice! Give me a place (like 'kitchen' or 'Mars'):
bathroom

Wonderful! One more noun: sandwich

Amazing! And finally, a number: 42

� AND NOW... YOUR HILARIOUS STORY! �

�����������������������������������������������
Last Tuesday, I saw a FLUFFY ELEPHANT trying to
WIGGLE
in the PURPLE BATHROOM! The elephant was holding a
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SANDWICH and counting to 42. Everyone laughed when
the elephant started to WIGGLE even faster!
�����������������������������������������������

� Hope that made you laugh! �

Want to create another story? (yes/no): no

Thanks for playing Mad Libs!

9.8 Development Approach

9.8.1 Step 1: Start with One Story
Create your story template first:

# Story template with placeholders
story = f"Last Tuesday, I saw a {adjective1}
{noun1} trying to {verb1}..."

9.8.2 Step 2: Plan Your Word Collection
List all the words you need:

# Plan your variables
adjective1 = input("Give me an adjective: ")
noun1 = input("Give me a noun: ")
verb1 = input("Give me a verb: ")
# ... etc

9.8.3 Step 3: Test Early and Often
Get the basic story working before adding complexity: 1. Collect 3 words manually 2.
Build and display the story 3. Check spacing and punctuation 4. Only then add more
words

9.8.4 Step 4: Add User Experience
Once the mechanics work: - Add clear explanations for word types - Create suspense
before the reveal - Make the final story visually appealing

9.9 Creative Story Ideas

9.9.1 Adventure Theme
“Today I went on a [adjective] adventure to [place]. I brought my [noun] and my [adjective]
[noun]. When I got there, I had to [verb] across the [adjective] [noun]. Suddenly, a
[adjective] [animal] appeared and started to [verb]!”
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9.9.2 School Theme
“My [adjective] teacher asked us to [verb] our [noun] for homework. I spent [number]
hours working on it in the [place]. My [adjective] friend helped me [verb] the [adjective]
parts.”

9.9.3 Food Theme
“Yesterday I cooked a [adjective] [food] in my [place]. I added [number] cups of [adjective]
[ingredient] and mixed it with a [adjective] [utensil]. The result was so [adjective] that
my [noun] started to [verb]!”

9.10 Debugging Strategy
Common Mad Libs issues and solutions:

9.10.1 Spacing Problems

# Problem: "I saw afluffy elephant"
story = f"I saw a{adjective} elephant"

# Solution: Check your spaces!
story = f"I saw a {adjective} elephant"

9.10.2 Variable Name Confusion

# Problem: Using unclear names
thing1 = input("Adjective: ")
thing2 = input("Noun: ")

# Solution: Descriptive names
size_adjective = input("Adjective for size: ")
animal_noun = input("Name an animal: ")

9.10.3 Template Formatting

# Problem: Hard to read template
story = f"I{verb1}to{place}with{noun1}"

# Solution: Break it up or add spaces
story = f"I {verb1} to {place} with my {noun1}"

9.11 Reflection Questions
After completing the project:

1. Story Reflection
• Which word combinations created the funniest results?
• How did you decide on the story structure?
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• What made the reveal more dramatic?
2. Technical Reflection

• How did string manipulation work differently than expected?
• What was challenging about collecting multiple inputs?
• How did variables help organise the word collection?

3. AI Partnership Reflection
• What prompts helped improve your stories?
• How did AI help with string formatting issues?
• When did you simplify AI’s suggestions?

9.12 Extension Challenges
If you finish early, try these:

9.12.1 Challenge 1: Story Themes
Create 3 themed story collections: - Adventure stories - Silly school stories
- Fantasy tales

9.12.2 Challenge 2: Smart Word Collection
Use a loop to collect words from a list:

word_types = ["adjective", "noun", "verb",
"place", "number"]
# Collect each type in a loop

9.12.3 Challenge 3: Story Rating
After showing the story, ask users to rate it 1-10 and keep track of the average rating.

9.12.4 Challenge 4: Mad Libs Editor
Let users create their own story templates by providing a story with blanks, then the
program collects the right words.

9.13 Submission Checklist
Before considering your project complete:

� Story Quality: Template creates funny, coherent stories
� Word Collection: Asks for 6+ words with clear explanations
� Text Manipulation: Successfully substitutes words into template
� User Experience: Dramatic presentation and clear instructions
� Code organisation: Descriptive variables and clear structure
� Testing: Tried with various word combinations
� Enhancement: Added at least one extra feature (replay, multiple stories, etc.)
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9.14 Common Pitfalls and How to Avoid Them
9.14.1 Pitfall 1: Confusing Word Types
Problem: Users don’t understand “adjective” or “verb” Solution: Give examples and
explanations: “An adjective describes something, like ‘funny’ or ‘huge’ ”

9.14.2 Pitfall 2: Boring Stories
Problem: Templates don’t create funny results Solution: Test your template with silly
words first, revise for maximum humor

9.14.3 Pitfall 3: Technical Before Creative
Problem: Focusing on complex features before good stories Solution: Get one hilarious
story working first, then add features

9.14.4 Pitfall 4: Poor Presentation
Problem: Story revelation feels flat Solution: Add suspense, formatting, and enthusi-
asm to the reveal

9.15 Project Learning Outcomes
By completing this project, you’ve learned: - How to manipulate strings creatively
with expressions - How to collect and organise multiple related inputs - How to build
longer programs with clear structure - How to balance technical functionality with user
experience - How to debug string formatting and spacing issues

9.16 Next Project Preview
Fantastic storytelling! Next, you’ll create a Number Guessing Game that introduces
strategic thinking and game logic. You’ll learn about random numbers and creating
engaging gameplay loops.

Your Mad Libs generator shows you can combine multiple concepts to create genuinely
entertaining programs! �



Chapter 10

Project: Number Guessing
Game

Exclamation Before You Start

Make sure you’ve completed: - All of Part I: Computational Thinking (Chapters
1-5) - The Fortune Teller project - The Mad Libs Generator project
You should be comfortable with: - Using loops to repeat actions - Making complex
decisions with if/elif/else - Handling user input and validation - Building interactive
experiences

10.1 Project Overview
Number guessing games are classic programming challenges that combine strategy,
feedback, and game design. Your program will pick a secret number, then guide players
through guesses using hints until they win.

This project focuses on game logic, user feedback systems, and creating engaging challenge
loops that keep players motivated.

10.2 The Problem to Solve
Players want an engaging guessing challenge! Your game should: - Generate unpredictable
secret numbers - Provide helpful feedback on each guess - Track and limit attempts to
create urgency - Celebrate victories and handle defeats gracefully - Be replayable with
varying difficulty

10.3 Architect Your Solution First
Before writing any code or consulting AI, design your guessing game:
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10.3.1 1. Understand the Problem
• What number range will you use? (1-10, 1-100, 1-1000?)
• How many guesses should players get?
• What feedback helps without making it too easy?
• How do you make it exciting rather than frustrating?

10.3.2 2. Design Your Approach
Create a design document that includes: - [ ] Number range and difficulty levels - [ ]
Maximum attempts allowed - [ ] Feedback system (higher/lower, hot/cold, etc.) - [ ]
Win and lose scenarios - [ ] Replay mechanism - [ ] Any special features (hints, difficulty
adjustment)

10.3.3 3. Identify Patterns
Which programming patterns will you use? - [ ] Loops (main game loop, input validation)
- [ ] Decisions (checking guesses, providing feedback) - [ ] Variables (secret number,
attempts, player input) - [ ] Expressions (comparisons, calculations) - [ ] Input validation
(handling bad input)

10.4 Implementation Strategy
10.4.1 Phase 1: Core Game Mechanics
Start with the absolute minimum: 1. Generate a secret number (1-10) 2. Let player
guess once 3. Tell them if they’re right or wrong 4. Test that comparison logic works 5.
Add basic higher/lower feedback

10.4.2 Phase 2: Game Loop
Once basic mechanics work: 1. Add a loop to allow multiple guesses 2. Track number of
attempts 3. Set maximum attempts limit 4. Add win/lose conditions 5. Display attempt
counter

10.4.3 Phase 3: Enhanced Experience
If time allows: 1. Improve feedback system (getting closer/further) 2. Add difficulty levels
3. Track statistics (games played, win percentage) 4. Add celebration and encouragement
5. Create replay system

10.5 AI Partnership Guidelines
10.5.1 Effective Prompts for This Project
� Good Learning Prompts:

"I'm building a number guessing game. I need to
generate a random number between 1 and 100.
What's the simplest way to do this in Python?"
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"My guessing game works but feels repetitive.
Here's my feedback system: [code].
How can I make the hints more interesting without
making it too easy?"

"I want to limit players to 7 guesses. How do I
track attempts and stop the game
when they run out, using concepts I already know?"

� Avoid These Prompts: - “Write a complete number guessing game for me” - “Add AI
opponent and machine learning” - “Create a graphical interface with advanced features”

10.5.2 AI Learning Progression
1. Design Phase: Use AI to validate game balance

"For a number guessing game with range 1-100,
how many guesses
is fair? What makes it challenging but not
frustrating?"

2. Implementation Phase: Use AI for specific mechanics

"I need to check if the player's guess is
higher, lower, or equal
to the secret number. What's the clearest if
statement structure?"

3. Debug Phase: Use AI to understand logic errors

"My game sometimes says 'higher' when the guess
is already correct.
Here's my code: [code]. What's wrong with my
logic?"

4. Enhancement Phase: Use AI for game feel

"How can I make victory feel more rewarding and
defeat less discouraging
in my number guessing game?"

10.6 Requirements Specification
10.6.1 Functional Requirements
Your guessing game must:

1. Generate Secret Numbers
• Pick a random number in the chosen range
• Keep it secret from the player
• Use a different number each game

2. Accept and Process Guesses
• Get numeric input from player
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• Handle invalid input gracefully
• Track total number of attempts

3. Provide Strategic Feedback
• Tell player if guess is too high or too low
• Show remaining attempts
• Give encouraging messages

4. Manage Game Flow
• Continue until player wins or runs out of attempts
• Declare victory or defeat appropriately
• Reveal the secret number when game ends

5. Offer Replay Value
• Ask if player wants to play again
• Start fresh game with new secret number
• Maybe track overall statistics

10.6.2 Learning Requirements
Your implementation should: - [ ] Use a while loop for the main game - [ ] Include
if/elif/else for guess evaluation - [ ] Handle invalid input without crashing - [ ] Use
meaningful variable names - [ ] Include comments explaining game logic

10.7 Sample Interaction
Here’s how your game might work:

� Welcome to the Number Guessing Game! �
�������������������������������������������

I'm thinking of a number between 1 and 100.
You have 7 attempts to guess it. Good luck!

Attempt 1/7
Enter your guess: 50
� Too high! Try a smaller number.

Attempt 2/7
Enter your guess: 25
� Too low! Try a bigger number.

Attempt 3/7
Enter your guess: 35
� Too high! You're getting warmer...

Attempt 4/7
Enter your guess: 30
� Too low! So close!

Attempt 5/7
Enter your guess: 32
� Too high! Almost there!
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Attempt 6/7
Enter your guess: 31
� CONGRATULATIONS! �

You guessed it! The number was 31.
You won in 6 attempts - excellent work!

� Play again? (yes/no): yes

� New game starting! �
I'm thinking of a new number between 1 and 100...

10.8 Development Approach

10.8.1 Step 1: Start with Random Numbers
First, learn how to generate random numbers:

# Ask AI: "How do I generate a random number
between 1 and 10 in Python?"
import random
secret = random.randint(1, 10)

10.8.2 Step 2: Build the Comparison Logic
Test your guess-checking logic:

# Test with a known secret number first
secret = 42
guess = int(input("Guess: "))
if guess == secret:

print("Correct!")
elif guess > secret:

print("Too high!")
else:

print("Too low!")

10.8.3 Step 3: Add the Game Loop
Once comparison works, add repetition:

attempts = 0
max_attempts = 7
won = False

while attempts < max_attempts and not won:
# Your guessing logic here
attempts += 1
# Check if they won
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10.8.4 Step 4: Polish the Experience
Add encouragement, formatting, and replay features.

10.9 Game Design Considerations
10.9.1 Difficulty Balance
Easy Mode (1-20, 6 guesses): - Good for beginners - Quick games - High success rate

Medium Mode (1-100, 7 guesses): - Classic balance - Requires strategy - Reasonable
challenge

Hard Mode (1-1000, 10 guesses): - For experienced players - Needs mathematical
thinking - High stakes

10.9.2 Feedback Systems
Basic Feedback: - “Too high” / “Too low” - Simple and clear

Enhanced Feedback: - “Way too high” vs “A little high” - “Getting warmer” /
“Getting colder” - Distance hints

Encouraging Messages: - “Great strategy!” - “You’re really close!” - “Nice logical
thinking!”

10.10 Debugging Strategy
Common issues and solutions:

10.10.1 Input Validation

# Problem: Crashes on non-numeric input
guess = int(input("Guess: ")) # Crashes on
"hello"

# Solution: Handle gracefully
try:

guess = int(input("Guess: "))
except ValueError:

print("Please enter a number!")
continue

10.10.2 Loop Logic

# Problem: Infinite loops
while True: # Never ends!

# game logic

# Solution: Clear exit conditions
while attempts < max_attempts and not won:

# game logic with proper win/lose checks
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10.10.3 Random Number Issues

# Problem: Same number every time
secret = 42 # Always the same!

# Solution: Use random
import random
secret = random.randint(1, 100) # Different each
time

10.11 Reflection Questions
After completing the project:

1. Game Design Reflection
• What number range and attempt limit felt most balanced?
• Which feedback messages were most helpful?
• How did you handle player frustration vs. challenge?

2. Programming Reflection
• How did loops change the feel of your program?
• What was challenging about managing game state?
• How did you handle edge cases and invalid input?

3. AI Partnership Reflection
• What random number concepts did AI help explain?
• How did AI help with game balance decisions?
• When did you simplify AI’s complex suggestions?

10.12 Extension Challenges
If you finish early, try these:

10.12.1 Challenge 1: Difficulty Levels
Let players choose easy (1-20), medium (1-100), or hard (1-1000) with appropriate
attempt limits.

10.12.2 Challenge 2: Smart Hints
Provide distance-based feedback: - “Ice cold” (more than 50 away) - “Cold” (25-50 away)
- “Warm” (10-25 away) - “Hot” (5-10 away) - “Burning!” (1-5 away)

10.12.3 Challenge 3: Statistics Tracking
Track across multiple games: - Games played - Games won - Average attempts to win -
Best game (fewest attempts)
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10.12.4 Challenge 4: Strategy Tips
After each game, suggest strategy improvements: - “Try starting with 50 to divide the
range in half” - “Great binary search approach!” - “Consider the mathematical approach
next time”

10.13 Submission Checklist
Before considering your project complete:

� Core Gameplay: Random number, guessing loop, win/lose conditions
� Feedback System: Clear higher/lower guidance
� Attempt Management: Limited tries with counter display
� Input Handling: Graceful handling of invalid input
� User Experience: Encouraging messages and clear interface
� Replay Feature: Option to play multiple games
� Code Quality: Clear logic and meaningful variable names

10.14 Common Pitfalls and How to Avoid Them
10.14.1 Pitfall 1: Poor Game Balance
Problem: Too easy (1-10, unlimited tries) or too hard (1-1000, 3 tries) Solution: Test
with friends, aim for 50-70% win rate

10.14.2 Pitfall 2: Confusing Feedback
Problem: Inconsistent or unclear messages Solution: Use consistent terminology, test
with fresh players

10.14.3 Pitfall 3: Technical Before Fun
Problem: Focusing on perfect code before enjoyable gameplay Solution: Get the basic
game fun first, then improve code

10.14.4 Pitfall 4: Ignoring Edge Cases
Problem: Crashes on unexpected input Solution: Test with letters, negative numbers,
huge numbers

10.15 Project Learning Outcomes
By completing this project, you’ve learned: - How to create engaging game loops with
clear objectives - How to generate and use random numbers in programs - How to manage
complex program state (attempts, win conditions) - How to provide meaningful feedback
that guides user behaviour - How to balance challenge and fairness in interactive systems

10.16 Next Project Preview
Excellent gaming! Next, you’ll create the classic Rock Paper Scissors game, which
introduces competitive logic and multiple-round gameplay. You’ll learn about handling
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ties, tournament systems, and creating AI opponents.

Your number guessing game shows you can create genuinely engaging interactive experi-
ences! �
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Chapter 11

Project: Rock Paper Scissors

Exclamation Before You Start

Make sure you’ve completed: - All of Part I: Computational Thinking (Chapters
1-5) - The Fortune Teller project - The Mad Libs Generator project - The Number
Guessing Game project
You should be comfortable with: - Creating complex decision logic with if/elif/else
- Using loops for multi-round gameplay - Handling user input and validation -
Managing game state and scoring

11.1 Project Overview
Rock Paper Scissors is the ultimate strategy game that combines simple rules with
complex psychology. Your digital version will face players against the computer in epic
battles of wit and chance.

This project focuses on competitive game logic, multi-round tournaments, and creating
AI opponents that feel challenging but fair.

11.2 The Problem to Solve
Players want an engaging competitive experience! Your game should: - Implement the
classic Rock Paper Scissors rules correctly - Create a computer opponent that makes
interesting choices - Track scores across multiple rounds - Handle ties and edge cases
gracefully - Provide tournament-style gameplay with clear winners

11.3 Architect Your Solution First
Before writing any code or consulting AI, design your Rock Paper Scissors game:

11.3.1 1. Understand the Problem
• How will players input their choice? (text, numbers, etc.)
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• How should the computer choose? (random, patterns, strategy?)
• How many rounds make a good game? (best of 3, 5, 7?)
• What makes victory feel satisfying?

11.3.2 2. Design Your Approach
Create a design document that includes: - [ ] Player input method and validation - [ ]
Computer choice algorithm
- [ ] Win/lose/tie logic for single rounds - [ ] Multi-round tournament structure - [ ] Score
tracking and display - [ ] End-game celebration and summary

11.3.3 3. Identify Patterns
Which programming patterns will you use? - [ ] Decisions (determining round winners) -
[ ] Loops (multi-round gameplay) - [ ] Variables (player/computer choices, scores) - [ ]
Input validation (handling invalid choices) - [ ] Random selection (computer choices)

11.4 Implementation Strategy
11.4.1 Phase 1: Single Round Mechanics
Start with the absolute minimum: 1. Get player choice (rock, paper, or scissors) 2.
Generate computer choice 3. Determine winner of single round 4. Display result clearly
5. Test all 9 possible combinations

11.4.2 Phase 2: Multi-Round Tournament
Once single rounds work perfectly: 1. Add score tracking for player and computer
2. Create a loop for multiple rounds 3. Add round numbering and status display 4.
Implement tournament winner determination 5. Add game summary at the end

11.4.3 Phase 3: Enhanced Experience
If time allows: 1. Improve computer AI (maybe patterns or adaptation) 2. Add
different tournament formats 3. Track statistics across multiple games 4. Add dramatic
presentation and animations 5. Create difficulty levels or game modes

11.5 AI Partnership Guidelines
11.5.1 Effective Prompts for This Project
� Good Learning Prompts:

"I'm building Rock Paper Scissors. I need to check
all combinations:
rock beats scissors, scissors beats paper, paper
beats rock.
What's the clearest if statement structure for
this?"
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"My Rock Paper Scissors works for one round but I
want best-of-5 tournament.
How do I track wins and determine when someone
reaches 3 victories?"

"I want my computer opponent to choose randomly
between rock, paper, scissors.
What's the simplest way to pick randomly from a
list of options?"

� Avoid These Prompts: - “Write a complete Rock Paper Scissors game with AI”
- “Create machine learning opponent that adapts to player patterns” - “Add network
multiplayer and advanced tournament brackets”

11.5.2 AI Learning Progression
1. Design Phase: Use AI to verify game rules

"In Rock Paper Scissors, what beats what? I
want to make sure
I have all the winning combinations correct."

2. Implementation Phase: Use AI for decision logic

"I have player_choice and computer_choice
variables.
What's the most readable way to determine who
wins the round?"

3. Debug Phase: Use AI to find logic errors

"My game sometimes declares the wrong winner.
Here's my winning logic: [code].
Can you spot what's wrong?"

4. Enhancement Phase: Use AI for tournament features

"How can I make my Rock Paper Scissors
tournament more exciting
without adding complexity?"

11.6 Requirements Specification
11.6.1 Functional Requirements
Your Rock Paper Scissors game must:

1. Accept Player Input
• Allow players to choose rock, paper, or scissors
• Handle variations in input (uppercase, full words, abbreviations)
• Validate input and ask again for invalid choices
• Display available options clearly

2. Generate Computer Choices
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• Pick rock, paper, or scissors fairly
• Use random selection for unpredictability
• Display computer’s choice clearly

3. Determine Round Winners
• Implement correct Rock Paper Scissors rules
• Handle all 9 possible combinations
• Correctly identify ties
• Display round results clearly

4. Manage Tournament Play
• Track wins for both player and computer
• Continue until one side reaches target wins
• Display running score after each round
• Declare overall tournament winner

5. Provide Great Experience
• Show clear instructions
• Celebrate victories and acknowledge defeats
• Offer to play again
• Display final statistics

11.6.2 Learning Requirements
Your implementation should: - [ ] Use clear if/elif/else logic for winner determination - [
] Include a loop for multi-round play - [ ] Handle input validation without crashing - [ ]
Use meaningful variable names throughout - [ ] Include comments explaining game logic

11.7 Sample Interaction
Here’s how your game might work:

��� ROCK PAPER SCISSORS TOURNAMENT � ��
���������������������������������������������������

Welcome to the ultimate battle of wits!
Best of 5 rounds - first to 3 wins takes the
trophy!

���������������������������������������������������
ROUND 1 [Player: 0 |
Computer: 0]

Choose your weapon:
(R)ock (P)aper (S)cissors (or type full word)
Your choice: rock

� You chose: ROCK
� Computer thinking...
� Computer chose: PAPER

� Paper covers Rock!
� Computer wins this round!
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���������������������������������������������������
ROUND 2 [Player: 0 |
Computer: 1]

Choose your weapon:
(R)ock (P)aper (S)cissors (or type full word)
Your choice: s

� You chose: SCISSORS
� Computer thinking...
� Computer chose: ROCK

� Rock crushes Scissors!
� Computer wins this round!

���������������������������������������������������
ROUND 3 [Player: 0 |
Computer: 2]

� CRITICAL ROUND! Computer needs only 1 more win!
� 

Choose your weapon:
(R)ock (P)aper (S)cissors (or type full word)
Your choice: paper

� You chose: PAPER
� Computer thinking...
� Computer chose: ROCK

� Paper covers Rock!
� You win this round!

���������������������������������������������������
TOURNAMENT FINAL RESULT
���������������������������������������������������

� COMPUTER WINS THE TOURNAMENT! �
Final Score: Player 1 - Computer 3

Computer's victory speech: "I calculated all
possibilities! �"

Tournament Statistics:
- Rounds played: 4
- Your wins: 1 (25%)
- Computer wins: 3 (75%)
- Ties: 0 (0%)

� Play another tournament? (yes/no): no
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Thanks for playing! May the odds be ever in your
favour! �

11.8 Development Approach
11.8.1 Step 1: Master the Rules
Start by getting single-round logic perfect:

# Test every combination manually first
def determine_winner(player, computer):

if player == computer:
return "tie"

elif (player == "rock" and computer ==
"scissors") or \

(player == "scissors" and computer ==
"paper") or \
(player == "paper" and computer ==
"rock"):

return "player"
else:

return "computer"

11.8.2 Step 2: Handle Input Creatively
Allow flexible input:

# Let players type various forms
choice = input("Your choice: ").lower().strip()
if choice in ["r", "rock"]:

player_choice = "rock"
elif choice in ["p", "paper"]:

player_choice = "paper"
elif choice in ["s", "scissors"]:

player_choice = "scissors"
else:

print("Invalid choice! Try again.")

11.8.3 Step 3: Build Tournament Structure
Track progress through multiple rounds:

player_wins = 0
computer_wins = 0
rounds_to_win = 3

while player_wins < rounds_to_win and
computer_wins < rounds_to_win:

# Play one round
# Update win counters
# Display progress
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11.8.4 Step 4: Add Personality
Make the computer feel like a real opponent: - Dramatic pauses before revealing choice
- Victory celebrations and defeat acknowledgments - Trash talk and encouragement -
Different “personalities” for the computer

11.9 Game Design Considerations
11.9.1 Tournament Formats
Quick Play (Best of 3): - Fast games - Less strategy development - Good for casual
play

Classic Tournament (Best of 5): - Balanced length - Allows for comeback strategies
- Standard competitive format

Marathon (Best of 7): - Extended gameplay - Pattern recognition becomes important
- High-stakes finale

11.9.2 Computer AI Strategies
Pure Random: - Completely unpredictable - Fair but can feel repetitive - Good for
beginners

Weighted Random: - Slight preferences for certain choices - Feels more human-like -
Still fundamentally fair

Anti-Pattern (Advanced): - Remembers player’s recent choices - Tries to counter
common patterns - Creates adaptive challenge

11.10 Debugging Strategy
Common issues and solutions:

11.10.1 Logic Errors

# Problem: Wrong winner determination
if player == "rock" and computer == "paper":

return "player" # Wrong! Paper beats rock

# Solution: Double-check each rule
if player == "rock" and computer == "scissors":

return "player" # Correct! Rock beats
scissors

11.10.2 Input Handling

# Problem: Case sensitivity
if choice == "Rock": # Fails if user types "rock"

# Solution: Normalize input
if choice.lower() == "rock": # Works for any case
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11.10.3 Tournament Logic

# Problem: Game never ends
while player_wins != 3: # What if computer wins?

# Solution: Clear exit conditions
while player_wins < 3 and computer_wins < 3: #
Proper tournament end

11.11 Reflection Questions
After completing the project:

1. Game Design Reflection
• What tournament length felt most engaging?
• How did you balance fairness with challenge?
• What made victories feel most satisfying?

2. Logic Reflection
• Which part of the winner determination was trickiest?
• How did you handle the complexity of multiple win conditions?
• What input validation challenges did you encounter?

3. AI Partnership Reflection
• How did AI help with the game rule logic?
• What prompts were most helpful for debugging?
• When did you choose simpler solutions over AI suggestions?

11.12 Extension Challenges
If you finish early, try these:

11.12.1 Challenge 1: Rock Paper Scissors Lizard Spock
Implement the extended version from “The Big Bang Theory”: - Rock crushes Lizard and
Scissors - Paper covers Rock and disproves Spock - Scissors cuts Paper and decapitates
Lizard - Lizard poisons Spock and eats Paper - Spock smashes Scissors and vaporizes
Rock

11.12.2 Challenge 2: Tournament Brackets
Create a system where the player faces multiple computer opponents in succession,
advancing through brackets.

11.12.3 Challenge 3: Adaptive AI
Make the computer track the player’s choice patterns and gradually adapt its strategy.
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11.12.4 Challenge 4: Team Tournament
Allow the player to recruit AI teammates and face off against computer teams.

11.13 Submission Checklist
Before considering your project complete:

� Rule Implementation: All 9 combinations work correctly
� Input Handling: Accepts various input formats gracefully
� Tournament Structure: Proper win tracking and game end conditions
� User Experience: Clear display of choices, scores, and results
� Computer Opponent: Fair and unpredictable choice generation
� Edge Cases: Handles ties, invalid input, and unexpected situations
� Code Quality: Clear logic flow and meaningful variable names

11.14 Common Pitfalls and How to Avoid Them
11.14.1 Pitfall 1: Incomplete Rule Testing
Problem: Missing edge cases in winner determination Solution: Test all 9 possible
combinations systematically

11.14.2 Pitfall 2: Poor Input Validation
Problem: Game crashes on unexpected input Solution: Handle all input gracefully,
offer clear guidance

11.14.3 Pitfall 3: Confusing Score Display
Problem: Players lose track of tournament progress Solution: Clear, consistent score
display after every round

11.14.4 Pitfall 4: Predictable Computer
Problem: Computer choices follow detectable patterns Solution: Use proper random
selection, test for fairness

11.15 Project Learning Outcomes
By completing this project, you’ve learned: - How to implement complex conditional
logic with multiple cases - How to create fair and engaging competitive gameplay - How
to manage multi-round game state and scoring - How to handle user input validation
robustly - How to balance randomness with predictable rules

11.16 Part I Complete! �
Congratulations! You’ve just completed Part I: Computational Thinking. You now have:

� Fundamental Concepts: Input/Output, Variables, Decisions, Loops � Expression
Toolkit: Understanding operators as tools for exploration � Four Complete Projects:



112 Chapter 11. Project: Rock Paper Scissors

Each building on previous concepts � AI Partnership Skills: How to design first, then
implement with AI help

You’re now ready for Part II: Building Systems, where you’ll learn to break complex
problems into manageable pieces and create more sophisticated programs.

Your Rock Paper Scissors game demonstrates you can create engaging, interactive
experiences with solid game logic - the hallmark of a true programmer! ��� 



Part III

Building Systems
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Chapter 12

Creating Your Own
Commands: Functions

12.1 The Concept First
Imagine if every time you wanted to make coffee, you had to remember and repeat every
single step: measure water, grind beans, heat water to 195°F, pour in circles for 30
seconds… It would be exhausting!

Instead, we create a shortcut: “make coffee” - and all those steps happen automatically.

Functions are programming’s shortcuts. They package multiple steps into a single,
reusable command that you create and name yourself.

12.2 Understanding Through Real Life
12.2.1 We Use Functions Constantly
Think about everyday “functions”: - “Do the dishes” → rinse, soap, scrub, rinse again,
dry - “Get ready for school” → shower, dress, eat breakfast, pack bag - “Send a
text” → open app, select contact, type message, press send - “Make a sandwich” →
get ingredients, assemble, cut, serve

Each phrase represents a collection of steps we’ve grouped together and named.

12.2.2 The Power of Naming
When you say “make breakfast,” everyone understands the general idea, but the specific
steps might vary: - For you: cereal and milk - For someone else: eggs and toast - For
another: smoothie and fruit

Functions work the same way - same name, but the details can change based on inputs.

12.2.3 Functions Save Time and Reduce Errors
Compare: - Giving turn-by-turn directions every time vs. saying “go to the usual place”
- Explaining how to tie shoes every morning vs. saying “tie your shoes” - Writing your
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full address repeatedly vs. saying “my home address”

Functions prevent repetition and ensure consistency.

12.3 Discovering Functions with Your AI Partner
Let’s explore how functions transform programming.

12.3.1 Exploration 1: Finding Repetition
Ask your AI:

Show me a program that greets 5 different people
without using functions.
Then show me how it looks with a function.

Notice how the function eliminates repetition?

12.3.2 Exploration 2: The Power of Parameters
Try this prompt:

Explain how a coffee-making function might work
differently based on inputs
like "espresso" vs "latte" vs "cappuccino"

This shows how functions adapt based on what you give them.

12.3.3 Exploration 3: Building Blocks
Ask:

How do functions help us build larger programs?
Use a cooking app as an example.

You’ll see how complex programs are just collections of simpler functions.

12.4 From Concept to Code
Let’s see how Python lets us create our own commands.

12.4.1 The Simplest Function
Ask your AI:

Show me the absolute simplest Python function that
just prints "Hello".
No parameters, no complexity.

You’ll get something like:

def greet():
print("Hello!")



12.5. Mental Model Building 117

# Using our new command
greet() # Prints: Hello!

That’s it! def creates a function, you name it, and indent what it does.

12.4.2 Functions with Inputs
Functions become powerful when they accept inputs:

def greet_person(name):
print(f"Hello, {name}!")

greet_person("Alice") # Prints: Hello, Alice!
greet_person("Bob") # Prints: Hello, Bob!

The function adapts based on what you give it!

12.5 Mental Model Building

12.5.1 Model 1: The Recipe Card

Recipe: Make Greeting
Ingredients needed: [name]
Steps:
1. Take the name given
2. Add "Hello, " before it
3. Add "!" after it
4. Display the result

12.5.2 Model 2: The Machine

[name] → � GREET � → "Hello, [name]!"
�MACHINE �
����������

12.5.3 Model 3: The Shortcut

Instead of:
print("Hello, Alice!")
print("Hello, Bob!")
print("Hello, Charlie!")

We create:
greet("Alice")
greet("Bob")
greet("Charlie")
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12.6 Prompt Evolution Exercise
Let’s practice getting the right function examples from AI.

12.6.1 Round 1: Too Vague

show me functions

You’ll get complex examples with returns, multiple parameters, and advanced features!

12.6.2 Round 2: More Specific

show me simple Python functions for beginners

Better, but might still include concepts you haven’t learned.

12.6.3 Round 3: Learning-Focused

I'm learning to create my own commands in Python.
Show me a simple function
that combines greeting and farewell messages.

Perfect for understanding!

12.6.4 Round 4: Building Understanding

Using that function, show me how calling it
multiple times saves code

This demonstrates the value of functions.

12.7 Common AI Complications
When you ask AI about functions, it often gives you:

def calculate_statistics(data_list,
operations=['mean', 'median', 'mode'],

precision=2,
output_format='dict'):

"""Calculate various statistics on a
dataset."""
import statistics
import numpy as np

results = {}

for operation in operations:
if operation == 'mean':

results[operation] =
round(statistics.mean(data_list),
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precision)
elif operation == 'median':

results[operation] =
round(statistics.median(data_list),
precision)

elif operation == 'mode':
try:

results[operation] =
statistics.mode(data_list)

except statistics.StatisticsError:
results[operation] = None

if output_format == 'dict':
return results

elif output_format == 'list':
return list(results.values())

else:
return tuple(results.values())

# Usage
data = [1, 2, 3, 4, 5, 5, 6]
stats = calculate_statistics(data, ['mean',
'mode'], precision=3)
print(f"Statistics: {stats}")

Default parameters! Imports! Error handling! Return values! Documentation! This is a
Swiss Army knife when you need a butter knife.

12.8 The Learning Approach
Build understanding step by step:

12.8.1 Level 1: Simple Actions

# Functions that do one thing
def say_hello():

print("Hello there!")

def say_goodbye():
print("See you later!")

# Use them
say_hello()
say_goodbye()

12.8.2 Level 2: Functions with Input

# Functions that adapt based on input
def greet(name):
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print(f"Welcome, {name}!")

def farewell(name):
print(f"Goodbye, {name}!")

# Use with different inputs
greet("Maria")
farewell("Carlos")

12.8.3 Level 3: Functions that Calculate
# Functions that process and return values
def double(number):

result = number * 2
return result

def add_exclamation(text):
excited = text + "!"
return excited

# Use the returned values
big = double(5)
print(big) # 10

shout = add_exclamation("Hello")
print(shout) # Hello!

12.8.4 Level 4: Functions Using Functions
# Functions can use other functions!
def greet_loudly(name):

greeting = f"Hello, {name}"
loud_greeting = add_exclamation(greeting)
print(loud_greeting)

greet_loudly("Kim") # Hello, Kim!

INFO Expression Explorer: Return Values

The return statement sends a value back from the function: - Without return:
Function does its job but gives nothing back - With return: Function produces a
value you can use - Like the difference between “do the dishes” (action) vs “what’s
the temperature?” (returns info)
Ask AI: “Show me the difference between functions that print vs functions that
return”
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12.9 Exercises
Exercise 6.1: Concept Recognition

12.9.1 Identifying Function Opportunities
Look at this repetitive code and identify what could become functions:

print("="*40)
print("WELCOME TO THE GAME")
print("="*40)

name1 = input("Player 1 name: ")
print(f"Welcome, {name1}!")

name2 = input("Player 2 name: ")
print(f"Welcome, {name2}!")

print("="*40)
print("GAME OVER")
print("="*40)

Check Your Analysis

Function opportunities: - Banner display (the =’s with text) - Player welcome (get name
and greet) - Any repeated pattern is a function candidate!

Exercise 6.2: Prompt Engineering

12.9.2 Getting Function Examples
Start with: “temperature converter”

Evolve this prompt to get AI to show you: 1. A function that converts Celsius to
Fahrenheit 2. Accepts temperature as input 3. Returns the converted value 4. Keep it
simple (no error handling)

Document your prompt evolution.

Effective Final Prompt

“Show me a simple Python function that: 1. Takes a Celsius temperature as input 2.
Converts it to Fahrenheit
3. Returns the result No error handling or extra features, just the basic conversion
function”

Exercise 6.3: Pattern Matching

12.9.3 Finding Hidden Functions
Ask AI for a “professional menu system”. In the complex code: 1. Identify all the
functions 2. Determine what each function does 3. Rewrite using 3-4 simple functions

Core Functions to Extract
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Essential functions might be: - display_menu() - Shows options - get_choice() - Gets
user selection - process_choice(choice) - Handles the selection - say_goodbye() -
Exit message

Everything else is probably AI overengineering!

Exercise 6.4: Build a Model

12.9.4 Visualizing Function Flow
Create three different models showing how functions work: 1. A diagram showing data
flow through a function 2. An analogy using a vending machine 3. A before/after
comparison of code with and without functions

Share your models to explain functions to someone.

Exercise 6.5: Architect First

12.9.5 Design Function-Based Programs
Design these programs using functions:

1. Greeting System
• Functions needed: formal_greeting(), casual_greeting(), goodbye()
• Each takes a name and creates appropriate message

2. Calculator
• Functions needed: add(), subtract(), multiply(), divide()
• Each takes two numbers and returns result

3. Game Utilities
• Functions needed: roll_dice(), flip_coin(), draw_card()
• Each returns a random result

Write your design as: - Function name and purpose - What inputs it needs - What it
returns or does - How functions work together

Then ask AI: “Implement these exact functions: [your design]”

Design Example

Greeting System Design: - formal_greeting(name) - Takes name, returns “Good
day, Mr./Ms. [name]” - casual_greeting(name) - Takes name, returns “Hey [name]!”
- goodbye(name) - Takes name, prints farewell message - Main program uses all three
based on user choice

12.10 AI Partnership Patterns
12.10.1 Pattern 1: Refactoring to Functions
Show AI repetitive code and ask: - “What parts of this code repeat?” - “How would
functions reduce this repetition?” - “Show me the simplest function version”

12.10.2 Pattern 2: Function Evolution
Build complexity gradually: 1. “Show a function that prints a greeting” 2. “Now make
it accept a name” 3. “Now make it return the greeting instead” 4. “Now add a style
parameter (formal/casual)”



12.11. Common Misconceptions 123

12.10.3 Pattern 3: Real-World Connections
Connect functions to familiar concepts: - “Explain functions like TV remote buttons” -
“How are functions like phone contacts?” - “Compare functions to keyboard shortcuts”

12.11 Common Misconceptions
12.11.1 “Functions must be complex”
Reality: The best functions do one thing well:

def add_two(number):
return number + 2

# Perfectly valid and useful!

12.11.2 “Functions can’t use other functions”
Reality: Functions can call other functions - this is how we build complex programs
from simple pieces:

def get_greeting(name):
return f"Hello, {name}"

def greet_loudly(name):
greeting = get_greeting(name)
print(greeting.upper() + "!!!")

12.11.3 “Print and return are the same”
Reality: - print() displays to screen (side effect) - return sends value back to use
elsewhere (result)

def bad_double(x):
print(x * 2) # Just shows it

def good_double(x):
return x * 2 # Gives it back to use

result = good_double(5) # Can use the 10

12.12 Real-World Connection
Every app is built from functions:

Calculator App:

def add(a, b):
return a + b

def subtract(a, b):
return a - b
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def calculate_tax(amount):
return amount * 0.08

Game Functions:

def move_player(direction):
# Update position

def check_collision():
# Detect crashes

def update_score(points):
# Add to score

Social Media:

def post_update(message):
# Share message

def like_post(post_id):
# Add like

def add_friend(username):
# Connect users

12.13 Chapter Summary
You’ve learned: - Functions package multiple steps into reusable commands - Parameters
let functions adapt to different inputs - Return values let functions produce results -
Functions calling functions creates powerful programs - Good function names make code
self-documenting

12.14 Reflection Checklist
Before moving to Chapter 7, ensure you:

� Understand functions as named groups of commands
� Can create simple functions with and without parameters
� Know the difference between print and return
� Can identify repetitive code that needs functions
� See how functions make programs modular and reusable

12.15 Your Learning Journal
For this chapter, record:

1. Function Opportunities: Find 5 repetitive tasks in your daily life that could be
“functions”

2. Code Comparison: Write greeting code with and without functions - which is
clearer?

3. Mental Models: Draw your favourite visualization of how functions work
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4. Design Practice: List functions needed for a simple recipe app

LIGHTBULB The Power of Good Names

Well-named functions make code read like English:

def make_sandwich(filling):
bread = get_bread()
spread = add_condiments()
result = combine(bread, filling, spread)
return result

lunch = make_sandwich("turkey")

Anyone can understand what this does!

12.16 Next Steps
In Chapter 7, we’ll explore how to organise complex information using lists and dictio-
naries. You’ll see how functions and data structures work together to create powerful
programs that can handle real-world complexity.

Remember: Functions aren’t about memorizing syntax. They’re about recognising
patterns, reducing repetition, and building programs from well-named, reusable pieces!
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Chapter 13

organising Information: Lists
and Dictionaries

13.1 The Concept First
So far, we’ve stored one piece of information per variable. But real-world programs need
to handle collections: class rosters, shopping lists, contact books, inventory systems.

Imagine trying to manage a party guest list where each guest needs their own variable:
guest1, guest2, guest3… guest50. Chaos!

Lists and dictionaries are programming’s organizational tools - like having folders and
filing cabinets instead of scattered papers.

13.2 Understanding Through Real Life
13.2.1 Lists: Ordered Collections
Think about everyday lists: - Shopping list: milk, bread, eggs, cheese (order might
matter for store layout) - To-do list: homework, chores, practice, sleep (order definitely
matters!) - Playlist: songs in the sequence you want to hear them - Class roster:
students listed alphabetically

Lists keep items in order and let you work with the whole collection.

13.2.2 Dictionaries: labelled Storage
Think about labelled organisation: - Phone contacts: “Mom” → 555-1234, “Pizza
Place” → 555-5678 - Student grades: “Alice” → 95, “Bob” → 87, “Charlie” → 92
- Game inventory: “health potions” → 3, “gold” → 150, “arrows” → 25 - Recipe
ingredients: “flour” → “2 cups”, “sugar” → “1 cup”

Dictionaries connect labels (keys) to values, making information easy to find.

13.2.3 Why We Need Both
• Lists answer: “What’s the 3rd item?” or “Give me everything in order”

127
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• Dictionaries answer: “What’s Alice’s phone number?” or “How much gold do I
have?”

Different organizational needs require different tools.

13.3 Discovering Collections with Your AI Partner
Let’s explore how programs organise multiple pieces of information.

13.3.1 Exploration 1: The Problem with Many Variables
Ask your AI:

Show me code that stores 10 student names using
individual variables.
Then show me the same thing using a list.

Notice how lists eliminate variable explosion?

13.3.2 Exploration 2: Finding vs Position
Try this prompt:

Compare finding "Sarah's phone number" in a list
vs a dictionary.
Show me why dictionaries are better for lookup.

This reveals when to use each type.

13.3.3 Exploration 3: Real Program Needs
Ask:

What kind of information would a simple game need
to track?
Show examples using both lists and dictionaries.

You’ll see how real programs combine both types.

13.4 From Concept to Code
Let’s see how Python implements these organizational tools.

13.4.1 Lists: Your First Collection
Ask your AI:

Show me the simplest possible Python list with 3
fruits,
and how to display them all.

You’ll get something like:
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fruits = ["apple", "banana", "orange"]
print(fruits) # ['apple', 'banana', 'orange']

# Access individual items by position (starting at
0!)
print(fruits[0]) # apple
print(fruits[1]) # banana
print(fruits[2]) # orange

13.4.2 Dictionaries: labelled Information
Now for dictionaries:

phone_book = {
"Mom": "555-1234",
"Pizza": "555-5678",
"School": "555-9999"

}

# Look up by label
print(phone_book["Mom"]) # 555-1234

Labels make finding information natural!

13.5 Mental Model Building
13.5.1 Model 1: Lists as Trains

[car0] → [car1] → [car2] → [car3]
"apple" "banana" "orange" "grape"

Access by position: fruits[2] gets third car

13.5.2 Model 2: Dictionaries as Filing Cabinets

���������������
� Mom � → "555-1234"
���������������
� Pizza � → "555-5678"
���������������
� School � → "555-9999"
���������������

Access by label: phone_book["Pizza"]

13.5.3 Model 3: Lists vs Dictionaries

List: "What's in position 3?"
[0][1][2][3][4]
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↑ ↑ ↑ ↑ ↑
� � � � �

Dictionary: "What's the capital of France?"
{"France": "Paris",
"Spain": "Madrid",
"Italy": "Rome"}

13.6 Prompt Evolution Exercise
Let’s practice getting collection examples from AI.

13.6.1 Round 1: Too Vague

show me lists and dictionaries

You’ll get advanced features like comprehensions, nested structures, and methods galore!

13.6.2 Round 2: More Specific

show me Python lists and dictionaries for
beginners

Better, but might still be overwhelming.

13.6.3 Round 3: Learning-Focused

I'm learning to organise multiple pieces of
information. Show me a simple
shopping list using a Python list, and a simple
contact book using a dictionary.

Perfect for understanding!

13.6.4 Round 4: Practical Application

Now show me how to add items to the shopping list
and look up a contact

This shows basic operations.

13.7 Common AI Complications
When you ask AI about lists and dictionaries, it often gives you:

class InventoryManager:
def __init__(self):

self.inventory = defaultdict(lambda:
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{'quantity': 0, 'price': 0.0})
self.categories = defaultdict(list)
self.low_stock_threshold = 10

def add_item(self, item_id, name, quantity,
price, category):

self.inventory[item_id] = {
'name': name,
'quantity': quantity,
'price': price,
'category': category,
'last_updated': datetime.now()

}
self.categories[category].append(item_id)

def update_quantity(self, item_id,
quantity_change):

if item_id in self.inventory:
self.inventory[item_id]['quantity'] +=
quantity_change
if self.inventory[item_id]['quantity']
< self.low_stock_threshold:

self._trigger_reorder(item_id)

def get_category_value(self, category):
return
sum(self.inventory[item_id]['quantity'] *

self.inventory[item_id]['price']
for item_id in
self.categories[category])

Classes! Default dictionaries! Nested structures! Datetime! This is enterprise inventory
management, not learning collections!

13.8 The Learning Approach
Build understanding step by step:

13.8.1 Level 1: Simple Lists

# Creating and using lists
colors = ["red", "blue", "green"]
print(colors) # See all
print(colors[0]) # First item
print(len(colors)) # How many

# Lists can change!
colors.append("yellow")
print(colors) # Now has 4 items
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13.8.2 Level 2: Simple Dictionaries
# Creating and using dictionaries
scores = {

"Alice": 95,
"Bob": 87,
"Charlie": 92

}

print(scores["Alice"]) # Get Alice's score
scores["David"] = 88 # Add new student
print(scores) # See all scores

13.8.3 Level 3: Lists in Loops
# Process each item
shopping = ["milk", "eggs", "bread"]

print("Shopping list:")
for item in shopping:

print(f"- {item}")

# Add user items
new_item = input("Add item: ")
shopping.append(new_item)

13.8.4 Level 4: Practical Combinations
# Real programs use both!
# List of dictionaries
students = [

{"name": "Alice", "grade": 95},
{"name": "Bob", "grade": 87},
{"name": "Charlie", "grade": 92}

]

# Process all students
for student in students:

print(f"{student['name']}:
{student['grade']}")

INFO Expression Explorer: List Indexing

Lists use [] with numbers (indices) starting at 0: - fruits[0] - First item -
fruits[1] - Second item - fruits[-1] - Last item (negative counts from end!) -
len(fruits) - How many items
Ask AI: “Why do programming lists start at 0 instead of 1?”
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13.9 Exercises
Exercise 7.1: Concept Recognition

13.9.1 Identifying Collection Needs
For each scenario, decide: list or dictionary?

1. Track player scores in order from highest to lowest
2. Store student ID numbers and their corresponding names
3. Keep a sequence of moves in a game
4. Store item prices in a store
5. Remember the order of people in a queue

Check Your Answers

1. List - order matters, positions important
2. Dictionary - need to look up name by ID
3. List - sequence/order is critical
4. Dictionary - look up price by item name
5. List - order determines who’s next

Exercise 7.2: Prompt Engineering

13.9.2 Getting Collection Examples
Start with: “grade tracker”

Evolve this prompt to get AI to show you: 1. A dictionary storing student names and
grades 2. How to add a new student 3. How to update a grade 4. How to calculate class
average

Document your prompt evolution.

Effective Final Prompt

“Show me a simple Python program that: 1. Uses a dictionary to store student names
and their grades 2. Shows how to add a new student 3. Shows how to update an
existing grade 4. Calculates the class average Keep it beginner-friendly with no classes
or advanced features”

Exercise 7.3: Pattern Matching

13.9.3 Simplifying Complex Collections
Ask AI for a “professional task management system”. In the complex code: 1. Find
all lists and dictionaries 2. Identify what each stores 3. Rewrite using just 1-2 simple
collections

Core Collections Needed

You probably just need: - tasks - list of task names or dictionaries - Maybe priorities
- dictionary of task: priority

Everything else (categories, timestamps, user assignments) is overkill!

Exercise 7.4: Build a Model
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13.9.4 Visualizing Collections
Create visual models for: 1. A list of your 5 favourite songs showing index positions 2.
A dictionary of 4 friends and their birthdays 3. A diagram showing when to use list vs
dictionary

Make your models clear enough to teach someone else.

Exercise 7.5: Architect First

13.9.5 Design Collection-Based Programs
Design these programs before coding:

1. Class Roster System
• Store student names (list or dict?)
• Track attendance for each
• Calculate attendance percentage

2. Simple Menu System
• Food items with prices
• Customer order list
• Calculate total bill

3. Game Inventory
• Items player has
• Quantity of each
• Add/remove items

For each, specify: - What collections you need - What type (list/dictionary) and why -
How they work together

Then ask AI: “Implement this design: [your specification]”

Design Example

Menu System Design: - menu - dictionary {“Pizza”: 12.99, “Burger”: 8.99, …} - order
- list of items ordered [“Pizza”, “Burger”, “Pizza”] - Process: Loop through order, look
up each price in menu, sum total

13.10 AI Partnership Patterns
13.10.1 Pattern 1: Collection Conversion
Show AI different organisations: - “Convert these 10 variables into a list” - “Convert
this numbered list into a dictionary” - “Show me why one is better than the other here”

13.10.2 Pattern 2: Building Operations
Learn operations gradually: 1. “Create a simple list of colors” 2. “Add a new color to
the list” 3. “Remove ‘blue’ from the list” 4. “Check if ‘red’ is in the list”

13.10.3 Pattern 3: Real-World modelling
Connect to familiar systems: - “Model a playlist using a list” - “Model a phonebook
using a dictionary” - “Model a shopping cart using both”
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13.11 Common Misconceptions
13.11.1 “Lists and arrays are the same”
Reality: In Python, lists are flexible:

mixed_list = ["apple", 42, True, 3.14] #
Different types OK!

13.11.2 “Dictionaries maintain order”
Reality: Modern Python keeps insertion order, but dictionaries are designed for lookup,
not sequence:

# Use dict for lookup
phone_book = {"Alice": "555-1234"}

# Use list for sequence
playlist = ["Song 1", "Song 2", "Song 3"]

13.11.3 “You can only store simple values”
Reality: Collections can store anything, even other collections:

# List of lists
grid = [

[1, 2, 3],
[4, 5, 6],
[7, 8, 9]

]

# Dictionary of lists
student_grades = {

"Alice": [95, 87, 92],
"Bob": [88, 91, 86]

}

13.12 Real-World Connection
Every app uses collections:

Music App:

playlist = ["Song A", "Song B", "Song C"]
song_info = {

"Song A": {"artist": "Artist 1", "duration":
180},
"Song B": {"artist": "Artist 2", "duration":
210}

}

E-commerce:
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shopping_cart = ["laptop", "mouse", "keyboard"]
prices = {

"laptop": 999.99,
"mouse": 29.99,
"keyboard": 79.99

}

Social Media:

friends = ["Alice", "Bob", "Charlie"]
profiles = {

"Alice": {"status": "Online", "posts": 45},
"Bob": {"status": "Away", "posts": 132}

}

13.13 Chapter Summary
You’ve learned: - Lists store ordered collections accessible by position - Dictionaries
store labelled information accessible by key - Both can be modified after creation - Lists
excel at sequences, dictionaries at lookups - Real programs often use both together

13.14 Reflection Checklist
Before moving to Chapter 8, ensure you:

� Understand when to use lists vs dictionaries
� Can create and modify both types of collections
� Know how to access items by index (lists) or key (dictionaries)
� Can loop through collections to process items
� See how collections reduce variable proliferation

13.15 Your Learning Journal
For this chapter, record:

1. Collection Mapping: List 5 real-world lists and 5 real-world dictionaries
2. Code Comparison: Solve the same problem with/without collections
3. Mental Models: Draw your visualization of lists and dictionaries
4. Design Practice: Plan collections for a simple library system

LIGHTBULB Choosing the Right Tool

• Use a list when: Order matters, you need positions, you’ll process all items
• Use a dictionary when: You need labels, you’ll look things up, order

doesn’t matter
• Use both when: You have complex data (list of student dictionaries)
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13.16 Next Steps
In Chapter 8, we’ll learn how to save and load data from files. You’ll see how collections
become even more powerful when you can preserve them between program runs - turning
temporary programs into persistent applications!

Remember: Lists and dictionaries aren’t about syntax. They’re about choosing the
right organizational tool for your data - just like choosing between a numbered list or a
labelled filing system in real life!
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Chapter 14

Saving Your Work: Files

14.1 The Concept First
Everything we’ve built so far vanishes when the program ends. Scores reset, lists
empty, all progress lost. Imagine if every time you closed a document, all your writing
disappeared!

Files give programs memory that survives. They’re the difference between a calculator
and a spreadsheet, between a game you play once and one you can save and continue.

14.2 Understanding Through Real Life
14.2.1 We Save Information Constantly
Think about how you preserve information: - Photos: Captured moments saved
forever - Notes: Thoughts written down to remember later - Documents: Essays and
assignments saved as you work - Games: Progress saved so you can continue tomorrow
- Messages: Conversations stored to read again

Without saving, every experience would be temporary.

14.2.2 Reading vs Writing
Just like with physical documents: - Writing: Creating new files or updating existing
ones (like writing in a notebook) - Reading: Looking at saved information (like reading
your notes) - Appending: Adding to the end (like adding to a journal) - Overwriting:
Replacing everything (like erasing and rewriting)

14.2.3 Files Are Permanent Variables
Think of files as variables that survive between program runs: - Variables: Temporary
storage (like working memory) - Files: Permanent storage (like long-term memory)

14.3 Discovering Files with Your AI Partner
Let’s explore how programs create lasting memory.

139
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14.3.1 Exploration 1: The Problem with Temporary Data
Ask your AI:

Show me a simple score tracking program that loses
all data when it ends.
Then show how files could preserve the scores.

See how files solve the persistence problem?

14.3.2 Exploration 2: File Operations
Try this prompt:

Explain the difference between read, write, and
append modes
using a diary or journal as an analogy.

This clarifies when to use each mode.

14.3.3 Exploration 3: Real-World File Uses
Ask:

What kinds of files do games, apps, and programs
typically save?
Give simple examples without code.

You’ll see files are everywhere in software!

14.4 From Concept to Code
Let’s see how Python works with files.

14.4.1 Writing: Creating Files
Ask your AI:

Show me the absolute simplest way to save a
message to a file in Python.
No error handling, just the basics.

You’ll get something like:

# Write to a file
file = open("message.txt", "w")
file.write("Hello, this is saved!")
file.close()

print("Message saved to message.txt")

That’s it! Open, write, close - like opening a notebook, writing, closing it.
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14.4.2 Reading: Getting Information Back
Now let’s read it:

# Read from a file
file = open("message.txt", "r")
content = file.read()
file.close()

print("The file contains:", content)

Your data survives between program runs!

14.5 Mental Model Building

14.5.1 Model 1: Files as Notebooks

Program → � File
Write

Later...

Program → � File
Read

14.5.2 Model 2: The File Cabinet

Your Computer's Storage:
� Documents/
� scores.txt ← Your program can read/write
� notes.txt
� data.txt

14.5.3 Model 3: The Save Game Slot

Without Files: With Files:
[Play Game] [Play Game]
Score: 1000 → Score: 1000
[Quit] [Save & Quit]

[Play Again] [Play Again]
Score: 0 � Score: 1000 �

14.6 Prompt Evolution Exercise
Let’s practice getting file examples from AI.
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14.6.1 Round 1: Too Vague

show me file handling

You’ll get binary files, JSON, CSV, exception handling - overwhelming!

14.6.2 Round 2: More Specific

show me reading and writing text files in Python

Better, but might still include complex modes and methods.

14.6.3 Round 3: Learning-Focused

I'm learning to save program data. Show me how to
save a shopping list
to a file and read it back, keeping it simple.

Perfect for understanding!

14.6.4 Round 4: Building Understanding

Now show me how to add new items to the existing
shopping list file

This introduces append mode.

14.7 Common AI Complications
When you ask AI about files, it often gives you:

import json
import os
from datetime import datetime
import logging

class DataManager:
def __init__(self, filepath,
backup_dir='backups'):

self.filepath = filepath
self.backup_dir = backup_dir
self.ensure_directories()
logging.basicConfig(level=logging.INFO)

def ensure_directories(self):
os.makedirs(self.backup_dir,
exist_ok=True)

def save_data(self, data, create_backup=True):
try:
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if create_backup and
os.path.exists(self.filepath):

self._create_backup()

with open(self.filepath, 'w',
encoding='utf-8') as f:

json.dump(data, f, indent=2,
ensure_ascii=False)

logging.info(f"Data saved successfully
to {self.filepath}")
return True

except Exception as e:
logging.error(f"Failed to save data:
{e}")
return False

def load_data(self):
try:

with open(self.filepath, 'r',
encoding='utf-8') as f:

return json.load(f)
except FileNotFoundError:

logging.warning("File not found,
returning empty data")
return {}

except json.JSONDecodeError:
logging.error("Invalid JSON in file")
return {}

JSON! Logging! Backups! Error handling! Encoding! This is production data manage-
ment, not learning files!

14.8 The Learning Approach
Build understanding step by step:

14.8.1 Level 1: Write Simple Text

# Save a single piece of information
name = input("What's your name? ")

file = open("name.txt", "w")
file.write(name)
file.close()

print("Name saved!")
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14.8.2 Level 2: Read It Back
# Get the saved information
file = open("name.txt", "r")
saved_name = file.read()
file.close()

print(f"Welcome back, {saved_name}!")

14.8.3 Level 3: Save Multiple Lines
# Save a list (one item per line)
tasks = ["Study", "Exercise", "Read"]

file = open("tasks.txt", "w")
for task in tasks:

file.write(task + "\n") # \n makes new line
file.close()

print("Tasks saved!")

14.8.4 Level 4: Read Multiple Lines
# Read the list back
file = open("tasks.txt", "r")
tasks = file.readlines() # Read all lines into
list
file.close()

print("Your tasks:")
for task in tasks:

print("- " + task.strip()) # strip removes \n

14.8.5 Level 5: Append New Data
# Add to existing file
new_task = input("Add a task: ")

file = open("tasks.txt", "a") # "a" for append
file.write(new_task + "\n")
file.close()

print("Task added to list!")
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INFO Expression Explorer: File Modes

The second parameter in open() determines what you can do: - "r" - Read only
(file must exist) - "w" - Write (creates new or overwrites existing) - "a" - Append
(adds to end of existing file)
Ask AI: “What happens if I open a file in write mode that already exists?”

14.9 Exercises
Exercise 8.1: Concept Recognition

14.9.1 Identifying File Needs
For each program, identify what should be saved to files:

1. A game with high scores
2. A to-do list app
3. A student grade tracker
4. A personal diary program
5. A vocabulary learning app

Check Your Answers

1. High scores - save top 10 scores and names
2. Tasks list - save all tasks and completion status
3. Student names and grades - save as records
4. Daily entries - save with dates
5. Words and definitions - save for review

Exercise 8.2: Prompt Engineering

14.9.2 Getting File Examples
Start with: “save game progress”

Evolve this prompt to get AI to show you: 1. Saving player name and score to a file 2.
Reading them back when game starts 3. Updating the score and saving again 4. Keep it
simple with plain text files

Document your prompt evolution.

Effective Final Prompt

“Show me a simple Python example that: 1. Saves player name and score to a text file 2.
Reads them back when the program starts 3. Updates the score and saves again Use
basic file operations with no JSON or advanced features”

Exercise 8.3: Pattern Matching

14.9.3 Simplifying File Operations
Ask AI for a “professional configuration file system”. In the complex code: 1. Find the
core file operations 2. Identify what’s actually being saved/loaded 3. Rewrite using
simple read/write operations



146 Chapter 14. Saving Your Work: Files

Essential Operations

You really just need: - Open file for writing - Write your data (maybe with some
organisation) - Close file - Open file for reading - Read the data - Close file

Everything else is professional polish!

Exercise 8.4: Build a Model

14.9.4 Visualizing File Operations
Create models showing: 1. The lifecycle of data: program → file → program 2. Difference
between write, append, and read modes 3. Why we need to close files

Use diagrams, analogies, or stories to explain.

Exercise 8.5: Architect First

14.9.5 Design File-Based Programs
Design these programs before coding:

1. Daily Journal
• What to save: Date and journal entry
• File format: Each entry on new lines
• Features: Add entry, view all entries

2. Score Tracker
• What to save: Player names and scores
• File format: One player per line
• Features: Add score, show leaderboard

3. Recipe Book
• What to save: Recipe names and ingredients
• File format: Recipe name, then ingredients
• Features: Add recipe, search recipes

For each, plan: - What information needs saving - How to organise it in the file - How
to read it back usefully

Then ask AI: “Implement this file design: [your specification]”

Design Example

Score Tracker Design: - File: scores.txt - Format: “PlayerName,Score” per line -
Write: Open in append mode, add new line - Read: Read all lines, split by comma, sort
by score

14.10 AI Partnership Patterns

14.10.1 Pattern 1: File Format Evolution
Start simple and improve: 1. “Save a single number to a file” 2. “Save a list of numbers,
one per line” 3. “Save names and scores together” 4. “organise the data for easy reading”
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14.10.2 Pattern 2: Error Handling Addition
Add robustness gradually: 1. “Basic file writing” 2. “What if the file doesn’t exist?” 3.
“What if we can’t write to the location?” 4. “How do we handle these gracefully?”

14.10.3 Pattern 3: Real-World Examples
Connect to familiar apps: - “How does a text editor save documents?” - “How do games
save progress?” - “How does a note app store notes?”

14.11 Common Misconceptions
14.11.1 “Files are complicated”
Reality: Basic file operations are just three steps:

file = open("data.txt", "w")
file.write("Hello")
file.close()

14.11.2 “I need special formats”
Reality: Plain text files work great for learning:

# Save a list - one item per line
# Save a dictionary - "key:value" per line
# Simple and readable!

14.11.3 “Files update automatically”
Reality: You must explicitly save changes:

# This alone doesn't save:
score = score + 10

# You must write to file:
file = open("score.txt", "w")
file.write(str(score))
file.close()

14.12 Real-World Connection
Every app uses files:

Text Editor:

# Save document
content = text_widget.get_all_text()
file = open("document.txt", "w")
file.write(content)
file.close()
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Game Save System:

# Save game state
save_data =
f"{player_name}\n{level}\n{score}\n{health}"
file = open("savegame.txt", "w")
file.write(save_data)
file.close()

Settings Storage:

# Save preferences
settings = f"theme:dark\nfont_size:12\nsound:on"
file = open("settings.txt", "w")
file.write(settings)
file.close()

14.13 Chapter Summary
You’ve learned: - Files provide permanent storage between program runs - Basic opera-
tions: open, read/write/append, close - Text files are perfect for storing program data -
Files transform temporary programs into persistent applications - Simple file formats
(lines, CSV) work well

14.14 Reflection Checklist
Before moving to Chapter 9, ensure you:

� Understand files as permanent storage
� Can write data to files and read it back
� Know the difference between write and append modes
� Can save and load lists and other collections
� See how files enable program continuity

14.15 Your Learning Journal
For this chapter, record:

1. File Uses: List 10 programs you use that must save data
2. Before/After: Write a score tracker with and without files
3. Mental Models: Draw how data flows between program and files
4. Design Practice: Plan file storage for a contact book app

LIGHTBULB File Best Practices

• Always close files after opening them
• Use descriptive filenames (scores.txt, not data.txt)
• Keep file formats simple and human-readable
• Test what happens if the file doesn’t exist
• Save frequently to avoid losing work
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14.16 Next Steps
In Chapter 9, we’ll learn about debugging - how to find and fix problems when things
go wrong. You’ll discover that errors aren’t failures; they’re clues that help you build
better programs. Files will become even more valuable as you learn to log information
for debugging!

Remember: Files aren’t about memorizing modes and methods. They’re about giving
your programs lasting memory - transforming temporary calculations into persistent
applications that remember their users!
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Chapter 15

When Things Go Wrong:
Debugging

15.1 The Concept First
Here’s the truth: Every programmer’s code breaks. The difference between beginners
and experts isn’t that experts write perfect code - it’s that experts are better at finding
and fixing problems.

Debugging is detective work. Each error is a clue, each unexpected behaviour a mystery
to solve. And like any good detective, you need the right mindset and tools.

15.2 Understanding Through Real Life
15.2.1 We Debug Constantly
Think about troubleshooting in daily life: - Car won’t start: Check battery, check
gas, check keys… - WiFi not working: Restart router, check password, check device…
- Recipe tastes wrong: Too much salt? Missing ingredient? Wrong temperature? -
Phone app crashes: Restart app, restart phone, check updates…

Each problem requires investigation, hypothesis, and testing.

15.2.2 Errors Are Information
When something goes wrong, it tells you something: - Smoke detector beeping: Low
battery (not “house broken”) - Check engine light: Specific issue to investigate (not
“car ruined”) - Recipe fails: Learn what not to do next time - Game crashes: Save
more often, report bug

Errors guide improvement.

15.2.3 The Scientific Method
Debugging follows the same process as science: 1. Observe: What exactly is happening?
2. Hypothesize: What might cause this? 3. Test: Try a fix 4. analyse: Did it work?
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What did we learn? 5. Repeat: Until solved

15.3 Discovering Debugging with Your AI Partner
Let’s explore how to become a code detective.

15.3.1 Exploration 1: Understanding Error Messages
Ask your AI:

Show me a simple Python error with a typo, and
explain what each part
of the error message tells us.

Learn to read errors as helpful clues, not scary warnings.

15.3.2 Exploration 2: Common Mistake Patterns
Try this prompt:

What are the 5 most common beginner Python errors?
Show simple examples of each.

recognising patterns helps you debug faster.

15.3.3 Exploration 3: Debugging Strategies
Ask:

My program gives the wrong output but no error.
What debugging strategies
can I use? Keep it simple.

Sometimes the hardest bugs don’t crash - they just do the wrong thing.

15.4 From Concept to Code
Let’s see debugging techniques in action.

15.4.1 Reading Error Messages
Error messages are your friends:

# This code has an error
name = input("What's your name? )
print("Hello, " + nmae)

Python tells you exactly what’s wrong:

SyntaxError: unterminated string literal
File "program.py", line 1
name = input("What's your name? )

^
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The arrow points to the problem!

15.4.2 Print Statement Debugging
The simplest debugging tool:

# Something's wrong with this calculation
price = 10
tax_rate = 0.08
total = price + tax_rate # Should be 10.80,
but...

# Add print statements to investigate
print(f"Price: {price}")
print(f"Tax rate: {tax_rate}")
print(f"Total: {total}") # Aha! Shows 10.08, not
10.80

Seeing values helps spot logic errors.

15.5 Mental Model Building

15.5.1 Model 1: The Detective Board

Problem: Score shows 0 when it should be 100

Clues:
�� Score starts at 0 �
�� Add 100 to score �
�� Display score... shows 0? �
�� Theory: Not saving the addition?

15.5.2 Model 2: The Trail of Breadcrumbs

print("Step 1: Starting") # Breadcrumb
score = 0
print(f"Step 2: Score = {score}") # Breadcrumb
score + 100 # Oops! Should be score = score + 100
print(f"Step 3: Score = {score}") # Reveals the
problem!

15.5.3 Model 3: The Process of Elimination

Program crashes when:
� User enters name? No, works fine
� User enters age? No, works fine
� User enters "abc" for age? Yes! Need int() error
handling
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15.6 Prompt Evolution Exercise
Let’s practice debugging with AI assistance.

15.6.1 Round 1: Too Vague

my code doesn't work

AI can’t help without specifics!

15.6.2 Round 2: Better but Missing Context

I get a NameError in my Python code

Better, but AI needs to see the code.

15.6.3 Round 3: Good Debugging Request

My Python code gives "NameError: name 'scroe' is
not defined"
when I run it. Here's the code: [code]
What's wrong and how do I fix it?

Now AI can help effectively!

15.6.4 Round 4: Learning from Errors

I fixed the NameError, but now I understand why it
happened.
What other similar typos should I watch out for?

This builds debugging intuition.

15.7 Common AI Complications
When you ask AI about debugging, it often gives you:

import logging
import traceback
import sys
from functools import wraps

# Configure logging
logging.basicConfig(

level=logging.DEBUG,
format='%(asctime)s - %(name)s - %(levelname)s
- %(message)s',
handlers=[

logging.FileHandler('debug.log'),
logging.StreamHandler(sys.stdout)
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]
)

def debug_decorator(func):
@wraps(func)
def wrapper(*args, **kwargs):

logging.debug(f"Calling {func.__name__}
with args: {args}, kwargs: {kwargs}")
try:

result = func(*args, **kwargs)
logging.debug(f"{func.__name__}
returned: {result}")
return result

except Exception as e:
logging.error(f"Error in
{func.__name__}: {str(e)}")
logging.error(traceback.format_exc())
raise

return wrapper

@debug_decorator
def calculate_total(items, tax_rate=0.08):

subtotal = sum(item['price'] for item in
items)
tax = subtotal * tax_rate
return subtotal + tax

Logging frameworks! Decorators! Stack traces! This is professional debugging infras-
tructure, not learning to debug!

15.8 The Learning Approach

Build debugging skills step by step:

15.8.1 Level 1: Read Error Messages
# This has an error
greeting = "Hello"
print(greting) # Typo!

# Error message:
# NameError: name 'greting' is not defined
#
# Translation: You typed 'greting' but never
created that variable
# Solution: Fix the typo to 'greeting'
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15.8.2 Level 2: Use Print for Investigation

# Why doesn't this work correctly?
total = 0
prices = [10, 20, 30]

for price in prices:
total + price # Bug here!

print(f"Total should be 60 but is: {total}")

# Add debug prints
for price in prices:

print(f"Adding {price} to {total}")
total + price # Still wrong!
print(f"Total is now: {total}") # Never
changes!

15.8.3 Level 3: Test with Simple Cases

# Complex calculation not working?
def calculate_discount(price, percent):

# Start with simple test
print(f"Testing: price={price},
percent={percent}")
discount = price * percent # Should be
percent/100!
print(f"Discount calculated: {discount}")
return price - discount

# Test with easy numbers
result = calculate_discount(100, 10) # Expect 90
print(f"Result: {result}") # Gets -900! Obviously
wrong

15.8.4 Level 4: Isolate the Problem

# Big program not working? Isolate parts
# Instead of debugging all at once:
name = input("Name: ")
age = int(input("Age: "))
score = calculate_score(age, bonus_points)
display_result(name, score)

# Test each part separately:
# 1. Does input work?
name = "Test"
print(name) # �

# 2. Does age conversion work?
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age = int("25")
print(age) # �

# 3. Does calculate_score work?
# Test it alone...

INFO Expression Explorer: Common Error Types

Python’s error names tell you what went wrong: - NameError: Variable doesn’t exist
(typo?) - TypeError: Wrong type (string instead of number?) - ValueError: Right
type, wrong value (“abc” for int()) - SyntaxError: Python doesn’t understand
(missing : or quotes?) - IndentationError: Spacing is wrong
Ask AI: “Show me simple examples of each Python error type”

15.9 Exercises
Exercise 9.1: Concept Recognition

15.9.1 Identifying Bug Types
For each problem, identify the likely bug type:

1. Program shows: NameError: name 'socre' is not defined
2. Program crashes when user enters their name for age
3. Calculator always gives 0 regardless of input
4. Loop runs forever and never stops
5. If statement never runs even when condition should be true

Check Your Analysis

1. Typo in variable name (socre vs score)
2. Type conversion issue (string to int)
3. Logic error (forgetting to update variable)
4. Infinite loop (condition never becomes false)
5. Comparison error (= vs ==, or wrong logic)

Exercise 9.2: Prompt Engineering

15.9.2 Getting Debug Help
Your code shows wrong output. Create prompts that: 1. Clearly describe the expected
vs actual behaviour 2. Include the relevant code 3. Ask for debugging steps, not just
the fix 4. Request explanation of why it happened

Document what makes a good debugging prompt.

Effective Debug Prompt Template

“My [type of program] should [expected behaviour] but instead [actual behaviour]. Here’s
the code: [code] Can you help me understand: 1. Why this is happening 2. How to
debug it step by step 3. How to fix it 4. How to avoid this in the future”

Exercise 9.3: Pattern Matching
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15.9.3 Finding Bugs in Complex Code
Ask AI for a “professional inventory system with a bug”. In the code: 1. Use print
statements to trace execution 2. Identify where expected and actual behaviour diverge 3.
Isolate the buggy section 4. Fix with minimal changes

Debugging Strategy

1. Add prints at major checkpoints
2. Test with simple inputs (1 item, not 100)
3. Check each calculation step
4. Compare expected vs actual at each stage
5. Focus on first point of divergence

Exercise 9.4: Build a Model

15.9.4 Visualizing Debug Processes
Create debugging guides for: 1. A flowchart for debugging any error message 2. A
checklist for “works but gives wrong result” 3. A diagram showing how print debugging
works

Make them clear enough to help future you!

Exercise 9.5: Architect First

15.9.5 Design Debugging-Friendly Code
Redesign these programs to be easier to debug:

1. Score Calculator

# Hard to debug version:
score = int(input()) * 2 + bonus - penalty / 2

Design: Break into steps with prints

2. List Processor

# Hard to debug version:
result = [x*2 for x in data if x > 0]

Design: Use loop with debug prints

3. Decision Maker

# Hard to debug version:
if age > 18 and score > 80 or special_case:

Design: Break complex conditions into parts

For each, show: - Why original is hard to debug - How your design makes debugging
easier - Where you’d add print statements

Design Example

Score Calculator - Debuggable Version:



15.10. AI Partnership Patterns 159

base_score = int(input("Enter base score: "))
print(f"Base: {base_score}")

doubled = base_score * 2
print(f"After doubling: {doubled}")

with_bonus = doubled + bonus
print(f"After bonus: {with_bonus}")

penalty_amount = penalty / 2
final_score = with_bonus - penalty_amount
print(f"Final score: {final_score}")

Each step is visible and testable!

15.10 AI Partnership Patterns
15.10.1 Pattern 1: Error Translation
When you get errors: - “What does this error mean in simple terms?” - “Show me the
simplest code that causes this error” - “How do I fix this specific error?”

15.10.2 Pattern 2: Debugging Strategies
For logic problems: - “My program should [expected] but does [actual]” - “What
debugging strategies would help?” - “Where should I add print statements?”

15.10.3 Pattern 3: Learning from Bugs
After fixing: - “Why did this bug happen?” - “How can I avoid this pattern?” - “What
similar bugs should I watch for?”

15.11 Common Misconceptions
15.11.1 “Good programmers don’t make mistakes”
Reality: Everyone makes mistakes. Good programmers are good at finding and fixing
them:

# Even experts make typos
prinnt("Hello") # Oops!

# The difference is they:
# 1. Read the error message
# 2. Fix it quickly
# 3. Maybe add a spell-checker to their editor

15.11.2 “Errors mean I’m bad at programming”
Reality: Errors are teachers:
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# This error:
int("abc") # ValueError

# Teaches you:
# - int() needs number-like strings
# - You might need input validation
# - Users type unexpected things

15.11.3 “Print debugging is unprofessional”
Reality: Print debugging is often the fastest way:

# Fancy debugging tools exist, but often:
print(f"DEBUG: variable = {variable}")
# Is all you need!

15.12 Real-World Connection
How professionals debug:

Web Developer:

print(f"User ID: {user_id}")
print(f"Request data: {request_data}")
print(f"Database result: {result}")
# Find where data goes wrong

Game Developer:

print(f"Player position: {x}, {y}")
print(f"Collision detected: {collision}")
print(f"Health before: {health}")
print(f"Health after: {health}")
# Track game state

Data Scientist:

print(f"Data shape: {data.shape}")
print(f"First few rows: {data.head()}")
print(f"Missing values: {data.isnull().sum()}")
# Understand data issues

15.13 Chapter Summary
You’ve learned: - Errors are clues, not failures - Error messages tell you exactly what’s
wrong - Print debugging helps you see program flow - Simple test cases reveal complex
bugs - Debugging is a skill that improves with practice

15.14 Reflection Checklist
Before moving to the next project, ensure you:
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� Can read and understand basic error messages
� Know how to use print statements for debugging
� Understand the process: observe, hypothesize, test
� Can isolate problems in complex code
� See debugging as detective work, not failure

15.15 Your Learning Journal
For this chapter, record:

1. Bug Collection: List 5 bugs you’ve encountered and how you solved them
2. Error Dictionary: Write what each error type means in your own words
3. Debugging Flowchart: Create your personal debugging process
4. Success Story: Describe a bug you’re proud of fixing

LIGHTBULB Debugging Mindset

• Bugs are puzzles, not problems
• Every error teaches something
• Start with simple tests
• One small fix at a time
• Celebrate when you find the bug - you’re learning!

15.16 Next Steps
Congratulations on completing Part II! You’ve learned to build systems with functions,
organise data with collections, create persistent programs with files, and debug when
things go wrong.

In the Temperature Converter project, you’ll combine all these skills to build a Temper-
ature Converter with memory - a useful tool that demonstrates real system building!

Remember: Debugging isn’t about avoiding errors. It’s about developing the confidence
and skills to fix anything that goes wrong. Every bug you fix makes you a better
programmer!
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Chapter 16

Project: Temperature
Converter

Exclamation Before You Start

Make sure you’ve completed: - Part I: All concepts and projects - Chapter 6:
Creating Your Own Commands (Functions) - Chapter 7: organising Information
(Lists & Dictionaries)
You should understand: - How to create and use functions - How to work with
lists and dictionaries - How to build modular programs - How to organise code
effectively

LIGHTBULB Code available online

Starter code and notebooks for all projects are available on GitHub with “Open in
Colab” buttons. See books.borck.education (https://books.borck.education).

16.1 Project Overview
Temperature conversion is a perfect example of where functions shine. Instead of writing
the same conversion formula repeatedly, you’ll create a smart converter that remembers
conversions, supports multiple units, and can be extended easily.

This project demonstrates the power of functions to create reusable, organised code
that’s easy to understand and maintain.

16.2 The Problem to Solve
Scientists, cooks, and travelers need temperature conversions constantly! Your converter
should: - Convert between Celsius, Fahrenheit, and Kelvin - Use functions to avoid
repeating formulas - Remember recent conversions - Provide a clean, organised interface
- Be easily extendable for new temperature scales
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16.3 Architect Your Solution First
Before writing any code or consulting AI, design your temperature converter:

16.3.1 1. Understand the Problem
• What temperature scales will you support?
• How should users select conversions?
• What makes a converter “smart” vs basic?
• How can functions make this cleaner?

16.3.2 2. Design Your Approach
Create a design document that includes: - [ ] List of conversion functions needed - [ ]
Menu system for user interaction - [ ] Data structure for conversion history - [ ] Input
validation approach - [ ] How functions will work together

16.3.3 3. Identify Patterns
Which programming patterns will you use? - [ ] Functions for each conversion formula -
[ ] Functions for user interface elements - [ ] Lists/dictionaries for storing history - [ ]
Main loop for continuous operation - [ ] Error handling for invalid inputs

16.4 Implementation Strategy
16.4.1 Phase 1: Core Conversion Functions
Start with the essential functions: 1. celsius_to_fahrenheit(celsius) 2.
fahrenheit_to_celsius(fahrenheit) 3. celsius_to_kelvin(celsius) 4. Test each
function with known values 5. Ensure accuracy

16.4.2 Phase 2: User Interface Functions
Build the interaction layer: 1. display_menu() - Show conversion options 2.
get_temperature_input() - Get and validate input 3. display_result(original,
converted, units) - Show results 4. main() - Coordinate everything

16.4.3 Phase 3: Enhancement Features
Add value through functions: 1. History tracking with list/dictionary 2. Batch conversion
capability 3. favourite conversions 4. Round-trip verification 5. Scientific notation for
extreme values

16.5 AI Partnership Guidelines
16.5.1 Effective Prompts for This Project
� Good Learning Prompts:

"I'm building a temperature converter using
functions. I need a function
that converts Celsius to Fahrenheit. Show me the



16.6. Requirements Specification 165

simplest implementation
with clear parameter and return value."

"My converter has 6 conversion functions. How can
I organise them to avoid
a massive if/elif chain? Show me a clean approach
using what I know."

"I want to store conversion history as a list of
dictionaries.
What's a simple structure that captures all
relevant information?"

� Avoid These Prompts: - “Write a complete temperature converter program” - “Add
GUI interface and graphing capabilities” - “Implement scientific temperature scales like
Rankine”

16.5.2 AI Learning Progression
1. Design Phase: Validate conversion formulas

"What's the correct formula for Celsius to
Kelvin?
Show me with an example calculation."

2. Implementation Phase: Build focused functions

"I need a function that takes Fahrenheit and
returns Celsius.
It should handle negative temperatures
correctly."

3. organisation Phase: Connect functions cleanly

"I have 6 conversion functions. Show me how to
call the right one
based on user's choice without complex if
statements."

4. Enhancement Phase: Add useful features

"How can I modify my display_result function to
also show
the conversion formula used?"

16.6 Requirements Specification
16.6.1 Functional Requirements
Your temperature converter must:

1. Conversion Functions (Minimum 6)
• Celsius → Fahrenheit
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• Fahrenheit → Celsius
• Celsius → Kelvin
• Kelvin → Celsius
• Fahrenheit → Kelvin
• Kelvin → Fahrenheit

2. Interface Functions
• Clear menu display
• Input validation (numeric, reasonable ranges)
• Formatted result display
• Error message display

3. Program Flow
• Continuous operation until user quits
• Clear navigation between conversions
• Option to see conversion history
• Graceful exit

4. Data Management
• Store at least last 10 conversions
• Display history on request
• Clear history option

16.6.2 Learning Requirements
Your implementation should: - [ ] Use a separate function for each conversion formula - [
] Use functions to organise UI elements - [ ] Demonstrate function parameters and return
values - [ ] Show functions calling other functions - [ ] Include clear function names and
comments

16.7 Sample Interaction
Here’s how your converter might work:

� SMART TEMPERATURE CONVERTER � 
������������������������������������

1. Celsius to Fahrenheit
2. Fahrenheit to Celsius
3. Celsius to Kelvin
4. Kelvin to Celsius
5. Fahrenheit to Kelvin
6. Kelvin to Fahrenheit
7. View History
8. Quit

Select conversion (1-8): 1

Enter temperature in Celsius: 100

� Converting...

RESULT: 100.0°C = 212.0°F
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Formula used: °F = (°C × 9/5) + 32

Press Enter to continue...

[Shows menu again]

Select conversion (1-8): 7

� CONVERSION HISTORY
�����������������������
1. 100.0°C → 212.0°F
2. 32.0°F → 0.0°C
3. 0.0°C → 273.15K
[...]

Press Enter to continue...

16.8 Development Approach

16.8.1 Step 1: Build Core Functions
Start with the conversion functions:

def celsius_to_fahrenheit(celsius):
"""Convert Celsius to Fahrenheit"""
return (celsius * 9/5) + 32

def fahrenheit_to_celsius(fahrenheit):
"""Convert Fahrenheit to Celsius"""
return (fahrenheit - 32) * 5/9

# Test immediately!
print(celsius_to_fahrenheit(0)) # Should be 32
print(celsius_to_fahrenheit(100)) # Should be 212

16.8.2 Step 2: Create Interface Functions
Build reusable UI components:

def display_menu():
"""Show conversion options"""
print("\n� TEMPERATURE CONVERTER � ")
print("1. Celsius to Fahrenheit")
# ... more options

def get_user_choice():
"""Get and validate menu selection"""
choice = input("Select (1-8): ")
# Validation logic
return choice
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16.8.3 Step 3: Connect Everything
Use a main function to coordinate:

def main():
"""Run the temperature converter"""
history = [] # Store conversions

while True:
display_menu()
choice = get_user_choice()

if choice == "8":
break

elif choice == "1":
temp =
get_temperature_input("Celsius")
result = celsius_to_fahrenheit(temp)
display_result(temp, result, "°C",
"°F")
history.append({"from": temp, "to":
result, "type": "C→F"})

16.8.4 Step 4: Add Polish
Enhance with helpful features: - Formula display in results - Boundary warnings (absolute
zero, boiling points) - Quick convert for common temperatures - Reverse conversion
verification

16.9 Function Design Tips
16.9.1 Good Function Design

# Clear purpose, one job
def celsius_to_kelvin(celsius):

return celsius + 273.15

# Reusable display function
def display_result(original, converted, from_unit,
to_unit):

print(f"\nRESULT: {original}{from_unit} =
{converted}{to_unit}")

16.9.2 Avoid These Patterns

# Too many responsibilities
def do_everything(choice, temp, history,
settings):

# Hundreds of lines...



16.10. Debugging Strategy 169

# Unclear purpose
def process(x, y, z):

# What does this do?

16.10 Debugging Strategy
Common issues and solutions:

16.10.1 Function Returns None

# Problem
def celsius_to_fahrenheit(c):

result = (c * 9/5) + 32
# Forgot return!

# Solution
def celsius_to_fahrenheit(c):

result = (c * 9/5) + 32
return result # Don't forget!

16.10.2 Scope Issues

# Problem - history not accessible
def add_to_history(conversion):

history.append(conversion) # Error!

# Solution - pass as parameter
def add_to_history(history, conversion):

history.append(conversion)
return history

16.11 Reflection Questions
After completing the project:

1. Function Design Reflection
• Which functions were most reusable?
• How did functions simplify your main program?
• What would this look like without functions?

2. organisation Reflection
• How did you decide what deserved its own function?
• Which functions call other functions?
• How does this compare to your Part I projects?

3. AI Partnership Reflection
• Which functions did AI tend to overcomplicate?
• How did you simplify AI’s suggestions?
• What patterns emerged in good function design?
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16.12 Extension Challenges
If you finish early, try these:

16.12.1 Challenge 1: Smart Converter
Add functions that: - Detect likely input mistakes (32C probably meant 32F) - Suggest
common conversions - Remember user’s preferred conversions

16.12.2 Challenge 2: Conversion Chains
Create a function that converts through multiple steps: - Fahrenheit → Celsius → Kelvin
- Show each step in the chain

16.12.3 Challenge 3: Reference Points
Add a function that shows important temperatures: - Water freezing/boiling in all scales
- Human body temperature - Absolute zero

16.12.4 Challenge 4: Batch Processing
Let users convert multiple temperatures at once using lists.

16.13 Submission Checklist
Before considering your project complete:

� Core Functions: All 6 conversion functions work correctly
� Interface Functions: Clean, reusable UI components
� Program Structure: Clear main() function coordinating everything
� History Feature: Stores and displays past conversions
� Error Handling: Graceful handling of invalid input
� Code organisation: Functions have single, clear purposes
� Documentation: Each function has a clear docstring

16.14 Common Pitfalls and How to Avoid Them
16.14.1 Pitfall 1: Monolithic Functions
Problem: One giant function doing everything Solution: Break into smaller, focused
functions

16.14.2 Pitfall 2: Repeating Code
Problem: Same formula written multiple times Solution: That’s exactly what functions
prevent!

16.14.3 Pitfall 3: Confusing Names
Problem: convert(), process(), do_thing() Solution: celsius_to_fahrenheit()
- be specific!
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16.14.4 Pitfall 4: No Testing
Problem: Assuming conversions are correct Solution: Test each function with known
values

16.15 Project Learning Outcomes
By completing this project, you’ve learned: - How to design programs as collections of
functions - How to create reusable, modular code - How to organise complex programs
clearly - How functions calling functions creates powerful systems - How to build
maintainable, extendable programs

16.16 Next Project Preview
Excellent work! Next, you’ll build a Contact Book that uses dictionaries to store
structured information and functions to manage it. You’ll see how functions and data
structures work together to create useful applications.

Your temperature converter shows you understand the power of functions - breaking
complex problems into simple, reusable pieces! � 
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Chapter 17

Project: Contact Book

Exclamation Before You Start

Make sure you’ve completed: - All previous projects - Chapter 6: Functions -
Chapter 7: organising Information (Lists & Dictionaries) - Chapter 8: Saving Your
Work (Files)
You should understand: - Creating and using functions - Working with dictionaries
for structured data - Managing lists of items - Basic file operations

17.1 Project Overview
A contact book is the perfect project for combining dictionaries, lists, and functions.
You’ll build a system that stores detailed contact information, provides search capabilities,
and persists data between sessions.

This project demonstrates real-world data management - how professional applications
organise, search, and maintain information.

17.2 The Problem to Solve
People need to manage their growing contact lists! Your contact book should: - Store
multiple pieces of information per contact - Provide easy ways to add, view, and search
contacts - organise contacts sensibly - Save contacts between program runs - Handle
real-world scenarios (duplicate names, missing info)

17.3 Architect Your Solution First
Before writing any code or consulting AI, design your contact book:

17.3.1 1. Understand the Problem
• What information should each contact have?
• How will users search for contacts?
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• What happens with duplicate names?
• How should contacts be displayed?

17.3.2 2. Design Your Approach
Create a design document that includes: - [ ] Contact data structure (what fields to
store) - [ ] Storage approach (list of dictionaries?) - [ ] Function breakdown (add, search,
display, etc.) - [ ] File format for saving contacts - [ ] User interface flow

17.3.3 3. Identify Patterns
Which programming patterns will you use? - [ ] Dictionary for each contact’s information
- [ ] List to hold all contacts - [ ] Functions for each major operation - [ ] File I/O for
persistence - [ ] Search algorithms for finding contacts

17.4 Implementation Strategy
17.4.1 Phase 1: Core Data Structure
Start with the basics: 1. Design contact dictionary structure 2. Create function to add
a contact 3. Create function to display a contact 4. Test with a few manual contacts 5.
Ensure data structure works well

17.4.2 Phase 2: Essential Operations
Build key functionality: 1. add_contact() - Get info and add to list 2.
view_all_contacts() - Display nicely formatted 3. search_contacts() - Find by
name 4. save_contacts() - Write to file 5. load_contacts() - Read from file

17.4.3 Phase 3: Enhanced Features
Add professional touches: 1. Search by phone or email 2. Edit existing contacts 3.
Delete contacts (with confirmation) 4. Sort contacts alphabetically 5. Handle edge cases
gracefully

17.5 AI Partnership Guidelines
17.5.1 Effective Prompts for This Project
� Good Learning Prompts:

"I'm building a contact book where each contact is
a dictionary.
What fields should a contact dictionary have? Show
me a simple example
structure with common fields."

"I have a list of contact dictionaries. How do I
search through them
to find all contacts with a specific name? Show me
a simple function."
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"I need to save my contact list to a file. What's
the simplest format
that preserves the dictionary structure and is
human-readable?"

� Avoid These Prompts: - “Build a complete contact management system” - “Add
database integration and cloud sync” - “Create a graphical address book application”

17.5.2 AI Learning Progression
1. Design Phase: Structure planning

"What information do people typically store for
contacts?
Help me design a simple dictionary structure."

2. Implementation Phase: Focused functions

"I need a function that takes contact info as
parameters
and returns a properly formatted contact
dictionary."

3. Search Phase: Finding contacts

"Show me how to search a list of dictionaries
for contacts
where the name contains a search term."

4. Storage Phase: File handling

"What's the simplest way to save a list of
dictionaries
to a text file and read it back?"

17.6 Requirements Specification
17.6.1 Functional Requirements
Your contact book must:

1. Contact Information
• Name (required)
• Phone number
• Email address
• Address (optional)
• Notes (optional)

2. Core Functions
• Add new contact
• View all contacts
• Search by name
• Save to file
• Load from file
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• Quit program
3. User Experience

• Clear menu system
• Formatted contact display
• Confirmation for important actions
• Helpful error messages
• Graceful handling of missing data

4. Data Persistence
• Automatically load contacts on start
• Option to save before quitting
• Human-readable file format
• Handle missing file gracefully

17.6.2 Learning Requirements
Your implementation should: - [ ] Use dictionaries for individual contacts - [ ] Use a list
to store all contacts - [ ] Create separate functions for each operation - [ ] Demonstrate
file I/O for persistence - [ ] Show good function organisation

17.7 Sample Interaction
Here’s how your contact book might work:

� CONTACT BOOK MANAGER �
Loaded 3 contacts from contacts.txt

��������������������������������
1. View All Contacts
2. Add New Contact
3. Search Contacts
4. Edit Contact
5. Delete Contact
6. Save & Quit
��������������������������������

Choose option: 2

ADD NEW CONTACT
���������������
Name (required): Sarah Chen
Phone: 555-0123
Email: sarah.chen@email.com
Address (optional): 123 Main St, Boston
Notes (optional): Met at Python conference

� Contact added successfully!

Choose option: 1

ALL CONTACTS (4 total)
�����������������������
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1. Chen, Sarah
� 555-0123
� sarah.chen@email.com
� 123 Main St, Boston
� Met at Python conference

2. Doe, John
� 555-9876
� john.doe@email.com

3. Smith, Alice
� 555-5555
� alice@wonderland.com
� 456 Oak Ave

[...]

Choose option: 3

SEARCH CONTACTS
���������������
Enter search term: chen

Found 1 contact(s):

1. Chen, Sarah
� 555-0123
� sarah.chen@email.com

17.8 Development Approach
17.8.1 Step 1: Design Data Structure
Start with a clear contact format:

def create_contact(name, phone="", email="",
address="", notes=""):

"""Create a contact dictionary"""
return {

"name": name,
"phone": phone,
"email": email,
"address": address,
"notes": notes

}

# Test the structure
contact = create_contact("John Doe", "555-1234",
"john@email.com")
print(contact)
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17.8.2 Step 2: Build Core Functions

Create essential operations:

def add_contact(contacts):
"""Add a new contact to the list"""
print("\nADD NEW CONTACT")
name = input("Name (required): ")
if not name:

print("Name is required!")
return

phone = input("Phone: ")
email = input("Email: ")

contact = create_contact(name, phone, email)
contacts.append(contact)
print("� Contact added!")

def display_contact(contact, number=None):
"""Display a single contact nicely
formatted"""
if number:

print(f"\n{number}. {contact['name']}")
else:

print(f"\n{contact['name']}")

if contact['phone']:
print(f" � {contact['phone']}")

if contact['email']:
print(f" � {contact['email']}")

17.8.3 Step 3: Add Search Functionality

Implement flexible searching:

def search_contacts(contacts, search_term):
"""Find contacts matching search term"""
search_term = search_term.lower()
results = []

for contact in contacts:
if search_term in contact['name'].lower():

results.append(contact)
elif search_term in contact['phone']:

results.append(contact)
elif search_term in
contact['email'].lower():

results.append(contact)

return results
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17.8.4 Step 4: File Operations
Save and load functionality:

def save_contacts(contacts,
filename="contacts.txt"):

"""Save contacts to file"""
with open(filename, "w") as file:

for contact in contacts:
# Create a formatted line for each
contact
line =
f"{contact['name']}|{contact['phone']}|{contact['email']}|{ ⌋
contact['address']}|{contact['notes']}\n"
file.write(line)

print(f"Saved {len(contacts)} contacts!")

def load_contacts(filename="contacts.txt"):
"""Load contacts from file"""
contacts = []
try:

with open(filename, "r") as file:
for line in file:

parts = line.strip().split("|")
if len(parts) >= 2: # At least
name and phone

contact = create_contact(
parts[0],
parts[1] if len(parts) > 1
else "",
parts[2] if len(parts) > 2
else "",
parts[3] if len(parts) > 3
else "",
parts[4] if len(parts) > 4
else ""

)
contacts.append(contact)

except FileNotFoundError:
print("No existing contacts file found.
Starting fresh!")

return contacts

17.9 Data Management Strategies

17.9.1 Handling Duplicates

def contact_exists(contacts, name, phone):
"""Check if contact already exists"""
for contact in contacts:
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if contact['name'] == name and
contact['phone'] == phone:

return True
return False

17.9.2 Sorting Contacts

def sort_contacts(contacts):
"""Sort contacts alphabetically by name"""
return sorted(contacts, key=lambda x:
x['name'])

17.9.3 Validation

def validate_phone(phone):
"""Basic phone validation"""
# Remove common separators
cleaned = phone.replace("-", "").replace(" ",
"").replace("(", "").replace(")", "")
return cleaned.isdigit() and len(cleaned) >=
10

17.10 Debugging Strategy
Common issues and solutions:

17.10.1 File Format Issues

# Problem: Missing fields crash the program
parts = line.split("|")
contact['address'] = parts[3] # IndexError if
only 3 parts!

# Solution: Safe access
contact['address'] = parts[3] if len(parts) > 3
else ""

17.10.2 Search Problems

# Problem: Case-sensitive search
if search_term in contact['name']: # Won't find
"john" in "John"

# Solution: Normalize case
if search_term.lower() in contact['name'].lower():
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17.10.3 Empty Data Display

# Problem: Shows labels for empty fields
print(f"Address: {contact['address']}") # Shows
"Address: "

# Solution: Conditional display
if contact['address']:

print(f"Address: {contact['address']}")

17.11 Reflection Questions
After completing the project:

1. Data Structure Reflection
• Why are dictionaries perfect for contacts?
• How does the list of dictionaries pattern help?
• What other data would benefit from this structure?

2. Function Design Reflection
• Which functions are most reusable?
• How do functions make the code clearer?
• Which function was hardest to design?

3. File Storage Reflection
• What are the trade-offs of your file format?
• How could you make the format more robust?
• Why is human-readable format valuable?

17.12 Extension Challenges
If you finish early, try these:

17.12.1 Challenge 1: Smart Search
Enhance search to: - Find partial matches (“Joh” finds “John”) - Search across all fields
- Support multiple search terms

17.12.2 Challenge 2: Contact Groups
Add the ability to: - Tag contacts with groups (Family, Work, Friends) - Filter by group
- Show group statistics

17.12.3 Challenge 3: Import/Export
Create functions to: - Export to CSV format - Import from CSV - Merge contact lists

17.12.4 Challenge 4: Backup System
Implement: - Automatic backups before changes - Restore from backup - Multiple backup
versions
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17.13 Submission Checklist
Before considering your project complete:

� Data Structure: Clean dictionary design for contacts
� Core Functions: Add, view, search all working
� File Persistence: Saves and loads correctly
� User Experience: Clear menus and formatting
� Error Handling: Graceful handling of edge cases
� Code organisation: Logical function separation
� Search Feature: Can find contacts by name

17.14 Common Pitfalls and How to Avoid Them
17.14.1 Pitfall 1: Overcomplicated Structure
Problem: Nested dictionaries within dictionaries Solution: Keep it flat and simple

17.14.2 Pitfall 2: Brittle File Format
Problem: Program crashes if file format slightly wrong Solution: Defensive loading
with defaults

17.14.3 Pitfall 3: Lost Data
Problem: Forgetting to save before quit Solution: Prompt user or auto-save

17.14.4 Pitfall 4: Poor Search Experience
Problem: Exact match only, case-sensitive Solution: Flexible, forgiving search

17.15 Project Learning Outcomes
By completing this project, you’ve learned: - How to model real-world data with
dictionaries - How to manage collections with lists - How to create a complete CRUD
application - How to persist structured data in files - How to build user-friendly search
functionality

17.16 Next Project Preview
Great work! Next, you’ll build a Personal Journal that uses files to create a permanent
record of entries. You’ll learn about organising time-based data and creating a reflective
tool that grows more valuable over time.

Your contact book demonstrates professional data management skills - organising,
searching, and persisting information effectively! �
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Project: Personal Journal

Exclamation Before You Start

Make sure you’ve completed: - All previous projects - Chapter 8: Saving Your
Work (Files) - Chapter 9: When Things Go Wrong (Debugging)
You should understand: - Working with files (read, write, append) - Managing
dates and time-based data - Creating persistent applications - Basic debugging
techniques

18.1 Project Overview
A personal journal is one of the most meaningful applications you can build. It combines
file handling, date management, and thoughtful user experience to create a tool that
becomes more valuable over time.

This project demonstrates how simple file operations can create powerful, personal
applications that users return to daily.

18.2 The Problem to Solve
People need a private, digital space for reflection! Your journal should: - Make daily
entries quick and easy - Timestamp each entry automatically - Allow viewing past entries
- Search through journal history - Protect against accidental data loss - Create a pleasant
writing experience

18.3 Architect Your Solution First
Before writing any code or consulting AI, design your journal:

18.3.1 1. Understand the Problem
• How should entries be organised? (by date? topics?)
• What makes journaling feel natural vs. forced?
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• How can the app encourage regular use?
• What would make you want to use this daily?

18.3.2 2. Design Your Approach
Create a design document that includes: - [ ] File organisation strategy - [ ] Entry format
(how to store date, text) - [ ] Viewing options (recent, by date, search) - [ ] User interface
flow - [ ] Data safety measures

18.3.3 3. Identify Patterns
Which programming patterns will you use? - [ ] File append for adding entries - [ ] File
read for viewing history - [ ] Date/time handling for timestamps - [ ] Search algorithms
for finding entries - [ ] Input validation for dates

18.4 Implementation Strategy
18.4.1 Phase 1: Core Journaling
Start with essentials: 1. Write today’s entry 2. Automatically add timestamp 3. Save to
journal file 4. View recent entries 5. Ensure data persists

18.4.2 Phase 2: Journal Navigation
Add ways to explore: 1. View entries by date 2. Search entries by keyword 3. Count
total entries 4. Show journal statistics 5. Navigate between entries

18.4.3 Phase 3: Enhanced Experience
Make it delightful to use: 1. Daily prompts or questions 2. Mood tracking 3. Entry
templates 4. Export capabilities 5. Backup reminders

18.5 AI Partnership Guidelines
18.5.1 Effective Prompts for This Project
� Good Learning Prompts:

"I'm building a journal app. How can I get today's
date and format it
nicely for a journal entry header? Show me simple
Python code."

"My journal stores entries with dates. What's a
good file format that's
human-readable and easy to search? Show me an
example entry."

"I want to search through a journal file for
entries containing a keyword.
How do I read the file and find matching entries?"
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� Avoid These Prompts: - “Build a complete journaling application” - “Add encryption
and cloud sync to my journal” - “Create a multi-user journal with authentication”

18.5.2 AI Learning Progression
1. Design Phase: Entry format planning

"What information should each journal entry
include?
Show me a simple, readable format for storing
entries."

2. Date Handling: Working with time

"How do I get the current date and time in
Python
and format it like 'Monday, January 15, 2024 -
2:30 PM'?"

3. File Strategy: Append vs overwrite

"For a journal app, should I use one big file
or separate files?
What are the trade-offs?"

4. Search Implementation: Finding content

"How can I search through a text file line by
line
to find entries containing specific words?"

18.6 Requirements Specification
18.6.1 Functional Requirements
Your journal must:

1. Entry Creation
• Quick entry for today
• Automatic timestamp
• Multi-line text support
• Save confirmation

2. Entry Viewing
• View recent entries (last 5-10)
• View entry by specific date
• Scroll through all entries
• Clear formatting

3. Search & Navigation
• Search by keyword
• Jump to date
• Show entry count
• Navigation between results

4. Data Management
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• Append new entries safely
• Preserve all past entries
• Handle large journal files
• Backup reminder system

18.6.2 Learning Requirements
Your implementation should: - [ ] Use file append mode for new entries - [ ] Read
files efficiently for viewing - [ ] Format dates consistently - [ ] Handle multi-line input
gracefully - [ ] Include error handling for file operations

18.7 Sample Interaction
Here’s how your journal might work:

� PERSONAL JOURNAL �
You have 47 entries since January 1, 2024

����������������������������������������
1. Write Today's Entry
2. View Recent Entries
3. Search Journal
4. View Entry by Date
5. Journal Statistics
6. Exit
����������������������������������������

Choose option: 1

� NEW JOURNAL ENTRY
Monday, March 15, 2024 - 3:45 PM

How was your day? (Press Enter twice to finish)

Today was incredible! I finally understood how
functions
work in Python. The temperature converter project
really
helped cement the concepts. I'm excited to keep
building
more complex programs.

Also went for a nice walk in the park. Spring is
here!

� Entry saved! (67 words)

Choose option: 2

� RECENT ENTRIES
����������������������������������������
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Monday, March 15, 2024 - 3:45 PM
--------------------------------
Today was incredible! I finally understood how
functions
work in Python. The temperature converter project
really
helped cement the concepts...

Sunday, March 14, 2024 - 9:20 PM
--------------------------------
Quiet Sunday. Worked on the contact book project.
Having some trouble with the search function but
I'll
figure it out tomorrow...

Saturday, March 13, 2024 - 11:00 AM
--------------------------------
Weekend! Time to catch up on coding projects. Goal
is
to finish Part II of the Python book...

[Showing 3 of 47 entries]

Choose option: 3

� SEARCH JOURNAL
Enter search term: Python

Found 12 entries containing "Python":

1. March 15, 2024 - "...understood how functions
work in Python..."
2. March 10, 2024 - "...Started learning Python
with AI book..."
3. March 8, 2024 - "...Python makes so much more
sense now..."

View full entry number (1-12) or 0 to return: 1

[Shows full March 15 entry]

18.8 Development Approach
18.8.1 Step 1: Date and Time Handling
Learn to work with timestamps:

from datetime import datetime

def get_timestamp():
"""Get formatted current date and time"""
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now = datetime.now()
return now.strftime("%A, %B %d, %Y - %I:%M
%p")

# Test it
print(get_timestamp()) # Monday, March 15, 2024 -
3:45 PM

18.8.2 Step 2: Entry Format Design
Create a consistent structure:

def format_entry(timestamp, content):
"""Format a journal entry for storage"""
separator = "=" * 50
entry = f"\n{separator}\n"
entry += f"{timestamp}\n"
entry += f"{separator}\n"
entry += f"{content}\n"
return entry

18.8.3 Step 3: Multi-line Input
Handle extended writing:

def get_journal_entry():
"""Get multi-line journal entry from user"""
print("How was your day? (Press Enter twice to
finish)")

lines = []
empty_count = 0

while empty_count < 2:
line = input()
if line == "":

empty_count += 1
else:

empty_count = 0
lines.append(line)

return "\n".join(lines)

18.8.4 Step 4: File Operations
Safe append operations:

def save_entry(entry, filename="journal.txt"):
"""Save entry to journal file"""
try:

with open(filename, "a") as file:
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file.write(entry)
return True

except Exception as e:
print(f"Error saving entry: {e}")
return False

def read_recent_entries(filename="journal.txt",
count=5):

"""Read the most recent journal entries"""
try:

with open(filename, "r") as file:
content = file.read()

# Split by entry separator
entries = content.split("=" * 50)
# Filter out empty entries
entries = [e.strip() for e in entries if
e.strip()]

# Return last 'count' entries
return entries[-count:] if len(entries) >
count else entries

except FileNotFoundError:
return []

18.9 User Experience Enhancements
18.9.1 Daily Prompts

import random

def get_daily_prompt():
"""Return a random journaling prompt"""
prompts = [

"What made you smile today?",
"What's one thing you learned?",
"What are you grateful for?",
"What challenged you today?",
"What would you do differently?"

]
return random.choice(prompts)

18.9.2 Entry Statistics

def get_journal_stats(filename="journal.txt"):
"""Calculate journal statistics"""
try:

with open(filename, "r") as file:
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content = file.read()

entries = content.split("=" * 50)
entries = [e for e in entries if
e.strip()]

word_count = sum(len(entry.split()) for
entry in entries)

return {
"total_entries": len(entries),
"total_words": word_count,
"avg_words": word_count //
len(entries) if entries else 0

}
except FileNotFoundError:

return {"total_entries": 0, "total_words":
0, "avg_words": 0}

18.10 Debugging Strategy

Common issues and solutions:

18.10.1 Date Format Issues
# Problem: Inconsistent date formats make
searching hard
timestamp1 = "3/15/24"
timestamp2 = "March 15, 2024"

# Solution: Always use consistent format
timestamp = datetime.now().strftime("%Y-%m-%d
%H:%M:%S")
display = datetime.now().strftime("%A, %B %d, %Y -
%I:%M %p")

18.10.2 Large File Handling
# Problem: Reading entire file gets slow
content = file.read() # Loads everything!

# Solution: Read in chunks or lines
for line in file:

# Process one line at a time
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18.10.3 Entry Separation

# Problem: Entries blend together
file.write(content)
file.write(next_content) # No separation!

# Solution: Clear separators
file.write(f"\n{'='*50}\n{content}\n")

18.11 Reflection Questions
After completing the project:

1. Design Reflection
• What entry format works best for searching?
• How does file organisation affect performance?
• What would you add to make journaling more engaging?

2. Technical Reflection
• Why is append mode perfect for journals?
• How did you handle the multi-line input challenge?
• What debugging techniques helped most?

3. User Experience Reflection
• What makes a journal app feel personal?
• How can prompts encourage reflection?
• What features would make you use this daily?

18.12 Extension Challenges
If you finish early, try these:

18.12.1 Challenge 1: Mood Tracking
Add the ability to: - Tag entries with mood (happy, sad, excited, etc.) - View mood
patterns over time - Search by mood

18.12.2 Challenge 2: Entry Templates
Create templates for: - Daily reflection - Goal tracking - Gratitude journal - Dream
journal

18.12.3 Challenge 3: Export Features
Implement: - Export to PDF format - Email backup - Monthly summaries

18.12.4 Challenge 4: Smart Search
Enhance search with: - Date range filtering - Multiple keyword search - Highlight search
terms in results



192 Chapter 18. Project: Personal Journal

18.13 Submission Checklist
Before considering your project complete:

� Core Features: Write, view, search entries
� Date Handling: Consistent timestamp format
� File Management: Reliable append and read
� User Experience: Clear interface and prompts
� Data Safety: No risk of losing entries
� Search Function: Can find entries by keyword
� Error Handling: Graceful file error handling

18.14 Common Pitfalls and How to Avoid Them
18.14.1 Pitfall 1: Overwriting Instead of Appending
Problem: Using ‘w’ mode destroys previous entries Solution: Always use ‘a’ (append)
for new entries

18.14.2 Pitfall 2: Unreadable Date Formats
Problem: “1678901234” timestamp Solution: Human-friendly format like “March 15,
2024”

18.14.3 Pitfall 3: Lost Input
Problem: Single-line input for journal entries Solution: Multi-line input with clear
end signal

18.14.4 Pitfall 4: Slow Performance
Problem: Reading entire file for every operation Solution: Read only what’s needed

18.15 Project Learning Outcomes
By completing this project, you’ve learned: - How to create meaningful persistent
applications - How to handle dates and timestamps effectively - How to manage growing
text files efficiently - How to build tools that improve with use - How to create engaging
user experiences

18.16 Next Project Preview
Excellent journaling! Next, you’ll build a Quiz Game that combines everything you’ve
learned - functions, data structures, files, and user interaction - into an educational game
that can quiz on any topic.

Your journal demonstrates that simple file operations can create deeply personal and
valuable applications. Keep journaling - both in life and in code! �



Chapter 19

Project: Quiz Game

Exclamation Before You Start

Make sure you’ve completed: - All of Part I and Part II concepts - All previous
projects - You understand functions, data structures, files, and debugging
You should be ready to: - Combine all your skills into one project - Design
complex program flow - Manage multiple data structures - Create an engaging
user experience

19.1 Project Overview
A quiz game is the perfect culmination of Part II. You’ll combine functions for game
logic, dictionaries for question storage, lists for tracking scores, and files for question
banks and high scores.

This project demonstrates how all the pieces you’ve learned work together to create
engaging, educational software.

19.2 The Problem to Solve
Students and learners need fun ways to test knowledge! Your quiz game should: -
Support multiple quiz topics - Track scores and progress - Save high scores between
sessions - Provide immediate feedback - Make learning enjoyable - Be easily extendable
with new questions

19.3 Architect Your Solution First
Before writing any code or consulting AI, design your quiz game:

19.3.1 1. Understand the Problem
• How should questions be structured?
• What makes a quiz engaging vs tedious?
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• How can you make wrong answers educational?
• What motivates players to continue?

19.3.2 2. Design Your Approach
Create a design document that includes: - [ ] Question data structure (dictionary format)
- [ ] Quiz categories/topics system - [ ] Scoring mechanism - [ ] High score tracking - [ ]
Game flow and user experience - [ ] File organisation for questions

19.3.3 3. Identify Patterns
Which programming patterns will you use? - [ ] Functions for game logic (ask question,
check answer, etc.) - [ ] Dictionaries for question/answer pairs - [ ] Lists for question
banks and scores - [ ] Files for persistent questions and high scores - [ ] Loops for game
flow

19.4 Implementation Strategy
19.4.1 Phase 1: Core Quiz Mechanics
Start with basics: 1. Create question dictionary structure 2. Function to display question
3. Function to check answer 4. Basic score tracking 5. Single quiz round

19.4.2 Phase 2: Full Game System
Build complete experience: 1. Multiple choice or true/false options 2. Question categories
3. Score calculation with feedback 4. High score system 5. Play again functionality

19.4.3 Phase 3: Professional Polish
Add engagement features: 1. Difficulty levels 2. Timer for questions 3. Lifelines (50/50,
skip) 4. Progress tracking 5. Educational explanations

19.5 AI Partnership Guidelines
19.5.1 Effective Prompts for This Project
� Good Learning Prompts:

"I'm building a quiz game where each question is a
dictionary.
What fields should it have? Show me a simple
structure for
multiple choice questions."

"I have a list of question dictionaries. How do I
randomly select
questions without repeating until all are used?"

"I want to save quiz questions in a text file
that's easy to edit.
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What's a good format that I can parse back into
dictionaries?"

� Avoid These Prompts: - “Build a complete quiz game system” - “Add AI-generated
questions and adaptive difficulty” - “Create a multiplayer quiz platform”

19.5.2 AI Learning Progression
1. Design Phase: Question structure

"What information does a quiz question need?
Design a simple dictionary structure for
multiple choice."

2. Logic Phase: Game flow

"How should I structure the main game loop for
a quiz?
Show me the basic flow without the full
implementation."

3. Storage Phase: File formats

"What's a simple text format for storing quiz
questions
that's both human-editable and easy to parse?"

4. Feature Phase: Enhancements

"How can I implement a simple timer for each
question
using basic Python?"

19.6 Requirements Specification
19.6.1 Functional Requirements
Your quiz game must:

1. Question Management
• At least 10 questions per category
• Multiple choice format (4 options)
• Correct answer tracking
• Optional explanations

2. Game Flow
• Welcome screen
• Category selection
• Question presentation
• Answer feedback
• Score display
• High score tracking

3. User Experience
• Clear question display
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• Easy answer selection (A, B, C, D)
• Immediate feedback
• Running score visible
• Encouraging messages

4. Data Persistence
• Load questions from file
• Save high scores
• Add new questions easily
• Handle missing files gracefully

19.6.2 Learning Requirements
Your implementation should: - [ ] Use functions to organise game logic - [ ] Use dictionaries
for question structure - [ ] Use lists for question banks - [ ] Use files for persistence - [ ]
Demonstrate all Part II concepts

19.7 Sample Interaction
Here’s how your quiz game might work:

� ULTIMATE QUIZ GAME �
Test your knowledge and beat the high score!

��������������������������������������������
MAIN MENU
��������������������������������������������
1. Start New Quiz
2. View High Scores
3. Add Questions
4. Exit

Choose option: 1

SELECT CATEGORY
���������������
1. Python Programming (15 questions)
2. General Science (12 questions)
3. World Geography (10 questions)
4. Mixed Topics (all questions)

Choose category: 1

��������������������������������������������
PYTHON PROGRAMMING QUIZ
Question 1 of 10 Score: 0
��������������������������������������������

What keyword is used to create a function in
Python?

A) func
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B) define
C) def
D) function

Your answer (A-D): C

� CORRECT! Well done!

� Explanation: The 'def' keyword is used to define
functions in Python, followed by the function name
and parentheses.

Press Enter to continue...

��������������������������������������������
Question 2 of 10 Score: 10
��������������������������������������������

Which of these is NOT a valid Python data type?

A) integer
B) string
C) array
D) dictionary

Your answer (A-D): C

� CORRECT!

� Explanation: Python has lists, not arrays
(unless
you import the array module). The basic types are
int, str, list, dict, etc.

[Game continues...]

��������������������������������������������
QUIZ COMPLETE!
��������������������������������������������
Final Score: 80/100
Correct: 8/10
Percentage: 80%

� Great job! That's a new high score!

Enter your name for the leaderboard: Alice

HIGH SCORES - Python Programming
����������������������������������������
1. Alice - 80 points (Today)
2. Bob - 70 points (March 14)
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3. Charlie - 65 points (March 10)

Play again? (yes/no): no

Thanks for playing! Keep learning! �

19.8 Development Approach
19.8.1 Step 1: Design Question Structure
Create a clear format:

def create_question(text, options, correct,
explanation=""):

"""Create a question dictionary"""
return {

"question": text,
"options": options, # List of 4 options
"correct": correct, # Index of correct
option (0-3)
"explanation": explanation,
"answered": False,
"user_answer": None

}

# Example question
q1 = create_question(

"What is the capital of France?",
["London", "Berlin", "Paris", "Madrid"],
2, # Paris is at index 2
"Paris has been the capital of France for over
1000 years."

)

19.8.2 Step 2: Core Game Functions
Build essential mechanics:

def display_question(question, question_num,
total_questions):

"""Display a question nicely formatted"""
print(f"\nQuestion {question_num} of
{total_questions}")
print("=" * 40)
print(f"\n{question['question']}\n")

for i, option in
enumerate(question['options']):

letter = chr(65 + i) # Convert 0,1,2,3 to
A,B,C,D
print(f"{letter}) {option}")
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def get_user_answer():
"""Get and validate user's answer"""
while True:

answer = input("\nYour answer (A-D):
").upper()
if answer in ['A', 'B', 'C', 'D']:

return ord(answer) - 65 # Convert
A,B,C,D to 0,1,2,3

print("Please enter A, B, C, or D.")

def check_answer(question, user_answer):
"""Check if answer is correct and show
feedback"""
question['answered'] = True
question['user_answer'] = user_answer

if user_answer == question['correct']:
print("\n� CORRECT! Well done!")
if question['explanation']:

print(f"\n�
{question['explanation']}")

return True
else:

correct_letter = chr(65 +
question['correct'])
print(f"\n� Sorry, the correct answer was
{correct_letter}.")
if question['explanation']:

print(f"\n�
{question['explanation']}")

return False

19.8.3 Step 3: Question Bank Management
Load questions from files:

def load_questions(filename):
"""Load questions from a text file"""
questions = []

try:
with open(filename, 'r') as file:

lines = file.readlines()

i = 0
while i < len(lines):

if lines[i].strip() and not
lines[i].startswith('#'):

# Parse question format
question_text = lines[i].strip()
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options = []

# Next 4 lines are options
for j in range(4):

if i + j + 1 < len(lines):
options.append(lines[i + j
+ 1].strip())

# Next line is correct answer (A,
B, C, or D)
if i + 5 < len(lines):

correct = ord(lines[i +
5].strip()[0]) - 65

# Optional explanation
explanation = ""
if i + 6 < len(lines) and lines[i
+ 6].strip():

explanation = lines[i +
6].strip()

question = create_question(
question_text, options,
correct, explanation

)
questions.append(question)

i += 7 # Move to next question
else:

i += 1

except FileNotFoundError:
print(f"Question file {filename} not
found!")

return questions

19.8.4 Step 4: High Score System
Track and save achievements:

def load_high_scores(filename="highscores.txt"):
"""Load high scores from file"""
scores = {}

try:
with open(filename, 'r') as file:

for line in file:
parts = line.strip().split('|')
if len(parts) == 3:

category, name, score = parts
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if category not in scores:
scores[category] = []

scores[category].append({
'name': name,
'score': int(score)

})
except FileNotFoundError:

pass

return scores

def save_high_score(category, name, score,
filename="highscores.txt"):

"""Add a new high score"""
with open(filename, 'a') as file:

file.write(f"{category}|{name}|{score}\n")

19.9 Question File Format
Create readable question files:

# Python Programming Questions
# Format: Question, 4 options, correct letter,
explanation

What does the len() function do?
Returns the length of an object
Deletes an object
Creates a new list
Joins two strings
A
The len() function returns the number of items in
an object like a string or list.

Which symbol is used for comments in Python?
//
#
/* */
--
B
Python uses the # symbol for single-line comments.

19.10 Game Features
19.10.1 Randomization

import random

def get_quiz_questions(all_questions,
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num_questions=10):
"""Select random questions for quiz"""
if len(all_questions) <= num_questions:

return all_questions[:]

return random.sample(all_questions,
num_questions)

19.10.2 Score Calculation

def calculate_score(questions,
points_per_question=10):

"""Calculate final score"""
correct = sum(1 for q in questions if
q['answered'] and

q['user_answer'] ==
q['correct'])

total = len(questions)
score = correct * points_per_question
percentage = (correct / total) * 100

return {
'correct': correct,
'total': total,
'score': score,
'percentage': percentage

}

19.11 Debugging Strategy
Common issues and solutions:

19.11.1 File Format Errors

# Problem: Questions don't load correctly
# Solution: Add debug prints
print(f"Loading question: {question_text}")
print(f"Options: {options}")
print(f"Correct: {correct}")

19.11.2 Index Errors

# Problem: Letter conversion fails
user_input = 'E' # Out of range!

# Solution: Validate input range
if answer in ['A', 'B', 'C', 'D']:

index = ord(answer) - 65
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19.12 Reflection Questions
After completing the project:

1. System Design Reflection
• How do all the pieces work together?
• Which part was most challenging to integrate?
• How does this compare to Part I projects?

2. Data Structure Reflection
• Why are dictionaries perfect for questions?
• How do lists and dictionaries complement each other?
• What other data would benefit from this structure?

3. User Experience Reflection
• What makes the quiz engaging?
• How does immediate feedback help learning?
• What features would you add next?

19.13 Extension Challenges
If you finish early, try these:

19.13.1 Challenge 1: Timer Feature
Add a countdown timer: - 30 seconds per question - Bonus points for quick answers -
Skip to next if time runs out

19.13.2 Challenge 2: Difficulty Levels
Implement difficulty: - Easy: Show 2 options instead of 4 - Medium: Normal 4 options -
Hard: No multiple choice, type answer

19.13.3 Challenge 3: Study Mode
Create a learning mode: - Review questions without scoring - Show explanations before
answering - Track which topics need work

19.13.4 Challenge 4: Question Editor
Build an in-app editor: - Add new questions through the game - Edit existing questions
- Validate question format

19.14 Submission Checklist
Before considering your project complete:

� Core Gameplay: Questions display, answers checked, score tracked
� Multiple Categories: At least 2 topic categories
� File Integration: Questions load from files
� High Scores: Persistent leaderboard
� User Experience: Clear interface and feedback
� Error Handling: Graceful file and input handling
� Code organisation: Well-structured functions
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19.15 Common Pitfalls and How to Avoid Them
19.15.1 Pitfall 1: Hardcoded Questions
Problem: Questions embedded in code Solution: Always load from external files

19.15.2 Pitfall 2: Poor Randomization
Problem: Same questions in same order Solution: Use random.shuffle() or random.sam-
ple()

19.15.3 Pitfall 3: Confusing Feedback
Problem: Unclear if answer was right/wrong Solution: Clear visual feedback and
explanations

19.15.4 Pitfall 4: Lost Progress
Problem: Scores not saved properly Solution: Save immediately after game ends

19.16 Project Learning Outcomes
By completing this project, you’ve learned: - How to integrate all Part II concepts into
one system - How to design complex program architecture - How to create engaging
educational software - How to manage multiple interacting components - How to build
extensible, maintainable programs

19.17 Part II Complete! �
Congratulations! You’ve finished Part II: Building Systems. Your quiz game demonstrates
mastery of:

� Functions: organised, reusable game logic � Data Structures: Questions as dictio-
naries, banks as lists � Files: Persistent questions and scores � Debugging: Handling
complex interactions � System Design: Multiple components working together

You’re now ready for Part III: Real-World Programming, where you’ll learn to work
with external data, connect to the internet, and create programs that interact with the
wider world!

Your quiz game proves you can build complete, useful applications. You’re no longer
just writing code - you’re creating software! �
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Chapter 20

Chapter 10: Working with
Data

INFO Chapter Summary

In this chapter, you’ll learn how to work with real-world data files. You’ll discover
how to read CSV files, process JSON data, and analyse information - skills that
transform your programs from toys to tools. This is where programming becomes
practical!

20.1 The Concept First
Up until now, your programs have worked with data you typed in or created yourself.
But real programs work with existing data — grade books, weather records, product
inventories, survey results. The data already exists somewhere; your job is to read it,
make sense of it, and do something useful.

Think of it this way: you already know how to cook (write programs). Now you need to
learn how to unpack groceries (read data files). The food arrives in different packaging
— cans, bags, boxes — and you need to know how to open each one before you can start
cooking.

Two formats dominate the data world. CSV is like a spreadsheet saved as plain text —
rows and columns separated by commas, nothing fancy. JSON is like a set of nested
labelled boxes — open one and you might find more boxes inside, each with its own
label. Most data you’ll encounter comes in one of these two formats.

20.2 Discovering Data with Your AI Partner
Before we write any code, let’s build intuition for how data files work.

Ask your AI:

Show me what a CSV file looks like as plain text,
then show me

207
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the same information as JSON. Use a simple example
like 3 students
with names and grades.

Notice how CSV is flat and table-like while JSON can nest information inside other
information. This difference drives when you’d choose each format.

20.3 CSV Files: Your Gateway to Spreadsheet Data
CSV stands for “Comma-Separated Values” - it’s the simplest way to store table-like
data. Every spreadsheet program can export to CSV, making it a universal data format.

INFO Mental Model: CSV as a Text Spreadsheet

Picture a spreadsheet. Now imagine stripping away the grid lines, the colours, the
formulas — and just keeping the text, with commas where the column borders
were. That’s a CSV file. Each line is a row, each comma marks a new column.
You could create one in any text editor.

20.3.1 Understanding CSV Structure
Imagine a grade book:

Name,Quiz1,Quiz2,MidTerm,Final
Alice,85,92,88,91
Bob,78,85,82,79
Charlie,91,88,94,96

Each line is a row, commas separate columns. Simple, but powerful!

20.3.2 The AI Partnership Approach
Let’s explore CSV files together:

LIGHTBULB Prompt Engineering for CSV

“I have a CSV file with student grades. Show me how to read it and calculate each
student’s average. Keep it simple - just the basics.”

AI will likely show you Python’s csv module. But here’s the learning approach:

1. First, understand the structure - Read the file as plain text first
2. Then, parse manually - Split by commas yourself

3. Finally, use the tools - Apply the csv module

20.3.3 Building a Grade Analyzer
Let’s design a program that reads student grades and provides insights:
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def read_grades_simple(filename):
"""Read grades from CSV - learning version"""
grades = []

with open(filename, 'r') as file:
# Skip header line
header = file.readline()

# Read each student
for line in file:

parts = line.strip().split(',')
student = {

'name': parts[0],
'grades': [int(parts[i]) for i in
range(1, len(parts))]

}
grades.append(student)

return grades

def calculate_average(grades):
"""Calculate average grade"""
return sum(grades) / len(grades)

# Use the functions
students = read_grades_simple('grades.csv')
for student in students:

avg = calculate_average(student['grades'])
print(f"{student['name']}: {avg:.1f}")

Exclamation-Triangle Expression Explorer: List Comprehension

The line [int(parts[i]) for i in range(1, len(parts))] is a list compre-
hension. Ask AI: “Explain this list comprehension by showing me the loop version
first.”

20.3.4 Common CSV Patterns
When working with CSV files, you’ll often need to:

1. Skip headers - First line often contains column names
2. Handle missing data - Empty cells are common
3. Convert types - Everything starts as text
4. Deal with special characters - Commas in data, quotes, etc.

20.4 From Tables to Trees: JSON
CSV works brilliantly for flat, table-shaped data. But what happens when your data has
structure within structure — a contact who has multiple phone numbers, or a student
who belongs to several clubs? You need a format that can nest information. That’s
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where JSON comes in.

JSON (JavaScript Object Notation) is how modern applications share data. It’s like
Python dictionaries written as text - perfect for complex, nested information.

INFO Mental Model: JSON as Labelled Boxes

Think of JSON like a set of nested labelled boxes. You open a box marked
“contacts” and find smaller boxes inside, each labelled with a person’s name. Open
one of those and you find even smaller boxes: “phone”, “email”, “tags”. Each box
either contains a value or more boxes. If you’ve used Python dictionaries, you
already understand the idea.

Ask your AI:

Take this CSV data and convert it to JSON. Then
show me a case
where CSV can't easily represent the data but JSON
can — like a
student who has multiple email addresses.

This will show you exactly why both formats exist.

20.4.1 Understanding JSON Structure
Here’s a contact list in JSON:

{
"contacts": [

{
"name": "Alice Smith",
"phone": "555-1234",
"email": "alice@email.com",
"tags": ["friend", "work"]

},
{

"name": "Bob Jones",
"phone": "555-5678",
"email": "bob@email.com",
"tags": ["family"]

}
],
"last_updated": "2024-03-15"

}

Look familiar? It’s like the dictionaries you’ve been using!

20.4.2 Working with JSON Data
Python makes JSON easy:

import json
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def load_contacts(filename):
"""Load contacts from JSON file"""
with open(filename, 'r') as file:

data = json.load(file)
return data

def save_contacts(contacts, filename):
"""Save contacts to JSON file"""
with open(filename, 'w') as file:

json.dump(contacts, file, indent=4)

# Use it
data = load_contacts('contacts.json')
print(f"You have {len(data['contacts'])}
contacts")

LIGHTBULB AI Learning Pattern

Ask AI: “I have a JSON file with nested data. Show me how to navigate through
it step by step, printing what’s at each level.”

20.4.3 JSON vs CSV: Choosing the Right Format
Use CSV when: - Data is tabular (rows and columns) - You need Excel compatibility -
Structure is simple and flat

Use JSON when: - Data has nested relationships - You need flexible structure - Working
with web APIs

20.5 Real-World Data Analysis
Let’s combine everything into a practical example - analysing weather data:

20.5.1 The Weather Data Project
Imagine you have weather data in CSV format:

Date,Temperature,Humidity,Conditions
2024-03-01,72,65,Sunny
2024-03-02,68,70,Cloudy
2024-03-03,65,80,Rainy

Let’s build an analyzer:

def analyze_weather(filename):
"""analyse weather patterns"""
data = []

# Read the data
with open(filename, 'r') as file:

header = file.readline()
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for line in file:
parts = line.strip().split(',')
data.append({

'date': parts[0],
'temp': int(parts[1]),
'humidity': int(parts[2]),
'conditions': parts[3]

})

# Find patterns
temps = [day['temp'] for day in data]
avg_temp = sum(temps) / len(temps)

rainy_days = [day for day in data if
day['conditions'] == 'Rainy']

return {
'average_temperature': avg_temp,
'total_days': len(data),
'rainy_days': len(rainy_days),
'data': data

}

20.6 Data Cleaning: The Hidden Challenge
Real-world data is messy! Here’s what you’ll encounter:

20.6.1 Common Data Problems
1. Missing values - Empty cells or “N/A”
2. Inconsistent formats - “3/15/24” vs “2024-03-15”
3. Extra spaces - ” Alice ” vs “Alice”
4. Wrong types - “123” stored as text

20.6.2 Cleaning Strategies

def clean_value(value):
"""Clean a data value"""
# Remove extra spaces
value = value.strip()

# Handle empty values
if value == "" or value == "N/A":

return None

return value

def safe_int(value):
"""Convert to int safely"""
try:
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return int(value)
except ValueError:

return 0

Exclamation Data Cleaning Reality

Professional programmers spend 80% of their time cleaning data! When working
with AI, always ask: “What could go wrong with this data? Show me how to
handle those cases.”

20.7 Building a Data Pipeline
A data pipeline is a series of steps that transform raw data into useful information:

1. Load - Read from file
2. Clean - Fix problems
3. Transform - Calculate new values
4. analyse - Find patterns
5. Report - Present results

20.7.1 Example: Student Performance Pipeline

def process_student_data(csv_file):
"""Complete pipeline for student data"""
# Load
students = load_csv(csv_file)

# Clean
for student in students:

student['grades'] = [safe_int(g) for g in
student['grades']]

# Transform
for student in students:

student['average'] =
calculate_average(student['grades'])
student['letter_grade'] =
get_letter_grade(student['average'])

# analyse
class_average = sum(s['average'] for s in
students) / len(students)

# Report
print(f"Class Average: {class_average:.1f}")
print("\nTop Students:")
top_students = sorted(students, key=lambda s:
s['average'], reverse=True)[:3]
for student in top_students:
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print(f" {student['name']}:
{student['average']:.1f}")

20.8 Working with Large Files

Sometimes data files are huge - millions of rows! Here’s how to handle them:

20.8.1 Reading Files in Chunks
def process_large_file(filename, chunk_size=1000):

"""Process a large file in chunks"""
with open(filename, 'r') as file:

header = file.readline()

chunk = []
for line in file:

chunk.append(line.strip())

if len(chunk) >= chunk_size:
process_chunk(chunk)
chunk = []

# Don't forget the last chunk!
if chunk:

process_chunk(chunk)

LIGHTBULB Memory Management

When AI suggests loading entire files into memory, ask: “What if this file had a
million rows? Show me how to process it in chunks.”

20.9 Data Formats Quick Reference

20.9.1 CSV Quick Reference
# Read CSV
with open('data.csv', 'r') as file:

lines = file.readlines()

# Write CSV
with open('output.csv', 'w') as file:

file.write('Name,Score\n')
file.write('Alice,95\n')
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20.9.2 JSON Quick Reference

# Read JSON
import json
with open('data.json', 'r') as file:

data = json.load(file)

# Write JSON
with open('output.json', 'w') as file:

json.dump(data, file, indent=4)

20.10 Common Pitfalls and Solutions
20.10.1 Pitfall 1: Assuming Clean Data
Problem: Your code crashes on real data Solution: Always validate and clean first

20.10.2 Pitfall 2: Loading Everything at Once
Problem: Program runs out of memory Solution: Process in chunks

20.10.3 Pitfall 3: Hardcoding Column Positions
Problem: Code breaks when columns change Solution: Use header row to find columns

20.10.4 Pitfall 4: Ignoring Encoding Issues
Problem: Special characters appear as ??? Solution: Specify encoding when opening
files

20.11 Common AI Complications
When you ask AI to help with data processing, watch for these patterns where it
overcomplicates things.

Pandas for everything. Ask AI to read a CSV file and it will often reach for pandas,
a powerful data analysis library. For simple tasks — reading rows, calculating averages,
filtering — Python’s built-in csv module or even plain string splitting is simpler and
teaches you more. Save pandas for when you actually need its power.

One-liner list comprehensions. AI loves to compress data processing into dense sin-
gle lines like [{k: (int(v) if v.isdigit() else v) for k, v in zip(headers,
line.split(','))} for line in open('data.csv').readlines()[1:]]. This is
clever but unreadable. A simple for loop with clear variable names is almost always
better when you’re learning.

Over-engineered error handling. AI might wrap every line in try/except blocks or
create elaborate validation classes for a 20-line script. Start with the straightforward
version. Add error handling where your program actually crashes on real data.

Ask your AI:
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Show me the simplest possible way to read a CSV
file and print
each row. No pandas, no list comprehensions, just
basic Python.

Compare what you get to earlier responses. Simpler is almost always better when you’re
learning.

20.12 Practice Projects

20.12.1 Project 1: Grade Book Analyzer
Create a program that: - Reads student grades from CSV - Calculates averages and
letter grades - Identifies struggling students - Generates a summary report

20.12.2 Project 2: Weather Tracker
Build a system that: - Loads historical weather data - Finds temperature trends -
Identifies extreme weather days - Exports summaries to JSON

20.12.3 Project 3: Sales Data Processor
Develop a tool that: - Processes sales transactions (CSV) - Calculates daily/monthly
totals - Finds best-selling products - Handles refunds and errors

20.13 Connecting to the Real World
Working with data files is your bridge to real-world programming. Every business
runs on data: - Scientists analyse research data - Teachers track student progress -
Businesses monitor sales and inventory - Developers process application logs

The skills you’ve learned here apply everywhere!

20.14 Looking Ahead
Next chapter, you’ll learn to get data from the internet using APIs - taking your programs
from working with static files to live, updating information. Imagine weather data that’s
always current, or stock prices that update in real-time!

20.15 Chapter Summary
You’ve learned to: - Read and write CSV files for tabular data - Work with JSON for
complex, nested data - Clean and validate real-world data - Process large files efficiently
- Build complete data pipelines

These aren’t just programming skills - they’re data literacy skills that apply whether
you’re coding, using spreadsheets, or just understanding how modern applications work.
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20.16 Reflection Prompts
1. Data Format Choice: When would you choose CSV vs JSON for a project?
2. Error Handling: What could go wrong when reading data files?
3. Real Applications: What data would you like to analyse with these skills?
4. Pipeline Thinking: How does breaking processing into steps help?

Remember: Every major application works with data files. You now have the foundation
to build real tools that solve real problems!
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Chapter 21

Chapter 11: Connected
Programs

INFO Chapter Summary

In this chapter, you’ll learn how to connect your programs to the internet. You’ll
discover APIs (Application Programming Interfaces), make web requests, and
process real-time data. This is where your programs join the global conversation!

21.1 The Concept First
Every program you’ve written so far lives in isolation. It knows only what you type in or
save to a file. But the most useful programs in the world – weather apps, price trackers,
news readers – all have one thing in common: they talk to other programs across the
internet to get fresh, live information.

This is a fundamental shift. Your program stops being a closed box and becomes part of
a network. Instead of containing all the data it needs, it asks for data from services that
already have it. That’s the idea behind connected programs, and it’s how most modern
software actually works.

21.2 Understanding Through Real Life
Think about how you already get information from remote sources every day: - You
check the weather on your phone (your phone asks a weather service) - You look up a
word’s definition (your browser asks a dictionary service) - You check your bank balance
(your bank’s app asks the bank’s server) - You translate a phrase (a translation service
does the work remotely)

In every case, the pattern is the same: you make a request, a remote service processes it,
and you get a response back. Your programs can do exactly the same thing.

219
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21.3 Understanding APIs: How Programs Talk
An API (Application Programming Interface) is like a restaurant menu for programs.
Just as a menu tells you what dishes you can order and how much they cost, an API
tells your program what data it can request and how to ask for it.

21.3.1 The Restaurant Analogy
Think of APIs like this: 1. Menu (API Documentation) - Lists what’s available 2.
Order (Request) - You ask for specific items 3. Kitchen (Server) - Prepares your data
4. Delivery (Response) - You receive what you ordered

You never walk into the kitchen yourself. You don’t need to know how the food is
prepared – you just need to know what’s on the menu and how to order. APIs work the
same way: your program doesn’t need to know how a weather service collects its data,
only how to ask for it and what the answer will look like.

INFO Mental Model: The Request-Response Cycle

Every API interaction follows the same three steps: (1) your program sends a
request to a specific URL, (2) a remote server processes that request, and (3)
the server sends back a response containing data (usually in JSON format) and a
status code telling you whether it worked. Once you understand this cycle, every
API in the world follows the same pattern.

21.4 Discovering APIs with Your AI Partner
Before writing any code, let’s build intuition for how connected programs work.

21.4.1 Exploration 1: APIs in Your Daily Life
Ask your AI:

Give me 5 examples of APIs that regular phone apps
use behind the scenes, explained without code.
What requests do they send, and what responses
come back?

You’ll start to see that APIs are everywhere, quietly powering the apps you already use.

21.4.2 Exploration 2: The Request-Response Pattern
Try this prompt:

Using the restaurant analogy, walk me through what
happens step by step when a weather app on my
phone shows today's forecast. What is the "order"?
What is the "menu"? What gets "delivered"?

This will solidify the mental model before you see any code.
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21.4.3 Exploration 3: What Can Go Wrong
Ask:

What are the most common reasons an API request
might fail? Explain using the restaurant analogy
-- what could go wrong between ordering and
getting your food?

Understanding failure modes early makes error handling feel natural later.

21.5 From Concept to Code
Now that you understand the pattern, let’s see it in Python.

21.5.1 Your First API Call
Let’s start with something fun – getting a random joke:

import requests

# Make a request to the joke API
response =
requests.get("https://official-joke-api.appspot.com/random_joke")

# Convert the response from JSON to a Python
dictionary
# JSON is a standard text format for sending data
between programs
joke_data = response.json()

# Display the joke
print(joke_data['setup'])
print(joke_data['punchline'])

Exclamation Installing Libraries

This chapter uses the requests library. When AI suggests libraries, always ask:
“How do I install this library? What does it do that Python can’t do by itself?”

21.6 How Web Requests Work
When your program “talks” to the internet, it follows a simple conversation pattern:

1. Request: “Hey weather service, what’s the temperature in Boston?”
2. Response: “It’s 72°F, partly cloudy”

Every response comes with a status code – a number that tells you whether things
went well. Think of it like a delivery receipt: 200 means “here’s your data,” 401 means
“you’re not authorized,” 404 means “we don’t have that,” and 500 means “something
broke on our end.” You don’t need to memorize these; you just need to know that 200
means success and anything else means something went wrong.
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21.6.1 The Request-Response Cycle

def get_weather(city):
"""Get current weather for a city"""
# 1. Build the request URL
base_url =
"http://api.weatherapi.com/v1/current.json"
params = {

'key': 'your_api_key_here',
'q': city

}

# 2. Send the request
response = requests.get(base_url,
params=params)

# 3. Check if it worked
if response.status_code == 200:

# 4. Extract the data
data = response.json()
return data['current']['temp_f']

else:
return None

LIGHTBULB AI Partnership Pattern

When working with new APIs, ask AI: “I want to use the [service] API. Show me
the simplest possible example that gets one piece of data.”

21.7 Working with JSON Responses
Most APIs return data in JSON (JavaScript Object Notation) format. JSON looks
almost identical to Python dictionaries and lists, which is why response.json() converts
the response directly into Python data structures you already know how to use. If you’ve
worked with dictionaries, you already know how to work with JSON.

21.7.1 Exploring API Responses
When you get data from an API, explore it first:

def explore_api_response(url):
"""Explore what an API returns"""
response = requests.get(url)
data = response.json()

# Print the structure
print("Response contains:")
for key in data.keys():

print(f" - {key}: {type(data[key])}")
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return data

# Try it with a quote API
quote_data =
explore_api_response("https://api.quotable.io/random")

Exclamation-Triangle Expression Explorer: Dictionary Access

When you see data['current']['temp_f'], you’re accessing nested dictionaries.
Ask AI: “Show me how to safely access nested dictionary values when keys might
not exist.”

21.8 API Keys: Your Program’s ID Card
Some APIs are open to everyone (like the joke API above), but many require an API
key – a unique string that identifies your program. Think of it like a library card: the
library is free to use, but they need to know who you are so they can manage how many
books you borrow. API keys let services track usage and prevent abuse.

21.8.1 Getting and Using API Keys
1. Sign up at the API provider’s website
2. Get your key from your account dashboard
3. Keep it secret - never put keys in your code!
4. Use it in requests as shown below

def get_news_headlines():
"""Get top news headlines"""
# DON'T DO THIS - key exposed in code!
# api_key = "abc123mysecretkey"

# DO THIS - read from environment or file
with open('api_keys.txt', 'r') as f:

api_key = f.readline().strip()

url = "https://newsapi.org/v2/top-headlines"
params = {

'apiKey': api_key,
'country': 'us',
'pageSize': 5

}

response = requests.get(url, params=params)
return response.json()

21.9 Building a Weather Dashboard
Now that you understand the building blocks – requests, responses, JSON, and API
keys – let’s combine them into something useful. This weather comparison tool applies
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every concept from the previous sections:

def create_weather_dashboard(cities):
"""Compare weather across multiple cities"""
api_key = load_api_key('weather_key.txt')
weather_data = []

for city in cities:
url =
f"http://api.weatherapi.com/v1/current.json"
params = {'key': api_key, 'q': city}

response = requests.get(url,
params=params)
if response.status_code == 200:

data = response.json()
weather_data.append({

'city': city,
'temp': data['current']['temp_f'],
'condition':
data['current']['condition']['text'],
'humidity':
data['current']['humidity']

})

# Display the dashboard
print("\n� WEATHER DASHBOARD � ")
print("=" * 40)
for weather in weather_data:

print(f"\n{weather['city']}:")
print(f" Temperature:
{weather['temp']}°F")
print(f" Condition:
{weather['condition']}")
print(f" Humidity:
{weather['humidity']}%")

21.10 Handling API Errors Gracefully
Unlike files on your computer, APIs depend on the internet, remote servers, and services
you don’t control. Things will go wrong, and your program needs to handle failures
without crashing:

21.10.1 Common API Problems
1. No Internet Connection - Can’t reach the server
2. Invalid API Key - Authentication failed
3. Rate Limiting - Too many requests
4. Server Errors - API is down
5. Invalid Data - Unexpected response format
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21.10.2 Error Handling Strategies

def safe_api_call(url, params=None):
"""Make an API call with error handling"""
try:

response = requests.get(url,
params=params, timeout=5)

# Check status code
if response.status_code == 200:

return response.json()
elif response.status_code == 401:

print("Error: Invalid API key")
elif response.status_code == 429:

print("Error: Too many requests - slow
down!")

else:
print(f"Error:
{response.status_code}")

except requests.ConnectionError:
print("Error: No internet connection")

except requests.Timeout:
print("Error: Request timed out")

except Exception as e:
print(f"Unexpected error: {e}")

return None

Exclamation Rate Limiting Reality

Most free APIs limit how many requests you can make. Always check the docu-
mentation and add delays between requests if needed:

import time
time.sleep(1) # Wait 1 second between requests

21.11 Creating a Currency Converter
With error handling in place, let’s build something practical – a live currency converter.
Notice how this example uses a free API that doesn’t require a key, making it a great
one to try yourself:

def get_exchange_rate(from_currency, to_currency):
"""Get current exchange rate"""
url =
"https://api.exchangerate-api.com/v4/latest/"
+ from_currency

response = requests.get(url)
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if response.status_code == 200:
data = response.json()
rate = data['rates'].get(to_currency)
return rate

return None

def convert_currency(amount, from_currency,
to_currency):

"""Convert between currencies"""
rate = get_exchange_rate(from_currency,
to_currency)

if rate:
converted = amount * rate
print(f"{amount} {from_currency} =
{converted:.2f} {to_currency}")
print(f"Exchange rate: 1 {from_currency} =
{rate} {to_currency}")

else:
print("Could not get exchange rate")

# Use it
convert_currency(100, "USD", "EUR")

21.12 Working with Different API Types
You’ll encounter different styles of APIs as you explore. For now, REST APIs are all
you need – they’re the most common and the simplest to understand. The others are
worth knowing about so you recognize the terms when AI mentions them.

21.12.1 REST APIs (Most Common)
• Request specific URLs
• Get JSON responses
• Like ordering from a menu

21.12.2 Real-time APIs
• Continuous data streams
• Like a news ticker
• More complex to handle

21.12.3 GraphQL APIs
• Request exactly what you need
• Like a customizable menu
• Growing in popularity
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21.13 Building a News Aggregator
Let’s create a program that collects news from multiple sources:

def get_tech_news():
"""Get latest technology news"""
api_key = load_api_key('news_key.txt')

# Get news from API
url = "https://newsapi.org/v2/top-headlines"
params = {

'apiKey': api_key,
'category': 'technology',
'pageSize': 10

}

response = requests.get(url, params=params)
if response.status_code == 200:

articles = response.json()['articles']

# Display headlines
print("\n� LATEST TECH NEWS")
print("=" * 50)
for i, article in enumerate(articles, 1):

print(f"\n{i}. {article['title']}")
print(f" Source:
{article['source']['name']}")
print(f"
{article['description'][:100]}...")

# Run the aggregator
get_tech_news()

21.14 API Best Practices
21.14.1 1. Cache Responses
Don’t request the same data repeatedly:

cache = {}

def get_cached_weather(city):
if city not in cache:

cache[city] = fetch_weather_from_api(city)
return cache[city]

21.14.2 2. Handle Timeouts
Networks can be slow:

response = requests.get(url, timeout=5) # 5
second timeout
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21.14.3 3. Validate Data
APIs can return unexpected data:

def safe_get(data, *keys):
"""Safely navigate nested dictionaries"""
for key in keys:

if isinstance(data, dict):
data = data.get(key)

else:
return None

return data

# Use: safe_get(data, 'current', 'temp_f')

21.15 Creating Your API Toolkit
Once you’ve written a few API calls, you’ll notice you’re repeating the same steps: build
a URL, send a request, check the status, parse the JSON. That repetition is a signal
that it’s time to build reusable tools:

class APIClient:
"""Reusable API client"""

def __init__(self, base_url, api_key=None):
self.base_url = base_url
self.api_key = api_key
self.session = requests.Session()

def get(self, endpoint, params=None):
"""Make a GET request"""
url = self.base_url + endpoint

if self.api_key:
if params is None:

params = {}
params['api_key'] = self.api_key

try:
response = self.session.get(url,
params=params)
response.raise_for_status()
return response.json()

except
requests.exceptions.RequestException as e:

print(f"API Error: {e}")
return None

# Use your toolkit
weather_client =
APIClient("http://api.weatherapi.com/v1/",
api_key="your_key")
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data = weather_client.get("current.json", {"q":
"Boston"})

21.16 Real Project: Multi-Source Dashboard
Let’s combine multiple APIs into one useful program:

def create_morning_briefing():
"""Get weather, news, and quote for the day"""
print("\n� GOOD MORNING! Here's your
briefing:\n")

# Weather
weather = get_weather("New York")
if weather:

print(f"� Weather: {weather['temp']}°F,
{weather['condition']}")

# Motivational quote
quote = get_daily_quote()
if quote:

print(f"\n� Quote of the day:
\"{quote['content']}\"")
print(f" - {quote['author']}")

# Top news
news = get_headlines(3)
if news:

print("\n� Top Headlines:")
for headline in news:

print(f" • {headline}")

# Currency rates
rates = get_currency_rates("USD", ["EUR",
"GBP", "JPY"])
if rates:

print("\n� Currency Rates:")
for currency, rate in rates.items():

print(f" • 1 USD = {rate}
{currency}")

21.17 Common AI Complications
When you ask AI to help you make API calls, it tends to build a spaceship when you
need a bicycle. Here’s a typical example of what AI produces when you ask “How do I
get data from an API?”:

import requests
from requests.adapters import HTTPAdapter
from urllib3.util.retry import Retry
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class ResilientAPIClient:
"""Production-grade API client with retry
logic,
session management, exponential backoff, and
custom exception hierarchy."""

def __init__(self, base_url, api_key,
max_retries=3,

backoff_factor=0.5,
timeout=(3.05, 27)):

self.session = requests.Session()
retry_strategy = Retry(

total=max_retries,
backoff_factor=backoff_factor,
status_forcelist=[429, 500, 502, 503,
504]

)
adapter =
HTTPAdapter(max_retries=retry_strategy)
self.session.mount("https://", adapter)
self.session.mount("http://", adapter)
self.session.headers.update({

'Authorization': f'Bearer {api_key}',
'Accept': 'application/json'

})
self.base_url = base_url
self.timeout = timeout

def get(self, endpoint, params=None):
try:

response = self.session.get(
f"{self.base_url}/{endpoint}",
params=params,
timeout=self.timeout

)
response.raise_for_status()
return response.json()

except requests.exceptions.HTTPError as e:
raise APIError(f"HTTP error: {e}")
from e

except requests.exceptions.ConnectionError
as e:

raise NetworkError(f"Connection
failed: {e}") from e

That’s 35+ lines before you’ve even asked for any data! For learning and most small
projects, all you need is this:

import requests

response =
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requests.get("https://api.example.com/data")
if response.status_code == 200:

data = response.json()
print(data)

else:
print(f"Something went wrong:
{response.status_code}")

LIGHTBULB Simplification Strategy

When AI gives you a complex API client with sessions, retry adapters, custom
exceptions, and connection pooling, ask: “Can you show me the simplest version
that makes one successful request and handles basic errors with try/except?” You
can always add complexity later when you understand why you need it.

Watch for these specific over-engineering patterns:

• Session objects when you’re making a single request
• Retry logic with exponential backoff when you’re just learning how APIs

work
• Custom exception hierarchies when a simple try/except tells you everything

you need to know
• Connection pooling and adapter mounting which are performance optimiza-

tions for production servers, not learning exercises

Start simple. Add complexity only when a real problem demands it.

21.18 Common Pitfalls and Solutions
21.18.1 Pitfall 1: Hardcoding API Keys
Problem: Keys in code are security risks Solution: Use environment variables or
secure files

21.18.2 Pitfall 2: No Error Handling
Problem: Program crashes when API fails Solution: Always use try/except blocks

21.18.3 Pitfall 3: Ignoring Rate Limits
Problem: API blocks your requests Solution: Add delays and check documentation

21.18.4 Pitfall 4: Not Checking Response Status
Problem: Assuming all requests succeed Solution: Always check status_code

21.19 Practice Projects
21.19.1 Project 1: Weather Tracker

• Track weather for multiple cities
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• Store historical data
• Find weather patterns
• Alert for extreme conditions

21.19.2 Project 2: Stock Portfolio Monitor
• Track stock prices
• Calculate gains/losses
• Set price alerts
• Generate reports

21.19.3 Project 3: News Sentiment Analyzer
• Collect news articles
• analyse headlines
• Track topics over time
• Create summaries

21.20 Looking Ahead
Next chapter, you’ll learn to create interactive programs with graphical interfaces.
Instead of just printing to the console, your programs will have buttons, windows, and
visual elements that users can click and interact with!

21.21 Chapter Summary
You’ve learned to: - Understand how APIs work - Make web requests from Python -
Handle JSON responses - Manage API keys securely - Build programs that use live data
- Handle errors gracefully

Your programs are no longer isolated - they’re connected to the world’s information!

21.22 Reflection Prompts
1. API Design: What makes a good API vs a frustrating one?
2. Error Planning: What could go wrong with internet-connected programs?
3. Privacy Concerns: What data should programs be careful about?
4. Future APIs: What APIs would you like to exist?

Remember: The internet is your program’s library. APIs are the librarians that help
you find exactly what you need!
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Chapter 12: Interactive
Systems

INFO Chapter Summary

In this chapter, you’ll learn to create programs with graphical user interfaces
(GUIs). You’ll move beyond the console to build applications with buttons, text
fields, and windows that users can click and interact with. This is where your
programs become apps!

22.1 Introduction: From Console to Canvas
All your programs so far have lived in the console - that text-based world of print() and
input(). But most software you use daily has windows, buttons, menus, and graphics.
In this chapter, you’ll learn to build those kinds of programs.

Think about the apps you use: - They have buttons you can click - Text fields where you
type - Menus you can navigate - Images and colors - Multiple things happening at once

This chapter teaches you to create all of these. But more importantly, it introduces a
fundamentally different way of thinking about how programs run.

22.2 Understanding Event-Driven Programming
Until now, every program you’ve written runs top to bottom. Line 1 executes, then line
2, then line 3. Even with functions and loops, you control the order. Your program asks
a question with input(), waits for an answer, and moves on.

GUI programs abandon that model entirely. Instead of your code deciding what happens
next, the user decides. They might click a button, type in a text field, resize the window,
or do nothing at all. Your program has to be ready for any of those actions, in any order,
at any time. This is event-driven programming, and it requires a genuine shift in
how you think about code.
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22.2.1 The Event Loop
Think of the event loop like a receptionist at a front desk. The receptionist doesn’t
decide who walks in or when - they simply wait, and when someone arrives, they handle
the request and go back to waiting. Your GUI program works the same way: it sets
everything up, then hands control to an event loop that watches for user actions and
dispatches them to the right handler.

Here’s the cycle:

1. Setup - Create window and widgets
2. Wait - Program waits for user action
3. React - User clicks/types/moves
4. Update - Program responds
5. Repeat - Back to waiting

That final call to mainloop() in every tkinter program is where your code says: “I’m
done setting up. Start the receptionist.”

import tkinter as tk

# Create window
window = tk.Tk()
window.title("My First GUI")

# Add a label
label = tk.Label(window, text="Hello, GUI World!")
label.pack()

# Start the event loop
window.mainloop()

LIGHTBULB AI Partnership for GUIs

When learning GUI programming, ask AI: “Show me the simplest possible tkinter
program with just one button that prints ‘clicked’ when pressed.”

22.2.2 Discovering GUIs with Your AI Partner
The jump to event-driven programming is big enough that it’s worth exploring before
you start building.

Ask your AI:

Compare a console-based number guessing game with
a GUI version of the same game.
Show both side by side and explain how the flow of
control differs.

Notice how the console version uses a while loop to keep asking, but the GUI version
sets up widgets once and lets the event loop handle everything after that.

Try this follow-up:
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In a tkinter program, what happens if I put a
long-running calculation
inside a button's command function? Why does the
window freeze?

This reveals something important about the event loop: while your handler is running,
the receptionist is busy and can’t respond to anyone else.

22.3 Your First Interactive Window
Now that you understand the event-driven model, let’s build something with it. The key
pattern is always the same: create widgets, connect them to handler functions, and start
the event loop. Here’s a simple temperature converter:

import tkinter as tk

def convert_temperature():
"""Convert Celsius to Fahrenheit"""
celsius = float(entry.get())
fahrenheit = celsius * 9/5 + 32
result_label.config(text=f"{fahrenheit:.1f}°F")

# Create main window
window = tk.Tk()
window.title("Temperature Converter")
window.geometry("300x150")

# Create widgets
tk.Label(window, text="Enter Celsius:").pack()
entry = tk.Entry(window)
entry.pack()

convert_button = tk.Button(window, text="Convert",
command=convert_temperature)
convert_button.pack()

result_label = tk.Label(window, text="")
result_label.pack()

# Run the program
window.mainloop()

INFO Expression Explorer: Lambda Functions

You’ll see lambda appear frequently in GUI code, so it’s worth understanding
before we go further. A lambda is simply a small, anonymous function written on
one line. Where you’d normally write:

def set_red():
set_color('red')
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You can instead write lambda: set_color('red'). It does the same thing -
creates a function that calls set_color('red') - but without needing a name.
This is especially useful in GUIs when you need to create many similar button
commands. You’ll see it in action shortly.
Ask your AI:

Show me three examples of lambda in tkinter button
commands.
Then show the same thing using regular named
functions.
When would I prefer one over the other?

22.4 Building Blocks of GUIs
With the basic pattern under your belt - create widgets, connect handlers, run the event
loop - let’s look at the building blocks you have to work with.

22.4.1 Common Widgets
Think of widgets like LEGO blocks for your interface:

1. Label - Displays text or images
2. Button - Clickable actions
3. Entry - Single-line text input
4. Text - Multi-line text area
5. Frame - Container for organisation
6. Canvas - Drawing and graphics

22.4.2 Layout Managers
Layout managers arrange your widgets:

# Pack - Simple stacking
label.pack(side="top")
button.pack(side="bottom")

# Grid - Table-like layout
label.grid(row=0, column=0)
entry.grid(row=0, column=1)

# Place - Exact positioning
button.place(x=10, y=50)

22.5 Creating a To-Do List Application
You’ve seen individual widgets and layout managers. Now let’s combine them into a
complete, useful application. This to-do list uses a class to keep all the related widgets
and functions organised together:
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import tkinter as tk

class TodoApp:
def __init__(self, root):

self.root = root
self.root.title("My To-Do List")
self.root.geometry("400x500")

# Create widgets
self.create_widgets()

def create_widgets(self):
# Title
title = tk.Label(self.root, text="To-Do
List", font=("Arial", 20))
title.pack(pady=10)

# Entry frame
entry_frame = tk.Frame(self.root)
entry_frame.pack(pady=10)

self.task_entry = tk.Entry(entry_frame,
width=30)
self.task_entry.pack(side="left", padx=5)

add_button = tk.Button(entry_frame,
text="Add Task", command=self.add_task)
add_button.pack(side="left")

# Task list
self.task_listbox = tk.Listbox(self.root,
width=50, height=15)
self.task_listbox.pack(pady=10)

# Delete button
delete_button = tk.Button(self.root,
text="Delete Selected",
command=self.delete_task)
delete_button.pack()

def add_task(self):
task = self.task_entry.get()
if task:

self.task_listbox.insert(tk.END, task)
self.task_entry.delete(0, tk.END)

def delete_task(self):
try:

index =
self.task_listbox.curselection()[0]
self.task_listbox.delete(index)
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except IndexError:
pass

# Run the app
root = tk.Tk()
app = TodoApp(root)
root.mainloop()

22.6 Event Handling: Making Things Happen
In the to-do app, we only handled button clicks. But the event loop can respond to
much more than that - key presses, mouse movements, window resizing, and more. Let’s
look at how to connect your code to these different kinds of user actions:

22.6.1 Common Events

# Button click
button = tk.Button(window, text="Click Me",
command=handle_click)

# Key press
entry.bind('<Return>', handle_enter_key)

# Mouse events
canvas.bind('<Button-1>', handle_left_click)
canvas.bind('<Motion>', handle_mouse_move)

# Window events
window.bind('<Configure>', handle_resize)

22.6.2 Event Handler Functions

def handle_click():
print("Button clicked!")

def handle_enter_key(event):
print(f"Enter pressed, text: {entry.get()}")

def handle_mouse_move(event):
print(f"Mouse at {event.x}, {event.y}")

Exclamation Event Function Parameters

Notice how some handlers have an event parameter and others don’t? Button
commands don’t pass events, but bindings do. Always check what your handler
receives!
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22.7 Building a Simple Drawing App

Let’s create a program where users can draw:

import tkinter as tk

class DrawingApp:
def __init__(self, root):

self.root = root
self.root.title("Simple Drawing")

# Drawing state
self.drawing = False
self.last_x = None
self.last_y = None

# Create canvas
self.canvas = tk.Canvas(root, width=600,
height=400, bg="white")
self.canvas.pack()

# Bind mouse events
self.canvas.bind('<Button-1>',
self.start_draw)
self.canvas.bind('<B1-Motion>', self.draw)
self.canvas.bind('<ButtonRelease-1>',
self.stop_draw)

# Add controls
self.create_controls()

def create_controls(self):
control_frame = tk.Frame(self.root)
control_frame.pack()

# Color buttons
colors = ['black', 'red', 'blue', 'green',
'yellow']
for color in colors:

btn = tk.Button(control_frame,
bg=color, width=3,

command=lambda c=color:
self.set_color(c))

btn.pack(side="left", padx=2)

# Clear button
clear_btn = tk.Button(control_frame,
text="Clear", command=self.clear_canvas)
clear_btn.pack(side="left", padx=10)

self.current_color = 'black'
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def start_draw(self, event):
self.drawing = True
self.last_x = event.x
self.last_y = event.y

def draw(self, event):
if self.drawing:

self.canvas.create_line(self.last_x,
self.last_y, event.x, event.y,

fill=self.current_color,
width=2)

self.last_x = event.x
self.last_y = event.y

def stop_draw(self, event):
self.drawing = False

def set_color(self, color):
self.current_color = color

def clear_canvas(self):
self.canvas.delete("all")

# Run the app
root = tk.Tk()
app = DrawingApp(root)
root.mainloop()

22.8 Working with User Input
With console programs, input() always returns a string and your program stops to wait
for it. In a GUI, user input arrives whenever the user decides to type or click, and you
need to validate it without halting the event loop. Here are the key patterns:

22.8.1 Input Validation

def validate_number_input():
"""Check if entry contains a valid number"""
try:

value = float(entry.get())
error_label.config(text="")
return value

except ValueError:
error_label.config(text="Please enter a
number", fg="red")
return None

def process_input():
value = validate_number_input()
if value is not None:
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# Process the valid input
result = value * 2
result_label.config(text=f"Result:
{result}")

22.8.2 Providing Feedback
Good GUIs tell users what’s happening:

def long_operation():
# Show progress
status_label.config(text="Processing...")
root.update() # Force display update

# Do the work
import time
time.sleep(2) # Simulate work

# Show completion
status_label.config(text="Complete!",
fg="green")

22.9 Creating Menus and Dialogs
Professional applications have menus and dialog boxes:

22.9.1 Menu Bar

def create_menu():
menubar = tk.Menu(root)
root.config(menu=menubar)

# File menu
file_menu = tk.Menu(menubar, tearoff=0)
menubar.add_cascade(label="File",
menu=file_menu)
file_menu.add_command(label="New",
command=new_file)
file_menu.add_command(label="Open",
command=open_file)
file_menu.add_separator()
file_menu.add_command(label="Exit",
command=root.quit)

# Edit menu
edit_menu = tk.Menu(menubar, tearoff=0)
menubar.add_cascade(label="Edit",
menu=edit_menu)
edit_menu.add_command(label="Cut",
command=cut_text)
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edit_menu.add_command(label="Copy",
command=copy_text)
edit_menu.add_command(label="Paste",
command=paste_text)

22.9.2 Dialog Boxes

from tkinter import messagebox, filedialog

def show_info():
messagebox.showinfo("Information", "This is an
info dialog")

def ask_yes_no():
result = messagebox.askyesno("Question", "Do
you want to continue?")
if result:

print("User clicked Yes")

def choose_file():
filename = filedialog.askopenfilename(

title="Select a file",
filetypes=(("Text files", "*.txt"), ("All
files", "*.*"))

)
if filename:

print(f"Selected: {filename}")

22.10 Building a Calculator
Let’s create a functional calculator with a GUI:

import tkinter as tk

class Calculator:
def __init__(self, root):

self.root = root
self.root.title("Calculator")
self.root.geometry("300x400")

self.current = ""
self.display_var = tk.StringVar()
self.display_var.set("0")

self.create_display()
self.create_buttons()

def create_display(self):
display = tk.Entry(self.root,
textvariable=self.display_var,
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font=("Arial", 20),
justify="right")

display.grid(row=0, column=0,
columnspan=4, padx=5, pady=5)

def create_buttons(self):
# Button layout
buttons = [

'7', '8', '9', '/',
'4', '5', '6', '*',
'1', '2', '3', '-',
'C', '0', '=', '+'

]

row = 1
col = 0
for button in buttons:

cmd = lambda x=button: self.click(x)
tk.Button(self.root, text=button,
width=5, height=2,

command=cmd).grid(row=row,
column=col, padx=2, pady=2)

col += 1
if col > 3:

col = 0
row += 1

def click(self, key):
if key == '=':

try:
result = eval(self.current)
self.display_var.set(result)
self.current = str(result)

except:
self.display_var.set("Error")
self.current = ""

elif key == 'C':
self.current = ""
self.display_var.set("0")

else:
self.current += key
self.display_var.set(self.current)

# Run calculator
root = tk.Tk()
calc = Calculator(root)
root.mainloop()
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Exclamation-Triangle Security Note

Using eval() is dangerous in real applications! For learning it’s okay, but ask AI:
“How can I evaluate math expressions safely without using eval()?”

22.11 Managing Application State

In a console program, state is straightforward: variables hold values, and your code
updates them in a predictable sequence. GUI state is harder because changes can come
from anywhere - a button click, a menu selection, a timer, or a key press - and the
display needs to stay in sync with the data at all times. If your data changes but the
screen doesn’t update, or the screen shows something that doesn’t match your data,
users see bugs. Keeping data and display synchronised is the central challenge of GUI
programming.

22.11.1 State Management Pattern
class AppState:

def __init__(self):
self.data = []
self.current_file = None
self.is_modified = False

def add_item(self, item):
self.data.append(item)
self.is_modified = True

def save_state(self):
if self.current_file:

with open(self.current_file, 'w') as
f:

json.dump(self.data, f)
self.is_modified = False

def check_save_needed(self):
if self.is_modified:

return messagebox.askyesno("Save?",
"Save changes before closing?")

return True

22.12 Creating Responsive Interfaces

Remember the receptionist metaphor? If a handler takes a long time to finish, the
receptionist can’t greet anyone else - and the window freezes. Good GUIs stay responsive
even during long operations by breaking work into small pieces:
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22.12.1 Using After() for Updates

def update_clock():
"""Update time display every second"""
current_time = time.strftime("%H:%M:%S")
time_label.config(text=current_time)
# Schedule next update
root.after(1000, update_clock)

# Start the clock
update_clock()

22.12.2 Progress Indication

import tkinter.ttk as ttk

def start_task():
progress_bar = ttk.Progressbar(root,
length=200, mode='determinate')
progress_bar.pack()

for i in range(101):
progress_bar['value'] = i
root.update()
time.sleep(0.01)

progress_bar.destroy()

22.13 Common GUI Patterns
As your GUI applications grow, you’ll want to keep your code organised. One of the
most useful ideas is separating what your program knows from what it shows on screen.

22.13.1 Model-View Pattern
Separate your data (model) from display (view):

class TodoModel:
def __init__(self):

self.tasks = []

def add_task(self, task):
self.tasks.append(task)

def remove_task(self, index):
del self.tasks[index]

class TodoView:
def __init__(self, root, model):

self.model = model
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self.root = root
# Create GUI...

def refresh_display(self):
# Update GUI from model
self.listbox.delete(0, tk.END)
for task in self.model.tasks:

self.listbox.insert(tk.END, task)

22.14 Debugging GUI Applications
GUI debugging requires special techniques:

22.14.1 Debug Prints

def debug_event(event):
print(f"Event: {event.type}")
print(f"Widget: {event.widget}")
print(f"Position: ({event.x}, {event.y})")

22.14.2 Visual Debugging

# Highlight widget borders for layout debugging
widget.config(relief="solid", borderwidth=2)

22.15 Common AI Complications
GUI code is where AI tends to overcomplicate things the most. Ask AI to build a simple
counter app (a label and two buttons: increment and decrement), and you’ll likely get a
class hierarchy with a base Application class, a separate CounterWidget that inherits
from tk.Frame, a Controller mediating between a Model and a View, and custom event
dispatchers - all for what could be twenty lines of straightforward code.

Here’s what to watch for:

• Unnecessary class inheritance. AI loves creating custom widget classes that
inherit from tk.Frame or tk.Toplevel. For learning, a simple function-based
approach or a single class is almost always enough.

• Design patterns you don’t need yet. Model-View-Controller (MVC), Observer
patterns, and event bus architectures are real tools for large applications, but they
add complexity that obscures the fundamentals when you’re starting out.

• Premature abstraction. AI may create a generic WidgetFactory or a
ThemeManager when you just need a button with a colour. If you can’t explain
why an abstraction exists, you probably don’t need it yet.

When AI gives you GUI code, ask yourself: “Could I build this with just functions, a few
widgets, and mainloop()?” If yes, simplify. You can always add structure later when
your application genuinely needs it.
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LIGHTBULB Simplification Prompt

When AI overcomplicates your GUI code, try this prompt:

Rewrite this using only functions (no classes) and
the fewest widgets possible.
Keep it under 30 lines. I'm learning, not building
production software.

22.16 Practice Projects

22.16.1 Project 1: Note Taking App
• Multiple text areas
• Save/load files
• Search functionality
• Font customisation

22.16.2 Project 2: Simple Paint Program
• Drawing tools (pencil, shapes)
• Color picker
• Undo/redo
• Save drawings

22.16.3 Project 3: Quiz Game GUI
• Question display
• Multiple choice buttons
• Score tracking
• Timer display

22.17 Looking Ahead
In the final chapter of Part III, you’ll learn to think like a software architect - planning
and designing complete applications before writing code. You’ll combine everything
you’ve learned to create professional-quality programs!

22.18 Chapter Summary
You’ve learned to: - Create windows and widgets - Handle user events - Build interactive
interfaces - Manage application state - Create menus and dialogs - Keep interfaces
responsive

Your programs are no longer confined to the console - they’re full applications with
professional interfaces!
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22.19 Reflection Prompts
1. Design Thinking: What makes a GUI intuitive vs confusing?
2. Event Planning: How do you decide what events to handle?
3. State Management: Why is tracking state harder in GUIs?
4. User Experience: What frustrated you about GUIs you’ve used?

Remember: Great GUIs are invisible - users focus on their task, not on figuring out the
interface!
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Chapter 13: Becoming an
Architect

INFO Chapter Summary

In this final chapter of Part III, you’ll learn to think like a software architect.
You’ll discover how to plan complete applications, design before coding, and use
AI as your implementation partner while you remain the visionary. This is where
you become a true builder!

23.1 Introduction: From Coder to Creator
Throughout this book, you’ve learned to write code. But professional software isn’t just
written - it’s designed, planned, and architected. Just as architects design buildings
before construction begins, software architects design programs before coding starts.

This chapter teaches you to: - Plan complete applications - Design systems before
implementing - Break big problems into manageable pieces - Use AI as your construction
crew while you remain the architect

23.2 The Architect’s Mindset
23.2.1 Building vs. Architecting
The Coder asks: “How do I write this?” The Architect asks: “What should I build
and why?”

Consider building a house: - Without an architect: Start laying bricks, figure it out
as you go - With an architect: Blueprint first, then build according to plan

The same applies to software!

23.2.2 Your New Workflow
1. Understand the problem completely

249
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2. Design the solution on paper
3. Plan the implementation steps
4. Build with AI assistance
5. Refine based on testing

Exclamation The AI Partnership Evolution

You’ve reached the highest level of AI partnership. You’re no longer asking “How
do I code this?” but rather “Here’s my design - help me build it efficiently.”

23.3 Case Study: Building a Study Tracker
Let’s walk through architecting a real application - a study tracker for students.

23.3.1 Step 1: Understanding the Problem
Before touching any code, ask: - Who will use this? (Students) - What problem
does it solve? (Tracking study time and progress) - When will they use it? (Daily,
before/after study sessions) - Where will it run? (Desktop application) - Why is it
needed? (Students struggle to track study habits)

23.3.2 Step 2: Defining Requirements
Write down what your application MUST do:

# Study Tracker Requirements

## Core Features (Must Have)
- Start/stop study timer
- Categorize by subject
- Save session history
- View daily/weekly summaries
- Simple, distraction-free interface

## Nice to Have
- Study goals
- Break reminders
- Progress charts
- Export data

## Not Doing (Scope Limits)
- Multi-user support
- Mobile app
- Cloud sync
- Social features

23.3.3 Step 3: Designing the Architecture
Draw your application’s structure:



23.3. Case Study: Building a Study Tracker 251
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23.3.4 Step 4: Data Structure Design
Plan how you’ll store information:

# Session data structure
session = {

'subject': 'Mathematics',
'start_time': '2024-03-15 14:30:00',
'end_time': '2024-03-15 15:15:00',
'duration_minutes': 45,
'notes': 'Studied calculus chapter 5'

}

# Storage format (JSON file)
{

'sessions': [...],
'subjects': ['Math', 'Science', 'English'],
'settings': {

'break_reminder': True,
'break_interval': 25

}
}

23.3.5 Step 5: Breaking Down Implementation
Create a build order:

1. Basic Timer Logic (no GUI)
• Start/stop functionality
• Duration calculation

2. Data Management
• Save/load sessions
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• Add/remove subjects
3. Simple GUI

• Timer display
• Start/stop button

4. Full Interface
• Subject selection
• Session history

5. Polish
• Styling
• Error handling

23.4 The Architect’s Toolkit
23.4.1 Tool 1: User Stories
Write from the user’s perspective:

As a student,
I want to track my study time by subject,
So that I can see where I'm spending my time.

As a student,
I want to see weekly summaries,
So that I can improve my study habits.

23.4.2 Tool 2: Wireframing
Sketch every screen:

Main Screen Stats Screen
����������� ���������������
� Timer � � This Week: �
� 00:45 � � Math: 5h �
� [Stop] � ---> � Sci: 3h �
� � � Eng: 4h �
����������� ���������������

23.4.3 Tool 3: State Diagrams
Map application states:

IDLE ��[Start]��> TIMING
↑ �
�����[Stop]����������

23.4.4 Tool 4: Component Planning
List each piece:

Components Needed:
- TimerDisplay: Shows current time
- SubjectSelector: Dropdown menu
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- ControlButton: Start/Stop
- SessionList: Today's sessions
- DataManager: Save/load logic
- StatsCalculator: Summaries

23.5 Working with AI as Your Builder
Now that you’re the architect, here’s how to work with AI:

23.5.1 Effective Architect Prompts
Instead of: “Build me a study tracker”

Try: “I’m building a study tracker. Here’s my timer component design: - Display format:
MM:SS - Updates every second - Needs start(), stop(), and reset() methods - Should
emit events when started/stopped Please implement this timer class.”

23.5.2 Providing Context
Give AI your blueprints:

"I have a study tracker with this data structure:
[paste your session structure]

I need a function that:
1. Takes a list of sessions
2. Groups them by subject
3. Calculates total time per subject
4. Returns a summary dictionary"

23.5.3 Iterative Building
Build in layers: 1. “Create the basic timer logic” 2. “Add pause/resume functionality” 3.
“Add event callbacks for UI updates” 4. “Add persistence between sessions”

LIGHTBULB The Architect’s Advantage

When you provide clear specifications, AI can build exactly what you envision.
You maintain control while leveraging AI’s coding speed.

23.6 Architecture Patterns
23.6.1 Pattern 1: Model-View-Controller (MVC)
Separate concerns:

# Model - Data and logic
class StudyModel:

def __init__(self):
self.sessions = []
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self.current_session = None

def start_session(self, subject):
# Logic here

# View - User interface
class StudyView:

def __init__(self, model):
self.model = model
# GUI setup

# Controller - Coordinates
class StudyController:

def __init__(self, model, view):
self.model = model
self.view = view
# Connect them

23.6.2 Pattern 2: Event-Driven Architecture
Components communicate through events:

class EventBus:
def __init__(self):

self.listeners = {}

def on(self, event, callback):
# Register listener

def emit(self, event, data):
# Notify listeners

# Usage
bus = EventBus()
bus.on('session_started', update_ui)
bus.emit('session_started', {'subject': 'Math'})

23.6.3 Pattern 3: Configuration-Driven
Make apps flexible:

config = {
'ui': {

'theme': 'dark',
'window_size': (400, 600)

},
'features': {

'break_reminders': True,
'auto_save': True

}
}
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app = StudyTracker(config)

23.7 From Design to Implementation
Let’s implement part of our study tracker:

23.7.1 The Timer Component

import time
from datetime import datetime

class StudyTimer:
"""Timer component for tracking study
sessions"""

def __init__(self):
self.start_time = None
self.elapsed = 0
self.is_running = False
self.callbacks = {'start': [], 'stop': [],
'tick': []}

def start(self):
"""Start the timer"""
if not self.is_running:

self.start_time = time.time()
self.is_running = True
self._notify('start')

def stop(self):
"""Stop the timer and return elapsed
time"""
if self.is_running:

self.elapsed = time.time() -
self.start_time
self.is_running = False
self._notify('stop', self.elapsed)
return self.elapsed

return 0

def get_display_time(self):
"""Get formatted time MM:SS"""
if self.is_running:

elapsed = time.time() -
self.start_time

else:
elapsed = self.elapsed

minutes = int(elapsed // 60)
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seconds = int(elapsed % 60)
return f"{minutes:02d}:{seconds:02d}"

def on(self, event, callback):
"""Register event callback"""
if event in self.callbacks:

self.callbacks[event].append(callback)

def _notify(self, event, data=None):
"""Notify all listeners of an event"""
for callback in self.callbacks[event]:

callback(data)

23.8 Testing Your Architecture
23.8.1 Unit Testing Your Design
Test each component separately:

def test_timer():
timer = StudyTimer()

# Test starting
timer.start()
assert timer.is_running == True

# Test stopping
time.sleep(2)
elapsed = timer.stop()
assert elapsed > 1.9 and elapsed < 2.1

# Test display
display = timer.get_display_time()
assert display == "00:02"

23.8.2 Integration Testing
Test components together:

def test_full_session():
model = StudyModel()
timer = StudyTimer()

# Start session
model.start_session("Math", timer)
time.sleep(1)
model.end_session()

# Verify
assert len(model.sessions) == 1
assert model.sessions[0]['subject'] == "Math"
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23.9 Common Architecture Mistakes
23.9.1 Mistake 1: No Planning
Problem: Starting to code immediately Solution: Always design first, even if just a
sketch

23.9.2 Mistake 2: Over-Engineering
Problem: Building for imaginary future needs Solution: Design for current require-
ments

23.9.3 Mistake 3: Tight Coupling
Problem: Components depend on each other’s internals Solution: Use interfaces and
events

23.9.4 Mistake 4: No Error Planning
Problem: Only designing the happy path Solution: Plan for failures and edge cases

23.10 Architecture Documentation
23.10.1 Creating a README

# Study Tracker

## Overview
A simple desktop application for tracking study
time by subject.

## Architecture
- **Model**: Handles data and business logic
- **View**: Tkinter-based GUI
- **Storage**: JSON file persistence

## Key Components
1. StudyTimer - Core timing functionality
2. SessionManager - Handles study sessions
3. DataStore - Persistence layer
4. StatsEngine - Analytics and reporting

## Data Flow
User Action -> View -> Controller -> Model ->
Storage

## Future Enhancements
- Cloud sync
- Mobile companion app
- Pomodoro timer mode
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23.11 Your Architecture Portfolio
As you build projects, document your architecture decisions:

23.11.1 Decision Log Example

# Architecture Decisions

## 1. Storage Format
**Decision**: Use JSON files
**Reason**: Simple, human-readable, no database
needed
**Trade-off**: Not efficient for large datasets

## 2. GUI Framework
**Decision**: Tkinter
**Reason**: Built-in, cross-platform, simple
**Trade-off**: Limited styling options

## 3. Timer Implementation
**Decision**: Python's time module
**Reason**: Simple, accurate enough for minutes
**Trade-off**: Not suitable for microsecond
precision

23.12 Practice Architecture Challenges
23.12.1 Challenge 1: Recipe Manager
Design (don’t code yet!): - Store recipes with ingredients - Search by ingredient - Scale
servings up/down - Shopping list generator

23.12.2 Challenge 2: Habit Tracker
Architecture for: - Daily habit check-ins - Streak tracking - Progress visualization -
Reminder system

23.12.3 Challenge 3: Budget Calculator
Plan a system for: - Income/expense tracking - Category management - Monthly
summaries - Budget vs actual comparison

23.13 The Complete Architect Workflow
1. Problem Definition

• Understand the need
• Define success criteria
• Set boundaries

2. Research
• Study similar applications
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• Identify common patterns
• Learn from others’ mistakes

3. Design
• Sketch interfaces
• Plan data structures
• Map component relationships

4. Prototype
• Build minimal version
• Test core assumptions
• Get feedback

5. Implement
• Use AI for efficient coding
• Follow your architecture
• Test continuously

6. Iterate
• Gather user feedback
• Refine based on usage
• Plan next version

23.14 Looking Ahead
You’ve completed Part III! You now have all the skills to build real-world applications: -
Working with data files - Connecting to internet services - Creating graphical interfaces -
Architecting complete solutions

Part IV will help you plan your journey forward as a programmer and architect.

23.15 Chapter Summary
You’ve learned to: - Think like a software architect - Design before coding - Plan complete
applications - Use AI as your implementation partner - Document architectural decisions
- Test systematically

You’re no longer just writing code - you’re designing and building complete software
solutions!

23.16 Reflection Prompts
1. Design First: How does planning change your coding experience?
2. AI Partnership: How has your relationship with AI evolved from Chapter 0?
3. Architecture Patterns: Which patterns make the most sense to you?
4. Future Projects: What would you like to architect and build?

Remember: Great software starts with great architecture. Every app you use was once
a sketch on someone’s notepad. Now it’s your turn to dream, design, and build!
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Chapter 24

Project: Grade Analysis Tool

Exclamation Before You Start

Make sure you’ve completed: - All of Part I and Part II - Chapter 10: Working
with Data - Understanding of CSV files and data processing
You should be ready to: - Process real-world data files - Calculate statistics and
insights - Handle messy, imperfect data - Create meaningful reports

LIGHTBULB Code available online

Starter code and notebooks for all projects are available on GitHub with “Open in
Colab” buttons. See books.borck.education (https://books.borck.education).

24.1 Project Overview
This project combines everything you’ve learned about data processing to create a real
tool for analysing performance data. You’ll analyse grade data from CSV files, calculate
statistics, identify trends, and generate actionable insights.

This is where programming becomes genuinely useful - solving real problems with real
data.

24.2 The Problem to Solve
Educators need to understand their students’ performance! Your grade analyzer should: -
Read grade data from CSV files - Calculate class averages, medians, and ranges - Identify
struggling students - Find grade distribution patterns - Generate progress reports -
Handle missing or invalid data gracefully

24.3 Architect Your Solution First
Before writing any code or consulting AI, design your grade analyzer:
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24.3.1 1. Understand the Data
What might a gradebook CSV look like?

StudentID,Name,Quiz1,Quiz2,MidTerm,Project1,Quiz3,Final,Attendance
001,Alice Johnson,85,92,88,91,89,94,95
002,Bob Smith,78,65,82,79,81,77,88
003,Charlie Brown,91,88,94,96,93,89,100
004,Diana Prince,,85,90,88,87,92,92
005,Eve Wilson,45,52,48,65,58,61,75

24.3.2 2. Design Your Analysis Features
Plan what insights you’ll generate: - [ ] Individual student summaries - [ ] Class
performance statistics - [ ] Grade distribution analysis - [ ] Improvement/decline trends -
[ ] Missing assignment identification - [ ] At-risk student alerts

24.3.3 3. Identify Data Challenges
Real gradebook data has problems: - [ ] Missing grades (empty cells) - [ ] Invalid entries
(“absent”, “N/A”, “103%”) - [ ] Inconsistent formatting - [ ] Extra or missing columns -
[ ] Student names with special characters

24.4 Implementation Strategy
24.4.1 Phase 1: Basic Data Loading

1. Read CSV file safely
2. Handle missing values
3. Convert grades to numbers
4. Validate data ranges

24.4.2 Phase 2: Core Analytics
1. Calculate averages per student
2. Compute class statistics
3. Identify grade distributions
4. Generate basic reports

24.4.3 Phase 3: Advanced Insights
1. Trend analysis (improvement/decline)
2. Correlation between assignments
3. At-risk student identification
4. Visual data representation

24.5 AI Partnership Guidelines
24.5.1 Effective Prompts for This Project
� Good Learning Prompts:
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"I'm analysing grade data from CSV. Some cells are
empty or contain
'N/A'. Show me how to safely convert grade values
to numbers,
handling these edge cases."

"I have a list of student grade dictionaries. How
do I calculate
the median grade for the class? Show me both
sorted and
statistics module approaches."

� Avoid These Prompts: - “Build a complete grade analysis system” - “Create a
machine learning model for grade prediction” - “Add database integration and web
interface”

24.5.2 AI Learning Progression
1. Data Cleaning Phase: Handling messy data

"My CSV has grades like '85', '92.5', 'N/A',
'', and '102'.
How do I clean and validate these values?"

2. Statistics Phase: Mathematical analysis

"I need to calculate mean, median, and standard
deviation
for a list of grades. Show me simple
implementations."

3. Pattern Recognition: Finding insights

"How can I compare a student's recent grades to
their
earlier grades to detect improvement or
decline?"

24.6 Requirements Specification
24.6.1 Functional Requirements
Your grade analyzer must:

1. Data Processing
• Read standard CSV grade files
• Handle missing or invalid grades
• Support multiple assignment types
• Validate grade ranges (0-100)

2. Statistical Analysis
• Calculate student averages
• Compute class statistics (mean, median, mode)
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• Find grade distributions
• Identify outliers

3. Reporting Features
• Individual student reports
• Class summary statistics
• At-risk student alerts
• Grade trend analysis

4. Error Handling
• Graceful handling of bad data
• Clear error messages
• Data validation warnings
• Missing file handling

24.6.2 Learning Requirements
Your implementation should: - [ ] Use file I/O for CSV processing - [ ] Demonstrate
data cleaning techniques - [ ] Apply statistical calculations - [ ] Show real-world data
handling - [ ] Include comprehensive error handling

24.7 Sample Interaction
Here’s how your analyzer might work:

� GRADE ANALYSIS TOOL �
����������������������������

Loading grades from 'class_grades.csv'...
� Found 25 students with 7 assignments each

CLASS SUMMARY
�������������
Total Students: 25
Assignments: Quiz1, Quiz2, MidTerm, Project1,
Quiz3, Final, Attendance

Overall Class Statistics:
- Average: 84.2%
- Median: 86.0%
- Highest: 98.5% (Alice Johnson)
- Lowest: 52.3% (Eve Wilson)
- Standard Deviation: 12.4

ASSIGNMENT BREAKDOWN
�������������������
Quiz1: Avg 82.1% | Range: 45-98
Quiz2: Avg 79.8% | Range: 52-97
MidTerm: Avg 85.3% | Range: 48-96
Project1: Avg 87.2% | Range: 65-98
Quiz3: Avg 84.6% | Range: 58-95
Final: Avg 83.9% | Range: 61-94
Attendance:Avg 91.2% | Range: 75-100
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AT-RISK STUDENTS
���������������
� Eve Wilson (Student ID: 005)

- Current Average: 52.3%
- Missing: 0 assignments
- Trend: Improving (+8% from early to recent
grades)
- Recommendation: Schedule tutoring session

GRADE DISTRIBUTION
�����������������
A (90-100): 6 students (24%)
B (80-89): 11 students (44%)
C (70-79): 5 students (20%)
D (60-69): 2 students (8%)
F (0-59): 1 student (4%)

INDIVIDUAL REPORTS
�����������������
[Showing top 3 students]

1. Alice Johnson (ID: 001)
Average: 91.4% | Grade: A
Strongest: Final (94%), Quiz2 (92%)
Needs work: Quiz1 (85%)

2. Charlie Brown (ID: 003)
Average: 91.3% | Grade: A
Strongest: Project1 (96%), MidTerm (94%)
Needs work: Final (89%)

[Full reports available - press Enter to see all
students]

24.8 Development Approach
24.8.1 Step 1: Safe CSV Reading
Start with robust file handling:

import csv

def load_grades(filename):
"""Load grades from CSV file with error
handling"""
students = []

try:
with open(filename, 'r') as file:

reader = csv.DictReader(file)
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for row in reader:
students.append(row)

except FileNotFoundError:
print(f"Error: Could not find file
'{filename}'")
return None

except Exception as e:
print(f"Error reading file: {e}")
return None

print(f"Loaded {len(students)} student
records")
return students

24.8.2 Step 2: Data Cleaning Functions
Handle messy real-world data:

def clean_grade(grade_str):
"""Convert grade string to float, handling
edge cases"""
if not grade_str or grade_str.strip() == "":

return None

# Remove common non-numeric characters
cleaned = grade_str.strip().replace('%', '')

# Handle common text values
if cleaned.lower() in ['n/a', 'na', 'absent',
'missing']:

return None

try:
grade = float(cleaned)
# Validate range
if 0 <= grade <= 100:

return grade
else:

print(f"Warning: Grade {grade} outside
valid range")
return None

except ValueError:
print(f"Warning: Could not parse grade
'{grade_str}'")
return None

def clean_student_grades(student):
"""Clean all grades for a student"""
cleaned = {}
cleaned['name'] = student.get('Name',
'Unknown')
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cleaned['id'] = student.get('StudentID',
'Unknown')

# Get all assignment columns (skip Name and
StudentID)
assignment_columns = [col for col in
student.keys()

if col not in ['Name',
'StudentID']]

cleaned['assignments'] = {}
for assignment in assignment_columns:

grade =
clean_grade(student.get(assignment, ''))
cleaned['assignments'][assignment] = grade

return cleaned

24.8.3 Step 3: Statistical Analysis
Build your analysis toolkit:

def calculate_student_average(student):
"""Calculate average grade for a student"""
grades = [g for g in
student['assignments'].values() if g is not
None]

if not grades:
return None

return sum(grades) / len(grades)

def calculate_class_statistics(students):
"""Calculate class-wide statistics"""
all_averages = []

for student in students:
avg = calculate_student_average(student)
if avg is not None:

all_averages.append(avg)

if not all_averages:
return None

all_averages.sort()
n = len(all_averages)

stats = {
'count': n,
'mean': sum(all_averages) / n,
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'median': all_averages[n//2] if n % 2 == 1
else

(all_averages[n//2-1] +
all_averages[n//2]) / 2,

'min': min(all_averages),
'max': max(all_averages)

}

# Calculate standard deviation
mean = stats['mean']
variance = sum((x - mean) ** 2 for x in
all_averages) / n
stats['std_dev'] = variance ** 0.5

return stats

24.8.4 Step 4: Trend Analysis

Identify patterns in performance:

def analyze_student_trend(student):
"""analyse if student is improving or
declining"""
grades = []
assignments = student['assignments']

# Get grades in chronological order (assuming
column order)
for assignment, grade in assignments.items():

if grade is not None:
grades.append(grade)

if len(grades) < 3: # Need enough data points
return "Insufficient data"

# Compare first third vs last third
third = len(grades) // 3
early_avg = sum(grades[:third+1]) / (third+1)
late_avg = sum(grades[-third-1:]) / (third+1)

improvement = late_avg - early_avg

if improvement > 5:
return f"Improving (+{improvement:.1f}%)"

elif improvement < -5:
return f"Declining ({improvement:.1f}%)"

else:
return "Stable"
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24.9 Advanced Features
24.9.1 Grade Distribution Analysis

def analyze_grade_distribution(students):
"""analyse how grades are distributed"""
distribution = {'A': 0, 'B': 0, 'C': 0, 'D':
0, 'F': 0}

for student in students:
avg = calculate_student_average(student)
if avg is not None:

if avg >= 90:
distribution['A'] += 1

elif avg >= 80:
distribution['B'] += 1

elif avg >= 70:
distribution['C'] += 1

elif avg >= 60:
distribution['D'] += 1

else:
distribution['F'] += 1

total = sum(distribution.values())
if total > 0:

for grade in distribution:
count = distribution[grade]
percentage = (count / total) * 100
print(f"{grade}
({grade_ranges[grade]}): {count}
students ({percentage:.1f}%)")

24.9.2 At-Risk Student Identification

def identify_at_risk_students(students,
threshold=70):

"""Find students who might need help"""
at_risk = []

for student in students:
avg = calculate_student_average(student)
if avg is not None and avg < threshold:

# Count missing assignments
missing_count = sum(1 for g in
student['assignments'].values()

if g is None)

trend = analyze_student_trend(student)

at_risk.append({
'student': student,
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'average': avg,
'missing_assignments':
missing_count,
'trend': trend

})

return sorted(at_risk, key=lambda x:
x['average'])

24.10 Real-World Data Challenges
24.10.1 Challenge 1: Extra Credit Handling

def handle_extra_credit(grade):
"""Handle grades over 100% properly"""
if grade > 100:

return min(grade, 110) # Cap at 110%
return grade

24.10.2 Challenge 2: Different Grading Scales

def normalize_grade(grade, scale='100'):
"""Convert different grading scales to
100-point scale"""
if scale == '4.0':

return (grade / 4.0) * 100
elif scale == 'letter':

letter_to_number = {'A': 95, 'B': 85, 'C':
75, 'D': 65, 'F': 50}
return letter_to_number.get(grade.upper(),
0)

return grade

24.11 Testing with Sample Data
Create test data to verify your analyzer:

def create_sample_data():
"""Generate sample grade data for testing"""
sample_csv =
"""StudentID,Name,Quiz1,Quiz2,MidTerm,Project1,Final

001,Alice Johnson,85,92,88,91,94
002,Bob Smith,78,,82,79,77
003,Charlie Brown,91,88,94,96,89
004,Diana Prince,N/A,85,90,88,92
005,Eve Wilson,45,52,48,65,61"""

with open('sample_grades.csv', 'w') as f:
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f.write(sample_csv)

24.12 Practice Extensions
24.12.1 Extension 1: Progress Tracking

• Compare current grades to previous semesters
• Track improvement over time
• Generate progress charts

24.12.2 Extension 2: Assignment Analysis
• Identify which assignments are most difficult
• Find correlations between different assignments
• Suggest which assignments to review

24.12.3 Extension 3: Class Comparison
• Compare multiple class sections
• Identify teaching effectiveness
• Benchmark against standards

24.13 Common Pitfalls and Solutions
24.13.1 Pitfall 1: Assuming Clean Data
Problem: Real data is messy with missing values Solution: Always validate and clean
first

24.13.2 Pitfall 2: Division by Zero
Problem: Calculating averages with no valid grades Solution: Check for empty lists
before dividing

24.13.3 Pitfall 3: Hardcoded Column Names
Problem: Code breaks when CSV format changes Solution: Dynamically detect
assignment columns

24.13.4 Pitfall 4: No Data Validation
Problem: Grades of 150% or -20% crash calculations Solution: Validate ranges and
handle outliers

24.14 Reflection Questions
After completing the project:

1. Data Quality: What surprised you about real-world data?
2. Statistics Understanding: Which calculations were most insightful?
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3. Error Handling: How did you make your code robust?
4. User Value: How would someone actually use this tool?

24.15 Next Project Preview
Excellent work! Next, you’ll build a Weather Dashboard that pulls live data from APIs,
creating a real-time application that connects to the internet. You’ll see how external
data sources make programs dynamic and current!

Your grade analyzer proves you can turn raw data into actionable insights - a skill
valuable in any field! �
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Project: Weather Dashboard

Exclamation Before You Start

Make sure you’ve completed: - All previous projects - Chapter 10: Working with
Data - Chapter 11: Connected Programs - Chapter 12: Interactive Systems
You should understand: - Making API requests with requests - Processing JSON
responses - Creating GUI applications with tkinter - Handling errors gracefully

25.1 Project Overview
This project combines APIs and GUIs to create a live weather dashboard. You’ll pull
real weather data from the internet and display it in an attractive, interactive interface
that updates in real-time.

This is where programming becomes magical - your desktop application connects to the
world!

25.2 The Problem to Solve
People need current weather information with visual appeal! Your weather dashboard
should: - Display current weather for multiple cities - Show extended forecasts - Update
automatically - Handle network failures gracefully - Provide an intuitive, attractive
interface - Save user preferences between sessions

25.3 Architect Your Solution First
Before writing any code or consulting AI, design your weather dashboard:

25.3.1 1. Understand the Requirements
• Which weather data is most important?
• How often should data refresh?
• What happens when internet is down?
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• How should multiple cities be displayed?

25.3.2 2. Design Your Interface
Sketch your dashboard layout:

�����������������������������������������������
� � Weather Dashboard �
�����������������������������������������������
� [Add City] [Refresh] [Settings] Updated: 3:45
PM �
�����������������������������������������������
� ��������������� ��������������� ���������������
�
� � Boston � � Tokyo � � London �
�
� � 72°F � � 18°C � � 15°C �
�
� � Sunny � � Cloudy � � Rainy �
�
� � � 65% � � � 80% � � � 95% � �
� � � 8mph � � � 12km/h � � � 15km/h � �
� � [Remove] � � [Remove] � � [Remove] �
�
� ��������������� ��������������� ���������������
�
�����������������������������������������������
� 5-Day Forecast �
� Wed Thu Fri Sat Sun �
� 75° 68° 71° 69° 74° �
� � � � � � �
�����������������������������������������������

25.3.3 3. Plan Your Data Structure

# Weather data structure
weather_data = {

'city': 'Boston',
'country': 'US',
'current': {

'temperature': 72,
'condition': 'Sunny',
'humidity': 65,
'wind_speed': 8,
'icon': 'sunny'

},
'forecast': [

{'day': 'Wed', 'high': 75, 'low': 62,
'condition': 'sunny'},
{'day': 'Thu', 'high': 68, 'low': 58,
'condition': 'rainy'},
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# ...
],
'last_updated': '2024-03-15 15:45:00'

}

25.4 Implementation Strategy
25.4.1 Phase 1: API Integration

1. Choose a weather API (OpenWeatherMap, WeatherAPI)
2. Create functions to fetch weather data
3. Parse JSON responses
4. Handle API errors

25.4.2 Phase 2: Basic GUI
1. Create main window layout
2. Display weather for one city
3. Add refresh button
4. Show loading states

25.4.3 Phase 3: Multi-City Dashboard
1. Support multiple cities
2. Add/remove city functionality
3. Auto-refresh timer
4. Save preferences

25.4.4 Phase 4: Enhanced Features
1. 5-day forecast display
2. Weather icons/emojis
3. Unit conversion (°F/°C)
4. Dark/light themes

25.5 AI Partnership Guidelines
25.5.1 Effective Prompts for This Project
� Good Learning Prompts:

"I'm building a weather app with tkinter. I need
to display current
weather data in a card-like widget. Show me how to
create a Frame
with temperature, condition, and humidity nicely
formatted."

"My weather API returns temperature in Kelvin.
Show me a simple
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function to convert Kelvin to both Fahrenheit and
Celsius."

"I want to update my GUI every 10 minutes with new
weather data.
How do I use tkinter's after() method to schedule
updates?"

� Avoid These Prompts: - “Build a complete weather application with machine
learning” - “Add satellite imagery and radar data” - “Create a mobile app with push
notifications”

25.5.2 AI Learning Progression
1. API Integration Phase: Data fetching

"I'm using OpenWeatherMap API. Show me how to
make a request
for current weather and safely extract
temperature and condition."

2. GUI Building Phase: Interface creation

"I need to create a grid of weather cards in
tkinter. Each card
shows one city. How do I use Frame and grid
layout?"

3. Real-time Updates: Live data

"How do I update tkinter Labels with new
weather data without
recreating the entire interface?"

25.6 Requirements Specification
25.6.1 Functional Requirements
Your weather dashboard must:

1. Data Integration
• Connect to weather API
• Fetch current conditions
• Get 5-day forecast
• Handle API failures gracefully

2. User Interface
• Display multiple cities simultaneously
• Show current temperature, condition, humidity
• Display forecast information
• Provide add/remove city functionality

3. Real-time Updates
• Refresh data automatically



25.7. Sample Interaction 277

• Show last update time
• Manual refresh option
• Loading indicators

4. Data Persistence
• Remember user’s cities
• Save preferences (units, theme)
• Restore on startup

25.6.2 Learning Requirements
Your implementation should: - [ ] Use requests library for API calls - [ ] Create
responsive tkinter GUI - [ ] Handle JSON data processing - [ ] Implement error handling
for network issues - [ ] Show real-time programming concepts

25.7 Sample Interaction
Here’s how your weather dashboard might work:

Starting Weather Dashboard...
Loading saved cities: Boston, Tokyo, London
Fetching weather data...

� WEATHER DASHBOARD - Last Updated: 3:45 PM
�����������������������������������������������

��������������� ��������������� ���������������
� BOSTON � � TOKYO � � LONDON �
� � � � � �
� 72°F � � 64°F � � 59°F �
� � Sunny � � � Cloudy � � � Rainy �
� � � � � �
� � Humidity: 65% � � Humidity: 80% � � Humidity:
95% �
� � Wind: 8 mph � � Wind: 12 mph � � Wind: 15
mph �
� � Visibility: High � � Visibility: Med � � 
Visibility: Low �
� � � � � �
� [Remove City] � � [Remove City] � � [Remove
City] �
��������������� ��������������� ���������������

5-DAY FORECAST - BOSTON
�������������������������������
� Wed � Thu � Fri � Sat � Sun �
�������������������������������
� 75° � 68° � 71° � 69° � 74° �
� 62° � 55° � 58° � 56° � 61° �
� � � � � � � � � � �
�������������������������������
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[Add City] [Refresh Now] [Settings] [°F/°C]

Enter city name: _______________ [Add]

25.8 Development Approach
25.8.1 Step 1: API Integration
Start with weather data fetching:

import requests
import json
from datetime import datetime

class WeatherAPI:
def __init__(self, api_key):

self.api_key = api_key
self.base_url =
"http://api.openweathermap.org/data/2.5"

def get_current_weather(self, city):
"""Get current weather for a city"""
endpoint = f"{self.base_url}/weather"
params = {

'q': city,
'appid': self.api_key,
'units': 'imperial' # Fahrenheit

}

try:
response = requests.get(endpoint,
params=params, timeout=5)
response.raise_for_status()
data = response.json()

return {
'city': data['name'],
'country': data['sys']['country'],
'temperature':
round(data['main']['temp']),
'condition':
data['weather'][0]['main'],
'description':
data['weather'][0]['description'],
'humidity':
data['main']['humidity'],
'wind_speed':
round(data['wind']['speed']),
'icon':
data['weather'][0]['icon'],
'timestamp': datetime.now()
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}
except requests.RequestException as e:

print(f"Error fetching weather for
{city}: {e}")
return None

def get_forecast(self, city, days=5):
"""Get forecast for a city"""
endpoint = f"{self.base_url}/forecast"
params = {

'q': city,
'appid': self.api_key,
'units': 'imperial'

}

try:
response = requests.get(endpoint,
params=params)
response.raise_for_status()
data = response.json()

# Process forecast data (simplified)
forecast = []
for item in data['list'][:days]:

forecast.append({
'date': item['dt_txt'],
'temperature':
round(item['main']['temp']),
'condition':
item['weather'][0]['main'],
'icon':
item['weather'][0]['icon']

})

return forecast
except requests.RequestException as e:

print(f"Error fetching forecast for
{city}: {e}")
return []

25.8.2 Step 2: Weather Card Widget
Create reusable city display:

import tkinter as tk
from tkinter import ttk

class WeatherCard:
def __init__(self, parent, weather_data,
on_remove=None):

self.parent = parent
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self.weather_data = weather_data
self.on_remove = on_remove

self.frame = tk.Frame(parent,
relief='raised', borderwidth=2,

bg='lightblue',
padx=10, pady=10)

self.create_widgets()

def create_widgets(self):
# City name
city_label = tk.Label(self.frame,

text=self.weather_data['city'].upper(),
font=('Arial', 14,
'bold'),
bg='lightblue')

city_label.pack()

# Temperature
temp_label = tk.Label(self.frame,

text=f"{self.weather_data['temperature']}°F",
font=('Arial', 24,
'bold'),
bg='lightblue')

temp_label.pack()

# Condition with emoji
condition_text = self.get_weather_emoji()
+ " " + self.weather_data['condition']
condition_label = tk.Label(self.frame,
text=condition_text,

font=('Arial',
12),
bg='lightblue')

condition_label.pack()

# Details
details = [

f"� {self.weather_data['humidity']}%",
f"� {self.weather_data['wind_speed']}
mph"

]

for detail in details:
detail_label = tk.Label(self.frame,
text=detail,

font=('Arial',
10),
bg='lightblue')

detail_label.pack()
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# Remove button
if self.on_remove:

remove_btn = tk.Button(self.frame,
text="Remove City",

command=lambda:
self.on_remove(self.weather_data[ ⌋
'city']))

remove_btn.pack(pady=(5, 0))

def get_weather_emoji(self):
"""Convert weather condition to emoji"""
condition =
self.weather_data['condition'].lower()
emoji_map = {

'clear': '� ',
'sunny': '� ',
'clouds': '�',
'cloudy': '�',
'rain': '� ',
'rainy': '� ',
'snow': '� ',
'thunderstorm': '� ',
'mist': '� ',
'fog': '� '

}
return emoji_map.get(condition, '� ')

def pack(self, **kwargs):
"""Pack the weather card"""
self.frame.pack(**kwargs)

def grid(self, **kwargs):
"""Grid the weather card"""
self.frame.grid(**kwargs)

25.8.3 Step 3: Main Dashboard Application
Coordinate everything:

class WeatherDashboard:
def __init__(self, root):

self.root = root
self.root.title("Weather Dashboard")
self.root.geometry("800x600")

# Initialize components
self.weather_api =
WeatherAPI("your_api_key_here")
self.cities = self.load_saved_cities()
self.weather_cards = []
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self.create_interface()
self.refresh_all_weather()
self.schedule_auto_refresh()

def create_interface(self):
# Title
title = tk.Label(self.root, text="� 
Weather Dashboard",

font=('Arial', 20,
'bold'))

title.pack(pady=10)

# Controls frame
controls = tk.Frame(self.root)
controls.pack(pady=5)

tk.Button(controls, text="Add City",
command=self.show_add_city_dialog).pack(side='left',
padx=5)

tk.Button(controls, text="Refresh All",
command=self.refresh_all_weather).pack(side='left',
padx=5)

self.last_update_label =
tk.Label(controls, text="")
self.last_update_label.pack(side='right',
padx=5)

# Cities frame
self.cities_frame = tk.Frame(self.root)
self.cities_frame.pack(fill='both',
expand=True, padx=10, pady=10)

def show_add_city_dialog(self):
"""Show dialog to add new city"""
dialog = tk.Toplevel(self.root)
dialog.title("Add City")
dialog.geometry("300x150")

tk.Label(dialog, text="Enter city
name:").pack(pady=10)

city_entry = tk.Entry(dialog, width=20)
city_entry.pack(pady=5)
city_entry.focus()

def add_city():
city = city_entry.get().strip()
if city:

self.add_city(city)
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dialog.destroy()

tk.Button(dialog, text="Add",
command=add_city).pack(pady=10)

# Allow Enter key to add
dialog.bind('<Return>', lambda e:
add_city())

def add_city(self, city_name):
"""Add a new city to the dashboard"""
if city_name not in self.cities:

weather_data =
self.weather_api.get_current_weather(city_name)
if weather_data:

self.cities.append(city_name)
self.save_cities()
self.refresh_display()

else:
tk.messagebox.showerror("Error",
f"Could not find weather for
{city_name}")

def remove_city(self, city_name):
"""Remove a city from the dashboard"""
if city_name in self.cities:

self.cities.remove(city_name)
self.save_cities()
self.refresh_display()

def refresh_all_weather(self):
"""Refresh weather data for all cities"""
self.last_update_label.config(text="Updating...")
self.root.update()

self.refresh_display()

now = datetime.now().strftime("%I:%M %p")
self.last_update_label.config(text=f"Updated:
{now}")

def refresh_display(self):
"""Refresh the display with current
weather data"""
# Clear existing cards
for widget in
self.cities_frame.winfo_children():

widget.destroy()

# Create new cards
row = 0
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col = 0
max_cols = 3

for city in self.cities:
weather_data =
self.weather_api.get_current_weather(city)
if weather_data:

card =
WeatherCard(self.cities_frame,
weather_data, self.remove_city)
card.grid(row=row, column=col,
padx=10, pady=10, sticky='nsew')

col += 1
if col >= max_cols:

col = 0
row += 1

# Configure grid weights for responsive
layout
for i in range(max_cols):

self.cities_frame.columnconfigure(i,
weight=1)

def schedule_auto_refresh(self):
"""Schedule automatic refresh every 10
minutes"""
self.refresh_all_weather()
self.root.after(600000,
self.schedule_auto_refresh) # 10 minutes

def load_saved_cities(self):
"""Load saved cities from file"""
try:

with open('weather_cities.txt', 'r')
as f:

return [city.strip() for city in
f.readlines() if city.strip()]

except FileNotFoundError:
return ['New York'] # Default city

def save_cities(self):
"""Save current cities to file"""
with open('weather_cities.txt', 'w') as f:

for city in self.cities:
f.write(city + '\n')

# Run the application
if __name__ == "__main__":

root = tk.Tk()
app = WeatherDashboard(root)
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root.mainloop()

25.9 Advanced Features

25.9.1 Feature 1: Forecast Display
class ForecastDisplay:

def __init__(self, parent, forecast_data):
self.parent = parent
self.forecast_data = forecast_data

self.frame = tk.Frame(parent,
relief='sunken', borderwidth=1)
self.create_forecast()

def create_forecast(self):
title = tk.Label(self.frame, text="5-Day
Forecast",

font=('Arial', 14,
'bold'))

title.pack()

forecast_frame = tk.Frame(self.frame)
forecast_frame.pack()

for i, day_data in
enumerate(self.forecast_data[:5]):

day_frame = tk.Frame(forecast_frame)
day_frame.grid(row=0, column=i,
padx=5)

# Day name
day_name =
datetime.strptime(day_data['date'],
'%Y-%m-%d %H:%M:%S').strftime('%a')
tk.Label(day_frame,
text=day_name).pack()

# Temperature
tk.Label(day_frame,
text=f"{day_data['temperature']}°").pack()

# Icon/condition
emoji =
self.get_condition_emoji(day_data['condition'])
tk.Label(day_frame, text=emoji,
font=('Arial', 16)).pack()
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25.9.2 Feature 2: Settings Panel

def create_settings_panel(self):
"""Create settings configuration panel"""
settings_window = tk.Toplevel(self.root)
settings_window.title("Settings")
settings_window.geometry("300x200")

# Unit selection
tk.Label(settings_window, text="Temperature
Unit:").pack(pady=5)

self.unit_var =
tk.StringVar(value=self.current_unit)
tk.Radiobutton(settings_window,
text="Fahrenheit (°F)",

variable=self.unit_var,
value="imperial").pack()

tk.Radiobutton(settings_window, text="Celsius
(°C)",

variable=self.unit_var,
value="metric").pack()

# Auto-refresh interval
tk.Label(settings_window, text="Auto-refresh
interval:").pack(pady=5)

self.refresh_var = tk.StringVar(value="10")
refresh_frame = tk.Frame(settings_window)
refresh_frame.pack()

tk.Entry(refresh_frame,
textvariable=self.refresh_var,
width=5).pack(side='left')
tk.Label(refresh_frame,
text="minutes").pack(side='left')

# Save button
tk.Button(settings_window, text="Save",

command=lambda:
self.save_settings(settings_window)).pack(pady=10)

25.10 Error Handling and Edge Cases

25.10.1 Network Error Handling

def safe_api_call(self, func, *args, **kwargs):
"""Safely call API with error handling"""
try:

return func(*args, **kwargs)
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except requests.ConnectionError:
self.show_error("No internet connection")
return None

except requests.Timeout:
self.show_error("Request timed out")
return None

except requests.HTTPError as e:
self.show_error(f"API error: {e}")
return None

except Exception as e:
self.show_error(f"Unexpected error: {e}")
return None

def show_error(self, message):
"""Show error message to user"""
error_label = tk.Label(self.root, text=f"� 
{message}",

fg='red', font=('Arial',
10))

error_label.pack()

# Remove error after 5 seconds
self.root.after(5000, error_label.destroy)

25.11 Common Pitfalls and Solutions
25.11.1 Pitfall 1: API Key Exposure
Problem: Hardcoding API keys in source code Solution: Use environment variables or
config files

25.11.2 Pitfall 2: Blocking GUI Updates
Problem: Long API calls freeze the interface Solution: Use threading or async
operations

25.11.3 Pitfall 3: No Offline Mode
Problem: App is useless without internet Solution: Cache last known data

25.11.4 Pitfall 4: Poor Error Messages
Problem: Generic “Error” messages confuse users Solution: Specific, actionable error
messages

25.12 Testing Your Dashboard
25.12.1 Test Cases to Verify

1. Valid Cities: Add major cities worldwide
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2. Invalid Cities: Try “XYZ123” or gibberish
3. Network Issues: Disconnect internet during use
4. Data Persistence: Close and reopen app
5. Multiple Cities: Add 5+ cities
6. Long City Names: “San Francisco” vs “NYC”

25.13 Reflection Questions
After completing the project:

1. API Integration: What challenges did real-time data present?
2. GUI Design: How did you balance information density with clarity?
3. Error Handling: What edge cases surprised you?
4. User Experience: What would make this more useful daily?

25.14 Next Project Preview
Fantastic work! Next, you’ll build a Text Adventure Game that showcases interactive sys-
tems and complex state management. You’ll create an engaging, story-driven application
that responds dynamically to user choices!

Your weather dashboard proves you can integrate external data sources with polished
user interfaces - a skill at the heart of modern app development! � 



Chapter 26

Project: Text Adventure Game

Exclamation Before You Start

Make sure you’ve completed: - All previous projects - Chapter 12: Interactive
Systems - Understanding of GUI event handling and state management
You should be ready to: - Design complex interactive systems - Manage application
state across time - Create engaging user experiences - Handle dynamic content
generation

26.1 Project Overview
This project pushes interactive systems to their limits. You’ll create a text-based
adventure game with a graphical interface, featuring dynamic storytelling, inventory
management, character progression, and branching narratives.

This is where programming becomes storytelling - your code creates worlds!

26.2 The Problem to Solve
People love interactive stories with meaningful choices! Your text adventure should:
- Present an engaging narrative with multiple paths - Respond dynamically to player
choices - Manage complex game state (inventory, character stats, story progress) - Provide
an immersive interface with visuals and audio cues - Save and load game progress -
Create replayable experiences with different outcomes

26.3 Architect Your Solution First
Before writing any code or consulting AI, design your adventure game:

26.3.1 1. Story and Game Design
Plan your adventure: - Setting: Medieval fantasy? Space exploration? Modern mystery?
- Main Quest: What’s the player trying to achieve? - Key Characters: Who will

289
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the player meet? - Major Locations: What places will they explore? - Choice
Consequences: How do decisions affect the story?

26.3.2 2. Interface Design
Sketch your game window:

�����������������������������������������������������������������
� � ADVENTURE GAME - The Crystal Caves
�
�����������������������������������������������������������������
� STORY DISPLAY
�
�
�����������������������������������������������������������
�
� � You stand at the entrance to the mysterious
Crystal � �
� � Caves. Ancient runes glow faintly on the stone
� �
� � archway. A cold wind whispers from within...
� �
� �
� �
� � To your left, you notice a rusted sword
partially � �
� � buried in the ground. To your right, a narrow
path � �
� � leads around the cave entrance.
� �
�
�����������������������������������������������������������
�
�����������������������������������������������������������������
� CHOICES
�
� ������������������� �������������������
������������������� �
� � Enter the caves � � Examine sword � � Take
side path � �
� ������������������� �������������������
������������������� �
�����������������������������������������������������������������
� CHARACTER | INVENTORY | GAME INFO
�
� Health: � � � � � | � Rusty Sword | Location:
Cave Entrance �
� Magic: ��� | � Health Potion| Choices
Made: 3 �
� Level: 1 | � 15 gold coins| Story Branch:
A �
�����������������������������������������������������������������
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26.3.3 3. Game State Architecture
Plan your data structures:

# Game state structure
game_state = {

'player': {
'name': 'Hero',
'health': 100,
'magic': 50,
'level': 1,
'experience': 0,
'location': 'cave_entrance'

},
'inventory': [

{'item': 'rusty_sword', 'type': 'weapon',
'damage': 5},
{'item': 'health_potion', 'type':
'consumable', 'healing': 25}

],
'story': {

'current_scene': 'cave_entrance_01',
'choices_made': ['examined_runes',
'talked_to_wizard'],
'flags': {'has_sword': True,
'wizard_friendly': True},
'branch': 'heroic_path'

},
'game_progress': {

'scenes_visited': 15,
'items_found': 3,
'battles_won': 2,
'save_time': '2024-03-15 16:30:00'

}
}

26.4 Implementation Strategy

26.4.1 Phase 1: Core Game Engine
1. Scene management system
2. Choice handling and consequences
3. Basic state tracking
4. Simple navigation

26.4.2 Phase 2: Player Systems
1. Character stats (health, magic, level)
2. Inventory management
3. Experience and leveling
4. Combat system (if applicable)
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26.4.3 Phase 3: Rich Interface
1. Formatted story display
2. Dynamic choice buttons
3. Character/inventory panels
4. Progress tracking

26.4.4 Phase 4: Advanced Features
1. Save/load game functionality
2. Multiple story branches
3. Random events
4. Achievement system

26.5 AI Partnership Guidelines

26.5.1 Effective Prompts for This Project
� Good Learning Prompts:

"I'm building a text adventure game. I need a
Scene class that stores
story text, available choices, and consequences.
Show me a simple
structure with methods for displaying and handling
choices."

"My adventure game needs to track player
inventory. Show me how to
add/remove items and display them in a tkinter
Listbox with item
descriptions on selection."

"I want to save game state to JSON and reload it
later. Show me how
to serialize my game state dictionary and restore
it safely."

� Avoid These Prompts: - “Create a full RPG with graphics and multiplayer” - “Build
an AI that generates infinite storylines” - “Add 3D graphics and voice acting”

26.5.2 AI Learning Progression
1. Architecture Phase: Game structure

"I need to manage game scenes with story text
and player choices.
What's a good design pattern for this? Show me
a simple example."

2. State Management: Complex data tracking



26.6. Requirements Specification 293

"My adventure game tracks player stats,
inventory, and story progress.
How do I organise this data and update it
efficiently?"

3. Interface Integration: GUI and game logic

"How do I update tkinter widgets when game
state changes?
Show me a pattern for keeping GUI in sync with
game data."

26.6 Requirements Specification
26.6.1 Functional Requirements
Your text adventure must:

1. Story System
• Present narrative text engagingly
• Offer meaningful player choices
• Handle branching storylines
• Support multiple endings

2. Character Management
• Track player stats (health, magic, level)
• Manage inventory system
• Handle character progression
• Support item usage

3. Game Flow
• Navigate between scenes smoothly
• Remember player choices and consequences
• Provide save/load functionality
• Show game progress and statistics

4. User Interface
• Display story text clearly
• Present choices as clickable options
• Show character status and inventory
• Provide game controls (save, load, quit)

26.6.2 Learning Requirements
Your implementation should: - [ ] Use classes to organise game components - [ ] Manage
complex application state - [ ] Create dynamic GUI updates - [ ] Handle user input and
choices - [ ] Demonstrate file I/O for save games

26.7 Sample Interaction
Here’s how your text adventure might work:

� THE CRYSTAL CAVES ADVENTURE
���������������������������������������������������������������
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[STORY PANEL]
���������������������������������������������������������������
You stand before the legendary Crystal Caves,
where ancient magic
is said to still flow through the crystalline
walls. The entrance
is carved with mystical runes that pulse with a
faint blue light.

A weathered sign reads: "Those who enter with pure
hearts may find
what they seek. Those who enter with greed will
find only danger."

As you approach, you notice three paths:
���������������������������������������������������������������

[CHOICES]
���������������������������������������
� � Enter through the main entrance � [BOLD
APPROACH]
���������������������������������������
� � Follow the narrow side path � [CAUTIOUS
APPROACH]
���������������������������������������
� � Study the runes more carefully � [SCHOLARLY
APPROACH]
���������������������������������������
� � Check your equipment first � [PREPARED
APPROACH]
���������������������������������������

���������������������������������������������������������������
PLAYER STATUS: INVENTORY:
� Health: 100/100 � Iron Sword
(Damage: 10)
� Magic: 30/50 � Health Potion x2
� Level: 2 (XP: 250/500) � Mysterious Key
� Location: Cave Entrance � 45 Gold Pieces

� Ancient Map
Fragment

GAME PROGRESS: ACHIEVEMENTS:
� Time Played: 45 minutes � First Steps
(Enter the cave)
� Scenes Visited: 8 � Collector (Find 5
items)
� Main Quest: Find the Crystal � Warrior (Win 3
battles)
� Completion: 15% � Scholar (Solve 3
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puzzles)
���������������������������������������������������������������

[GAME CONTROLS]
� Save Game � Load Game � Settings �
Quit

26.8 Development Approach
26.8.1 Step 1: Scene Management System
Create the core game structure:

class Scene:
def __init__(self, scene_id, title,
description, choices=None):

self.scene_id = scene_id
self.title = title
self.description = description
self.choices = choices or []
self.visited = False
self.items = []
self.characters = []

def add_choice(self, text, consequence,
condition=None):

"""Add a choice with optional condition"""
choice = {

'text': text,
'consequence': consequence,
'condition': condition,
'available': True

}
self.choices.append(choice)

def get_available_choices(self, game_state):
"""Get choices available based on current
game state"""
available = []
for choice in self.choices:

if choice['condition'] is None or
choice'condition':

available.append(choice)
return available

class StoryEngine:
def __init__(self):

self.scenes = {}
self.current_scene = None
self.create_story()
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def create_story(self):
"""Create all game scenes and
connections"""
# Cave entrance
entrance = Scene(

'cave_entrance',
'The Crystal Caves Entrance',
"""You stand before the legendary
Crystal Caves. Ancient runes
glow with mystical energy on the stone
archway. A sign warns
of dangers within, but also speaks of
great treasures for the
worthy."""

)

entrance.add_choice(
"Enter the caves boldly",
{'next_scene': 'main_tunnel',
'player_change': {'courage': +1}}

)

entrance.add_choice(
"Study the runes first",
{'next_scene': 'rune_study',
'player_change': {'wisdom': +1}}

)

entrance.add_choice(
"Look for another entrance",
{'next_scene': 'side_path',
'player_change': {'caution': +1}}

)

self.scenes['cave_entrance'] = entrance

# Add more scenes...
self.create_main_tunnel()
self.create_rune_study()
self.create_side_path()

def get_scene(self, scene_id):
"""Get a scene by ID"""
return self.scenes.get(scene_id)

def process_choice(self, choice, game_state):
"""Process a player's choice and update
game state"""
consequence = choice['consequence']

# Change scene
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if 'next_scene' in consequence:
self.current_scene =
consequence['next_scene']

# Update player stats
if 'player_change' in consequence:

for stat, change in
consequence['player_change'].items():

if stat in game_state['player']:
game_state['player'][stat] =
game_state['player'].get(stat,
0) + change

# Add items
if 'add_item' in consequence:

game_state['inventory'].append(consequence['add_item'])

# Set story flags
if 'set_flag' in consequence:

for flag, value in
consequence['set_flag'].items():

game_state['story']['flags'][flag]
= value

return game_state

26.8.2 Step 2: Player Management
Handle character stats and inventory:

class Player:
def __init__(self, name="Hero"):

self.name = name
self.health = 100
self.max_health = 100
self.magic = 50
self.max_magic = 50
self.level = 1
self.experience = 0
self.stats = {

'courage': 0,
'wisdom': 0,
'caution': 0

}

def take_damage(self, amount):
"""Reduce health by amount"""
self.health = max(0, self.health - amount)
return self.health <= 0 # Return True if
player died
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def heal(self, amount):
"""Restore health"""
self.health = min(self.max_health,
self.health + amount)

def use_magic(self, amount):
"""Use magic if available"""
if self.magic >= amount:

self.magic -= amount
return True

return False

def gain_experience(self, amount):
"""Add experience and check for level
up"""
self.experience += amount
if self.experience >= self.level * 100:

self.level_up()

def level_up(self):
"""Level up the player"""
self.level += 1
self.experience = 0
self.max_health += 20
self.max_magic += 10
self.health = self.max_health # Full heal
on level up
self.magic = self.max_magic
return True

class Inventory:
def __init__(self):

self.items = []
self.max_capacity = 20

def add_item(self, item):
"""Add item to inventory if space
available"""
if len(self.items) < self.max_capacity:

self.items.append(item)
return True

return False

def remove_item(self, item_name):
"""Remove item from inventory"""
for i, item in enumerate(self.items):

if item.get('name') == item_name:
return self.items.pop(i)

return None

def has_item(self, item_name):
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"""Check if inventory contains item"""
return any(item.get('name') == item_name
for item in self.items)

def get_items_by_type(self, item_type):
"""Get all items of a specific type"""
return [item for item in self.items if
item.get('type') == item_type]

def use_item(self, item_name, player):
"""Use an item and apply its effects"""
item = self.remove_item(item_name)
if item and item.get('type') ==
'consumable':

if 'healing' in item:
player.heal(item['healing'])
return f"Used {item['name']} and
restored {item['healing']}
health!"

elif 'magic_restore' in item:
player.magic =
min(player.max_magic, player.magic
+ item['magic_restore'])
return f"Used {item['name']} and
restored {item['magic_restore']}
magic!"

return "Item cannot be used."

26.8.3 Step 3: GUI Integration
Connect the game engine to the interface:

import tkinter as tk
from tkinter import scrolledtext, messagebox
import json

class AdventureGameGUI:
def __init__(self, root):

self.root = root
self.root.title("� The Crystal Caves
Adventure")
self.root.geometry("900x700")

# Initialize game components
self.story_engine = StoryEngine()
self.player = Player()
self.inventory = Inventory()
self.game_state =
self.create_initial_state()

self.create_interface()
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self.start_game()

def create_interface(self):
# Main title
title_frame = tk.Frame(self.root,
bg='darkblue', height=50)
title_frame.pack(fill='x')
title_frame.pack_propagate(False)

title_label = tk.Label(title_frame,
text="� THE CRYSTAL CAVES ADVENTURE",

font=('Arial', 16,
'bold'), fg='white',
bg='darkblue')

title_label.pack(expand=True)

# Story display area
story_frame = tk.Frame(self.root)
story_frame.pack(fill='both', expand=True,
padx=10, pady=5)

tk.Label(story_frame, text="STORY",
font=('Arial', 12,
'bold')).pack(anchor='w')

self.story_text =
scrolledtext.ScrolledText(

story_frame, height=15, wrap=tk.WORD,
font=('Arial', 11), bg='lightyellow'

)
self.story_text.pack(fill='both',
expand=True)

# Choices frame
choices_frame = tk.Frame(self.root)
choices_frame.pack(fill='x', padx=10,
pady=5)

tk.Label(choices_frame, text="CHOICES",
font=('Arial', 12,
'bold')).pack(anchor='w')

self.choices_frame =
tk.Frame(choices_frame)
self.choices_frame.pack(fill='x')

# Status panel
status_frame = tk.Frame(self.root,
bg='lightgray', height=100)
status_frame.pack(fill='x', padx=10,
pady=5)
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status_frame.pack_propagate(False)

# Split status into three columns
player_frame = tk.Frame(status_frame,
bg='lightgray')
player_frame.pack(side='left',
fill='both', expand=True)

inventory_frame = tk.Frame(status_frame,
bg='lightgray')
inventory_frame.pack(side='left',
fill='both', expand=True)

progress_frame = tk.Frame(status_frame,
bg='lightgray')
progress_frame.pack(side='left',
fill='both', expand=True)

# Player status
tk.Label(player_frame, text="PLAYER
STATUS", font=('Arial', 10, 'bold'),

bg='lightgray').pack()
self.player_status =
tk.Label(player_frame, text="",
justify='left',

bg='lightgray',
font=('Arial',
9))

self.player_status.pack()

# Inventory
tk.Label(inventory_frame,
text="INVENTORY", font=('Arial', 10,
'bold'),

bg='lightgray').pack()
self.inventory_status =
tk.Label(inventory_frame, text="",
justify='left',

bg='lightgray',
font=('Arial',
9))

self.inventory_status.pack()

# Progress
tk.Label(progress_frame, text="PROGRESS",
font=('Arial', 10, 'bold'),

bg='lightgray').pack()
self.progress_status =
tk.Label(progress_frame, text="",
justify='left',

bg='lightgray',
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font=('Arial',
9))

self.progress_status.pack()

# Control buttons
control_frame = tk.Frame(self.root)
control_frame.pack(fill='x', padx=10,
pady=5)

tk.Button(control_frame, text="� Save
Game",

command=self.save_game).pack(side='left',
padx=5)

tk.Button(control_frame, text="� Load
Game",

command=self.load_game).pack(side='left',
padx=5)

tk.Button(control_frame, text="� Use
Item",

command=self.show_inventory_dialog).pack(side='left',
padx=5)

tk.Button(control_frame, text="� Quit",
command=self.quit_game).pack(side='right',
padx=5)

def start_game(self):
"""Start the adventure"""
self.story_engine.current_scene =
'cave_entrance'
self.display_current_scene()

def display_current_scene(self):
"""Display the current scene and update
interface"""
scene =
self.story_engine.get_scene(self.story_engine.current_scene)
if not scene:

return

# Mark scene as visited
scene.visited = True

# Clear and update story text
self.story_text.delete(1.0, tk.END)
self.story_text.insert(tk.END,
f"{scene.title}\n\n")
self.story_text.insert(tk.END,
scene.description)

# Clear previous choices
for widget in
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self.choices_frame.winfo_children():
widget.destroy()

# Display available choices
available_choices =
scene.get_available_choices(self.game_state)
for i, choice in
enumerate(available_choices):

btn = tk.Button(
self.choices_frame,
text=f"{i+1}. {choice['text']}",
command=lambda c=choice:
self.make_choice(c),
width=40, height=2, wraplength=300

)
btn.pack(pady=2, fill='x')

# Update status displays
self.update_status_displays()

def make_choice(self, choice):
"""Process a player choice"""
# Update game state based on choice
self.game_state =
self.story_engine.process_choice(choice,
self.game_state)

# Add choice to history
self.game_state['story']['choices_made'].append(choice['text'])

# Display the scene
self.display_current_scene()

# Check for special events
self.check_random_events()

def update_status_displays(self):
"""Update all status displays"""
# Player status
player_text = f"""� Health:
{self.player.health}/{self.player.max_health}

� Magic:
{self.player.magic}/{self.player.max_magic}
� Level: {self.player.level} (XP:
{self.player.experience})
� Location:
{self.story_engine.current_scene.replace('_', '
').title()}"""

self.player_status.config(text=player_text)

# Inventory
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if self.inventory.items:
inventory_text = "\n".join([f"•
{item.get('name', 'Unknown')}"

for item in
self.inventory.items[:5]])

if len(self.inventory.items) > 5:
inventory_text += f"\n... and
{len(self.inventory.items) - 5}
more"

else:
inventory_text = "Empty"

self.inventory_status.config(text=inventory_text)

# Progress
progress_text = f"""� Scenes Visited:
{len([s for s in
self.story_engine.scenes.values() if
s.visited])}

� Choices Made:
{len(self.game_state['story']['choices_made'])}
� Items Found: {len(self.inventory.items)}"""

self.progress_status.config(text=progress_text)

def save_game(self):
"""Save current game state"""
save_data = {

'player': {
'name': self.player.name,
'health': self.player.health,
'max_health':
self.player.max_health,
'magic': self.player.magic,
'max_magic':
self.player.max_magic,
'level': self.player.level,
'experience':
self.player.experience,
'stats': self.player.stats

},
'inventory': self.inventory.items,
'current_scene':
self.story_engine.current_scene,
'game_state': self.game_state

}

try:
with open('adventure_save.json', 'w')
as f:

json.dump(save_data, f, indent=2)
messagebox.showinfo("Save Game", "Game
saved successfully!")



26.8. Development Approach 305

except Exception as e:
messagebox.showerror("Save Error",
f"Could not save game: {e}")

def load_game(self):
"""Load saved game state"""
try:

with open('adventure_save.json', 'r')
as f:

save_data = json.load(f)

# Restore player
player_data = save_data['player']
self.player.name = player_data['name']
self.player.health =
player_data['health']
self.player.max_health =
player_data['max_health']
self.player.magic =
player_data['magic']
self.player.max_magic =
player_data['max_magic']
self.player.level =
player_data['level']
self.player.experience =
player_data['experience']
self.player.stats =
player_data['stats']

# Restore inventory
self.inventory.items =
save_data['inventory']

# Restore scene
self.story_engine.current_scene =
save_data['current_scene']

# Restore game state
self.game_state =
save_data['game_state']

self.display_current_scene()
messagebox.showinfo("Load Game", "Game
loaded successfully!")

except FileNotFoundError:
messagebox.showerror("Load Error", "No
saved game found!")

except Exception as e:
messagebox.showerror("Load Error",
f"Could not load game: {e}")



306 Chapter 26. Project: Text Adventure Game

# Run the game
if __name__ == "__main__":

root = tk.Tk()
game = AdventureGameGUI(root)
root.mainloop()

26.9 Advanced Features
26.9.1 Random Events System

import random

class RandomEvents:
def __init__(self):

self.events = [
{

'name': 'treasure_find',
'chance': 0.1,
'description': 'You discover a
hidden treasure!',
'consequence': {'add_item':
{'name': 'Gold Coins', 'value':
50}}

},
{

'name': 'magic_surge',
'chance': 0.05,
'description': 'A wave of magic
energy flows through you!',
'consequence': {'player_change':
{'magic': +20}}

}
]

def check_for_event(self, game_state):
"""Check if a random event occurs"""
for event in self.events:

if random.random() < event['chance']:
return event

return None

26.9.2 Achievement System

class AchievementManager:
def __init__(self):

self.achievements = {
'first_choice': {'name': 'Decision
Maker', 'description': 'Made your
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first choice'},
'item_collector': {'name':
'Collector', 'description': 'Found 5
items'},
'explorer': {'name': 'Explorer',
'description': 'Visited 10 scenes'},
'level_up': {'name': 'Growing Strong',
'description': 'Reached level 2'}

}
self.unlocked = set()

def check_achievements(self, game_state):
"""Check for newly unlocked
achievements"""
newly_unlocked = []

# Check various conditions
if
len(game_state['story']['choices_made'])
>= 1 and 'first_choice' not in
self.unlocked:

self.unlocked.add('first_choice')
newly_unlocked.append('first_choice')

# Add more achievement checks...

return newly_unlocked

26.10 Common Pitfalls and Solutions

26.10.1 Pitfall 1: Overly Complex Story Branching
Problem: Too many story paths become unmanageable Solution: Use flags and
conditions to merge paths intelligently

26.10.2 Pitfall 2: No Save/Load Validation
Problem: Corrupted save files crash the game Solution: Validate save data and provide
fallbacks

26.10.3 Pitfall 3: Static Choices
Problem: Same choices available regardless of player state Solution: Use conditions to
make choices dynamic

26.10.4 Pitfall 4: Poor State Management
Problem: Game state becomes inconsistent Solution: centralise state updates through
clear methods
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26.11 Testing Your Adventure
26.11.1 Test Scenarios

1. Complete Playthroughs: Multiple paths to different endings
2. Save/Load: Save at various points and reload
3. Edge Cases: Player at 0 health, full inventory
4. Choice Validation: Conditional choices appear/disappear correctly
5. State Persistence: All progress carries between sessions

26.12 Reflection Questions
After completing the project:

1. Interactive Design: What made choices feel meaningful vs arbitrary?
2. State Complexity: How did you manage all the interconnected data?
3. Player Engagement: What kept players invested in the story?
4. Technical Challenges: Which systems were hardest to implement?

26.13 Next Project Preview
Outstanding work! Next, you’ll create the capstone project - a Todo GUI application
that demonstrates everything you’ve learned about software architecture. You’ll design
a complete application from scratch using all your skills!

Your text adventure proves you can create engaging, interactive experiences with complex
state management - the foundation of game development and interactive applications! � 



Chapter 27

Project: Todo Application with
GUI

Exclamation Capstone Project - Before You Start

This is your final project that demonstrates everything you’ve learned! Make
sure you’ve completed: - All previous projects - Chapter 12: Interactive Systems
- Chapter 13: Becoming an Architect
You should be ready to: - Design complete applications from scratch - Integrate
multiple programming concepts - Work with AI as your implementation partner -
Create professional-quality software

LIGHTBULB Code available online

Complete code and notebooks for all projects are available on GitHub with “Open
in Colab” buttons. See books.borck.education (https://books.borck.education).

27.1 Project Overview
This capstone project brings together every skill you’ve learned throughout the course.
You’ll build a complete Todo application with a graphical interface that demonstrates
your journey from beginner to software architect.

This isn’t just about completing a project - it’s about proving you can design, build,
and refine real applications that solve real problems!

27.2 The Problem to Solve
Everyone needs to manage tasks, but most todo apps are either too simple (just text
files) or too complex (overwhelming features). Your todo application should: - Provide
a clean, intuitive interface for managing tasks - Persist data between sessions reliably
- Support task organisation and prioritization - Allow efficient task completion workflows
- Demonstrate professional software architecture - Show your growth as a programmer

309
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27.3 Architect Your Solution First
Before writing any code or consulting AI, design your complete application:

27.3.1 1. Define Your Requirements
Core Features (Must Have): - Add new tasks with descriptions - Mark tasks as
complete/incomplete - Delete tasks permanently - Save tasks to file automatically - Load
saved tasks on startup - Clear, responsive interface

Enhanced Features (Nice to Have): - Task priorities (High, Medium, Low) - Due
dates for tasks - Task categories/tags - Search and filter capabilities - Statistics (total
tasks, completed, etc.)

Not Included (Scope Control): - Cloud synchronization - Multi-user support -
Mobile app version - Advanced collaboration features

27.3.2 2. Design Your Interface
Sketch your application layout:

���������������������������������������������������������������
� � Todo Manager - My Tasks
[Save] [Load] �
���������������������������������������������������������������
� Add New Task:
�
� ���������������������������������������
������������������� �
� � Enter task description... � �
Priority: High �� �
� ���������������������������������������
������������������� �
� [Add Task] [Clear]
�
���������������������������������������������������������������
� Current Tasks:
[Show: All �] �
�
�����������������������������������������������������������
�
� � � Finish Python course (Priority: High)
� �
� � � Complete text adventure project (Priority:
Medium) � �
� � � Read about software architecture (Priority:
Low) � �
� � � Practice with more Python projects
(Priority: High) � �
� �
� �
� �
� �



27.4. Implementation Strategy 311

�
�����������������������������������������������������������
�
� [Complete Selected] [Delete Selected] [Edit
Selected] �
���������������������������������������������������������������
� Statistics: 4 total tasks | 1 completed | 3
remaining �
� Progress: ���������������������� 25%
�
���������������������������������������������������������������

27.3.3 3. Plan Your Data Structure
Design how you’ll store and manage tasks:

# Task data structure
task = {

'id': 1,
'description': 'Finish Python course',
'priority': 'High',
'completed': False,
'created_date': '2024-03-15',
'due_date': '2024-03-20',
'category': 'Learning'

}

# Application data structure
todo_data = {

'tasks': [task1, task2, task3, ...],
'settings': {

'auto_save': True,
'show_completed': True,
'default_priority': 'Medium'

},
'statistics': {

'total_created': 15,
'total_completed': 8,
'current_streak': 3

}
}

27.4 Implementation Strategy
27.4.1 Phase 1: Core Data Management

1. Task creation and storage
2. Basic file save/load functionality
3. Task completion toggling
4. Simple data validation
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27.4.2 Phase 2: Basic GUI
1. Main window with task list
2. Add task interface
3. Complete/delete buttons
4. Status display

27.4.3 Phase 3: Enhanced Interface
1. Priority selection
2. Task filtering and search
3. Statistics dashboard
4. Improved visual design

27.4.4 Phase 4: Polish and Architecture
1. Error handling and validation
2. User experience improvements
3. Code organisation and documentation
4. Testing and refinement

27.5 AI Partnership Guidelines
This is your chance to demonstrate mastery of AI collaboration!

27.5.1 Effective Architecture Prompts
� Good Learning Prompts:

"I'm building a todo app with this data structure:
[paste structure]
I need a TaskManager class that handles adding,
completing, and
deleting tasks. Show me a clean implementation
with methods for
each operation."

"My todo app needs to save/load from JSON. I have
this data
structure: [paste]. Show me functions to safely
save and load
this data with error handling."

"I need a tkinter interface that displays a list
of tasks with
checkboxes. Each task should show description and
priority.
Show me how to create this with proper layout."

� Avoid These Prompts: - “Build a complete todo app with cloud sync” - “Add
machine learning to predict task completion” - “Create a mobile app version”
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27.5.2 AI Learning Progression
1. Architecture Phase: System design

"I want to build a todo app. Help me design the
class structure
and data flow. What are the main components
I'll need?"

2. Implementation Phase: Component building

"Here's my TaskManager class design: [paste].
Help me implement
the add_task method with proper validation."

3. Integration Phase: Connecting pieces

"I have separate Task, TaskManager, and GUI
classes. Show me
how to connect them so GUI updates when tasks
change."

4. Polish Phase: Enhancement and refinement

"My todo app works but needs better error
handling. Show me
how to validate user input and handle file
errors gracefully."

27.6 Requirements Specification
27.6.1 Functional Requirements
Your todo application must:

1. Task Management
• Create new tasks with descriptions
• Mark tasks as complete/incomplete
• Delete tasks permanently
• Edit existing task descriptions
• Assign priority levels to tasks

2. Data Persistence
• Save all tasks to a JSON file
• Load tasks when application starts
• Auto-save when tasks change
• Handle file errors gracefully

3. User Interface
• Display tasks in an organised list
• Provide clear add/edit/delete controls
• Show task completion status visually
• Display application statistics

4. User Experience
• Respond to user actions immediately
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• Provide feedback for operations
• Handle edge cases gracefully
• Maintain data integrity

27.6.2 Learning Requirements
Your implementation should demonstrate: - [ ] Object-oriented design with classes - [ ]
GUI programming with tkinter - [ ] File I/O and data persistence - [ ] Error handling
and validation - [ ] Software architecture principles

27.7 Sample Interaction
Here’s how your todo application might work:

� TODO MANAGER - Starting Up...
Loading saved tasks from: todo_data.json
Found 3 existing tasks

���������������������������������������������������������������
� � TODO MANAGER [�
Save] [� Load] �
���������������������������������������������������������������
� Add New Task:
�
� Task: [________________________] Priority:
[Medium �] [Add] �
���������������������������������������������������������������
� � Current Tasks (3 total, 1 completed, 2
remaining): �
�
�
� � HIGH | Finish Python Step by Step course
�
� � MEDIUM | Complete text adventure project
�
� � LOW | Read about software design patterns
�
�
�
� Selected: [Finish Python Step by Step course]
�
� [� Complete] [� Edit] [� Delete]
�
���������������������������������������������������������������
� � Progress: �������������������� 33% (1 of 3
completed) �
� � Today's Goal: Complete 2 tasks
�
���������������������������������������������������������������

User clicks "� Complete" on first task...
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� Task completed: "Finish Python Step by Step
course"
� Progress updated: 66% complete!
� Auto-saved to todo_data.json

User adds new task: "Start Python Jumpstart
course"

� New task added: "Start Python Jumpstart course"
(Priority: High)
� Stats updated: 4 total tasks, 2 completed, 2
remaining
� Auto-saved to todo_data.json

27.8 Development Approach
27.8.1 Step 1: Task Data Management
Start with the core data handling:

import json
from datetime import datetime
from typing import List, Dict, Optional

class Task:
"""Represents a single todo task"""

def __init__(self, description: str, priority:
str = "Medium"):

self.id = self._generate_id()
self.description = description
self.priority = priority
self.completed = False
self.created_date =
datetime.now().strftime("%Y-%m-%d")
self.due_date = None
self.category = "General"

def _generate_id(self) -> int:
"""Generate unique ID for task"""
return int(datetime.now().timestamp() *
1000000) % 1000000

def complete(self):
"""Mark task as completed"""
self.completed = True

def uncomplete(self):
"""Mark task as not completed"""
self.completed = False
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def to_dict(self) -> Dict:
"""Convert task to dictionary for
saving"""
return {

'id': self.id,
'description': self.description,
'priority': self.priority,
'completed': self.completed,
'created_date': self.created_date,
'due_date': self.due_date,
'category': self.category

}

@classmethod
def from_dict(cls, data: Dict) -> 'Task':

"""Create task from dictionary"""
task = cls(data['description'],
data['priority'])
task.id = data['id']
task.completed = data['completed']
task.created_date = data['created_date']
task.due_date = data.get('due_date')
task.category = data.get('category',
'General')
return task

def __str__(self) -> str:
status = "�" if self.completed else "�"
return f"{status} {self.priority.upper()}:
{self.description}"

class TaskManager:
"""Manages collection of tasks with
persistence"""

def __init__(self, filename: str =
"todo_data.json"):

self.filename = filename
self.tasks: List[Task] = []
self.load_tasks()

def add_task(self, description: str, priority:
str = "Medium") -> Task:

"""Add a new task"""
if not description.strip():

raise ValueError("Task description
cannot be empty")

task = Task(description.strip(), priority)
self.tasks.append(task)
self.save_tasks()
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return task

def complete_task(self, task_id: int) -> bool:
"""Mark a task as complete"""
task = self.get_task_by_id(task_id)
if task:

task.complete()
self.save_tasks()
return True

return False

def delete_task(self, task_id: int) -> bool:
"""Delete a task permanently"""
task = self.get_task_by_id(task_id)
if task:

self.tasks.remove(task)
self.save_tasks()
return True

return False

def get_task_by_id(self, task_id: int) ->
Optional[Task]:

"""Find task by ID"""
for task in self.tasks:

if task.id == task_id:
return task

return None

def get_tasks(self, include_completed: bool =
True) -> List[Task]:

"""Get all tasks, optionally excluding
completed ones"""
if include_completed:

return self.tasks.copy()
return [task for task in self.tasks if not
task.completed]

def get_statistics(self) -> Dict:
"""Get task statistics"""
total = len(self.tasks)
completed = len([t for t in self.tasks if
t.completed])
return {

'total': total,
'completed': completed,
'remaining': total - completed,
'completion_rate': (completed / total
* 100) if total > 0 else 0

}

def save_tasks(self):
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"""Save all tasks to JSON file"""
try:

data = {
'tasks': [task.to_dict() for task
in self.tasks],
'saved_at':
datetime.now().isoformat()

}
with open(self.filename, 'w') as f:

json.dump(data, f, indent=2)
except Exception as e:

print(f"Error saving tasks: {e}")

def load_tasks(self):
"""Load tasks from JSON file"""
try:

with open(self.filename, 'r') as f:
data = json.load(f)
self.tasks =
[Task.from_dict(task_data)

for task_data in
data.get('tasks',
[])]

except FileNotFoundError:
# No existing file, start with empty
task list
self.tasks = []

except Exception as e:
print(f"Error loading tasks: {e}")
self.tasks = []

27.8.2 Step 2: Basic GUI Framework
Create the main interface:

import tkinter as tk
from tkinter import ttk, messagebox
from typing import Optional

class TodoGUI:
"""Main GUI application for Todo Manager"""

def __init__(self, root: tk.Tk):
self.root = root
self.root.title("� Todo Manager")
self.root.geometry("700x600")

# Initialize task manager
self.task_manager = TaskManager()
self.selected_task_id: Optional[int] =
None
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# Create interface
self.create_widgets()
self.refresh_task_display()

# Bind window close event
self.root.protocol("WM_DELETE_WINDOW",
self.on_closing)

def create_widgets(self):
"""Create all GUI widgets"""
# Main container
main_frame = ttk.Frame(self.root,
padding="10")
main_frame.grid(row=0, column=0,
sticky=(tk.W, tk.E, tk.N, tk.S))

# Configure grid weights
self.root.columnconfigure(0, weight=1)
self.root.rowconfigure(0, weight=1)
main_frame.columnconfigure(1, weight=1)

# Title and controls
self.create_header(main_frame)

# Add task section
self.create_add_section(main_frame)

# Task list section
self.create_task_list(main_frame)

# Control buttons
self.create_controls(main_frame)

# Statistics section
self.create_statistics(main_frame)

def create_header(self, parent):
"""Create header with title and file
controls"""
header_frame = ttk.Frame(parent)
header_frame.grid(row=0, column=0,
columnspan=3, sticky=(tk.W, tk.E),
pady=(0, 10))

# Title
title_label = ttk.Label(header_frame,
text="� Todo Manager",

font=('Arial', 16,
'bold'))

title_label.grid(row=0, column=0,
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sticky=tk.W)

# File controls
file_frame = ttk.Frame(header_frame)
file_frame.grid(row=0, column=1,
sticky=tk.E)

ttk.Button(file_frame, text="� Save",
command=self.save_tasks).grid(row=0,
column=0, padx=2)

ttk.Button(file_frame, text="� Load",
command=self.load_tasks).grid(row=0,
column=1, padx=2)

header_frame.columnconfigure(0, weight=1)

def create_add_section(self, parent):
"""Create task addition section"""
add_frame = ttk.LabelFrame(parent,
text="Add New Task", padding="5")
add_frame.grid(row=1, column=0,
columnspan=3, sticky=(tk.W, tk.E),
pady=(0, 10))
add_frame.columnconfigure(0, weight=1)

# Task entry
entry_frame = ttk.Frame(add_frame)
entry_frame.grid(row=0, column=0,
sticky=(tk.W, tk.E))
entry_frame.columnconfigure(0, weight=1)

ttk.Label(entry_frame,
text="Task:").grid(row=0, column=0,
sticky=tk.W)
self.task_entry = ttk.Entry(entry_frame,
width=50)
self.task_entry.grid(row=0, column=1,
sticky=(tk.W, tk.E), padx=(5, 10))

# Priority selection
ttk.Label(entry_frame,
text="Priority:").grid(row=0, column=2)
self.priority_var =
tk.StringVar(value="Medium")
priority_combo = ttk.Combobox(entry_frame,
textvariable=self.priority_var,

values=["High",
"Medium",
"Low"],
state="readonly",
width=10)
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priority_combo.grid(row=0, column=3,
padx=5)

# Buttons
button_frame = ttk.Frame(add_frame)
button_frame.grid(row=1, column=0,
sticky=tk.W, pady=5)

ttk.Button(button_frame, text="Add Task",
command=self.add_task).grid(row=0,
column=0, padx=(0, 5))

ttk.Button(button_frame, text="Clear",
command=self.clear_entry).grid(row=0,
column=1)

# Bind Enter key to add task
self.task_entry.bind('<Return>', lambda e:
self.add_task())

def create_task_list(self, parent):
"""Create task list display"""
list_frame = ttk.LabelFrame(parent,
text="Current Tasks", padding="5")
list_frame.grid(row=2, column=0,
columnspan=3, sticky=(tk.W, tk.E, tk.N,
tk.S), pady=(0, 10))
list_frame.columnconfigure(0, weight=1)
list_frame.rowconfigure(0, weight=1)

# Task listbox with scrollbar
listbox_frame = ttk.Frame(list_frame)
listbox_frame.grid(row=0, column=0,
sticky=(tk.W, tk.E, tk.N, tk.S))
listbox_frame.columnconfigure(0, weight=1)
listbox_frame.rowconfigure(0, weight=1)

self.task_listbox =
tk.Listbox(listbox_frame, height=12,

font=('Courier',
10))

self.task_listbox.grid(row=0, column=0,
sticky=(tk.W, tk.E, tk.N, tk.S))

# Scrollbar
scrollbar = ttk.Scrollbar(listbox_frame,
orient=tk.VERTICAL,

command=self.task_listbox.yview)
scrollbar.grid(row=0, column=1,
sticky=(tk.N, tk.S))
self.task_listbox.config(yscrollcommand=scrollbar.set)
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# Bind selection event
self.task_listbox.bind('<<ListboxSelect>>',
self.on_task_select)

def create_controls(self, parent):
"""Create task control buttons"""
control_frame = ttk.Frame(parent)
control_frame.grid(row=3, column=0,
columnspan=3, pady=(0, 10))

ttk.Button(control_frame, text="� Complete
Selected",

command=self.complete_selected).grid(row=0,
column=0, padx=2)

ttk.Button(control_frame, text="�
Uncomplete Selected",

command=self.uncomplete_selected).grid(row=0,
column=1, padx=2)

ttk.Button(control_frame, text="� Edit
Selected",

command=self.edit_selected).grid(row=0,
column=2, padx=2)

ttk.Button(control_frame, text="� Delete
Selected",

command=self.delete_selected).grid(row=0,
column=3, padx=2)

def create_statistics(self, parent):
"""Create statistics display"""
stats_frame = ttk.LabelFrame(parent,
text="Statistics", padding="5")
stats_frame.grid(row=4, column=0,
columnspan=3, sticky=(tk.W, tk.E))

self.stats_label = ttk.Label(stats_frame,
text="No tasks yet")
self.stats_label.grid(row=0, column=0,
sticky=tk.W)

# Progress bar
self.progress_var = tk.DoubleVar()
self.progress_bar =
ttk.Progressbar(stats_frame,
variable=self.progress_var,

maximum=100,
length=300)

self.progress_bar.grid(row=1, column=0,
sticky=(tk.W, tk.E), pady=5)

stats_frame.columnconfigure(0, weight=1)



27.8. Development Approach 323

def refresh_task_display(self):
"""Refresh the task list display"""
# Clear current display
self.task_listbox.delete(0, tk.END)

# Add all tasks
for task in self.task_manager.get_tasks():

status = "�" if task.completed else
"�"
priority_indicator = {

"High": "�",
"Medium": "�",
"Low": "�"

}.get(task.priority, "�")

display_text = f"{status}
{priority_indicator}
{task.priority.upper():<6} |
{task.description}"
self.task_listbox.insert(tk.END,
display_text)

# Update statistics
self.update_statistics()

def update_statistics(self):
"""Update statistics display"""
stats = self.task_manager.get_statistics()

stats_text = (f"� {stats['total']} total
tasks | "

f"{stats['completed']}
completed | "
f"{stats['remaining']}
remaining")

self.stats_label.config(text=stats_text)

# Update progress bar
self.progress_var.set(stats['completion_rate'])

def add_task(self):
"""Add a new task"""
description =
self.task_entry.get().strip()
if not description:

messagebox.showwarning("Invalid
Input", "Please enter a task
description")
return

try:
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priority = self.priority_var.get()
self.task_manager.add_task(description,
priority)
self.clear_entry()
self.refresh_task_display()
messagebox.showinfo("Success", f"Task
added: {description}")

except Exception as e:
messagebox.showerror("Error", f"Failed
to add task: {e}")

def clear_entry(self):
"""Clear the task entry field"""
self.task_entry.delete(0, tk.END)
self.priority_var.set("Medium")
self.task_entry.focus()

def on_task_select(self, event):
"""Handle task selection"""
selection =
self.task_listbox.curselection()
if selection:

index = selection[0]
tasks = self.task_manager.get_tasks()
if 0 <= index < len(tasks):

self.selected_task_id =
tasks[index].id

def complete_selected(self):
"""Mark selected task as complete"""
if self.selected_task_id:

if
self.task_manager.complete_task(self.selected_task_id):

self.refresh_task_display()
messagebox.showinfo("Success",
"Task marked as complete!")

def uncomplete_selected(self):
"""Mark selected task as incomplete"""
if self.selected_task_id:

task =
self.task_manager.get_task_by_id(self.selected_task_id)
if task:

task.uncomplete()
self.task_manager.save_tasks()
self.refresh_task_display()
messagebox.showinfo("Success",
"Task marked as incomplete!")

def edit_selected(self):
"""Edit selected task"""
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if not self.selected_task_id:
messagebox.showwarning("No Selection",
"Please select a task to edit")
return

task =
self.task_manager.get_task_by_id(self.selected_task_id)
if not task:

return

# Create edit dialog
dialog = tk.Toplevel(self.root)
dialog.title("Edit Task")
dialog.geometry("400x200")
dialog.transient(self.root)
dialog.grab_set()

# Center the dialog
dialog.geometry("+%d+%d" %
(self.root.winfo_rootx() + 50,

self.root.winfo_rooty()
+ 50))

# Edit form
ttk.Label(dialog, text="Task
Description:").pack(pady=5)

edit_entry = ttk.Entry(dialog, width=50)
edit_entry.pack(pady=5)
edit_entry.insert(0, task.description)
edit_entry.focus()

ttk.Label(dialog,
text="Priority:").pack(pady=5)

priority_var =
tk.StringVar(value=task.priority)
priority_combo = ttk.Combobox(dialog,
textvariable=priority_var,

values=["High",
"Medium",
"Low"],
state="readonly")

priority_combo.pack(pady=5)

def save_edit():
new_description =
edit_entry.get().strip()
if new_description:

task.description = new_description
task.priority = priority_var.get()
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self.task_manager.save_tasks()
self.refresh_task_display()
dialog.destroy()
messagebox.showinfo("Success",
"Task updated!")

else:
messagebox.showwarning("Invalid
Input", "Description cannot be
empty")

def cancel_edit():
dialog.destroy()

# Buttons
button_frame = ttk.Frame(dialog)
button_frame.pack(pady=10)

ttk.Button(button_frame, text="Save",
command=save_edit).pack(side=tk.LEFT,
padx=5)
ttk.Button(button_frame, text="Cancel",
command=cancel_edit).pack(side=tk.LEFT,
padx=5)

# Bind Enter key to save
edit_entry.bind('<Return>', lambda e:
save_edit())

def delete_selected(self):
"""Delete selected task"""
if not self.selected_task_id:

messagebox.showwarning("No Selection",
"Please select a task to delete")
return

task =
self.task_manager.get_task_by_id(self.selected_task_id)
if not task:

return

# Confirm deletion
if messagebox.askyesno("Confirm Delete",

f"Are you sure you
want to
delete:\n'{task.description}'?"):

if
self.task_manager.delete_task(self.selected_task_id):

self.selected_task_id = None
self.refresh_task_display()
messagebox.showinfo("Success",
"Task deleted!")
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def save_tasks(self):
"""Manually save tasks"""
self.task_manager.save_tasks()
messagebox.showinfo("Saved", "Tasks saved
successfully!")

def load_tasks(self):
"""Manually reload tasks"""
self.task_manager.load_tasks()
self.refresh_task_display()
messagebox.showinfo("Loaded", "Tasks
reloaded from file!")

def on_closing(self):
"""Handle application closing"""
# Auto-save before closing
self.task_manager.save_tasks()
self.root.destroy()

# Main application entry point
def main():

"""Run the Todo GUI application"""
root = tk.Tk()
app = TodoGUI(root)
root.mainloop()

if __name__ == "__main__":
main()

27.9 Advanced Features
27.9.1 Feature 1: Search and Filter

def create_filter_section(self, parent):
"""Create search and filter controls"""
filter_frame = ttk.LabelFrame(parent,
text="Filter Tasks", padding="5")
filter_frame.grid(row=1, column=0,
columnspan=3, sticky=(tk.W, tk.E), pady=5)

# Search entry
ttk.Label(filter_frame,
text="Search:").grid(row=0, column=0, padx=5)
self.search_var = tk.StringVar()
self.search_entry = ttk.Entry(filter_frame,
textvariable=self.search_var, width=20)
self.search_entry.grid(row=0, column=1,
padx=5)
self.search_var.trace('w', self.apply_filters)
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# Show completed checkbox
self.show_completed_var =
tk.BooleanVar(value=True)
completed_check =
ttk.Checkbutton(filter_frame, text="Show
Completed",

variable=self.show_completed_var,
command=self.apply_filters)

completed_check.grid(row=0, column=2, padx=5)

# Priority filter
ttk.Label(filter_frame,
text="Priority:").grid(row=0, column=3,
padx=5)
self.priority_filter_var =
tk.StringVar(value="All")
priority_filter = ttk.Combobox(filter_frame,
textvariable=self.priority_filter_var,

values=["All",
"High",
"Medium",
"Low"],
state="readonly",
width=10)

priority_filter.grid(row=0, column=4, padx=5)
priority_filter.bind('<<ComboboxSelected>>',
lambda e: self.apply_filters())

def apply_filters(self):
"""Apply search and filter criteria"""
search_term = self.search_var.get().lower()
show_completed = self.show_completed_var.get()
priority_filter =
self.priority_filter_var.get()

# Clear current display
self.task_listbox.delete(0, tk.END)

# Filter and display tasks
for task in self.task_manager.get_tasks():

# Apply filters
if not show_completed and task.completed:

continue

if priority_filter != "All" and
task.priority != priority_filter:

continue

if search_term and search_term not in
task.description.lower():
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continue

# Display filtered task
status = "�" if task.completed else "�"
priority_indicator = {

"High": "�", "Medium": "�", "Low": "�"
}.get(task.priority, "�")

display_text = f"{status}
{priority_indicator}
{task.priority.upper():<6} |
{task.description}"
self.task_listbox.insert(tk.END,
display_text)

27.9.2 Feature 2: Import/Export Functionality

def create_import_export(self):
"""Add import/export capabilities"""

def export_to_text():
"""Export tasks to readable text file"""
try:

with open("todo_export.txt", "w") as
f:

f.write("TODO LIST EXPORT\n")
f.write("="*50 + "\n\n")

stats =
self.task_manager.get_statistics()
f.write(f"Total Tasks:
{stats['total']}\n")
f.write(f"Completed:
{stats['completed']}\n")
f.write(f"Remaining:
{stats['remaining']}\n\n")

# Group by status
f.write("PENDING TASKS:\n")
f.write("-" * 20 + "\n")
for task in
self.task_manager.get_tasks():

if not task.completed:
f.write(f"•
{task.priority.upper()}:
{task.description}\n")

f.write("\nCOMPLETED TASKS:\n")
f.write("-" * 20 + "\n")
for task in
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self.task_manager.get_tasks():
if task.completed:

f.write(f"�
{task.priority.upper()}:
{task.description}\n")

messagebox.showinfo("Export Complete",
"Tasks exported to todo_export.txt")

except Exception as e:
messagebox.showerror("Export Error",
f"Failed to export: {e}")

def import_from_text():
"""Import tasks from text file"""
# Implementation for importing tasks
pass

27.10 Testing Your Todo Application
27.10.1 Test Scenarios

1. Basic Functionality
• Add tasks with different priorities
• Mark tasks complete/incomplete
• Delete tasks
• Edit task descriptions

2. Data Persistence
• Close and reopen application
• Verify all tasks are preserved
• Test with corrupted data file

3. Edge Cases
• Empty task descriptions
• Very long task descriptions
• Special characters in tasks
• Deleting all tasks

4. User Interface
• Resize window
• Select tasks with keyboard/mouse
• Use keyboard shortcuts
• Test all buttons and controls

27.10.2 Manual Testing Checklist

� Add new task with each priority level
� Complete and uncomplete tasks
� Edit existing task descriptions
� Delete tasks with confirmation
� Search for specific tasks
� Filter by priority and completion
� Save and load task data
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� Export tasks to text file
� Handle empty states gracefully
� Resize window - interface adapts
� Close and reopen - data persists
� Test with large number of tasks (50+)

27.11 Common Pitfalls and Solutions
27.11.1 Pitfall 1: No Data Validation
Problem: Application crashes with invalid input Solution: Validate all user input
before processing

27.11.2 Pitfall 2: Poor User Feedback
Problem: Users don’t know if actions succeeded Solution: Show success/error messages
for all operations

27.11.3 Pitfall 3: No Auto-Save
Problem: Users lose data when app crashes Solution: Auto-save after every change

27.11.4 Pitfall 4: Complex Interface
Problem: Too many features confuse users Solution: Keep interface simple and
intuitive

27.12 Reflection Questions
After completing your todo application:

1. Architecture Design: How did planning first change your development process?

2. AI Partnership: What did you learn about working with AI as an implementation
partner?

3. User Experience: What makes your application easy or difficult to use?

4. Code organisation: How did you structure your code for maintainability?

5. Problem Solving: What challenges surprised you during development?

6. Future Improvements: What features would you add next?

27.13 Congratulations!
You’ve built a complete, professional-quality application that demonstrates mastery of:

• � Object-oriented programming with classes and methods
• � GUI development with tkinter
• � Data persistence with JSON files
• � Error handling and user validation
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• � Software architecture and design patterns
• � AI partnership for efficient development

This capstone project proves you’re ready for Python Jumpstart and advanced
programming challenges. You’ve transformed from a complete beginner to a software
architect who can design and build real applications!

27.14 Next Steps
Your journey with Python is just beginning:

1. Enhance your todo app with additional features
2. Start Python Jumpstart for web development
3. Build more projects using your new skills
4. Join programming communities to continue learning
5. Teach others what you’ve learned

You’re no longer learning to code - you’re a programmer who builds solutions! �
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Chapter 28

Chapter 14: Your
Programming Journey Forward

INFO Chapter Summary

Congratulations! You’ve completed your foundation in Python programming with
AI partnership. This final chapter helps you transition from “Step by Step” learning
to tackling ambitious projects in Python Jumpstart. You’re no longer a beginner -
you’re a programmer ready for real-world challenges!

28.1 From Beginner to Builder
When you started this book, you knew nothing about programming. Today, you’ve built:
- Interactive games and applications - Data analysis tools - Web-connected programs -
Graphical user interfaces - Complete software systems

More importantly, you’ve learned how to think like a programmer while partnering
effectively with AI.

28.2 What You’ve Mastered
28.2.1 Technical Skills �
Part I - Computational Thinking: - Variables, input/output, and data flow - Decision
making with conditionals - Repetition with loops and patterns - Working with lists and
collections

Part II - Building Systems: - Functions for code organisation - Data structures for
information management - File operations for data persistence - Debugging strategies
and error handling

Part III - Real-World Programming: - Processing data from files and APIs -
Creating interactive graphical interfaces - Software architecture and design principles -
Integration of multiple programming concepts

335
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28.2.2 Meta-Skills �
AI Partnership Mastery: - Using AI to explain concepts, not avoid learning -
Simplifying AI’s complex solutions for understanding - Designing solutions first, then
implementing with AI - Critical evaluation of AI-generated code

Problem-Solving Approach: - Breaking complex problems into manageable pieces -
Planning before coding - Testing and iterating on solutions - Building understanding
through exploration

Professional Habits: - Writing readable, maintainable code - Documenting decisions
and thought processes - Testing thoroughly before declaring “done” - Learning from
both successes and failures

28.3 The Confidence Assessment
Before moving forward, let’s verify your readiness. You should be able to confidently
say:

28.3.1 “I Can…” Statements
Understanding Code: - [ ] “I can read any basic Python program and explain what it
does” - [ ] “I can trace through code execution step by step” - [ ] “I can identify what’s
wrong when code doesn’t work” - [ ] “I can explain programming concepts to someone
else”

Writing Code: - [ ] “I can write programs from scratch without AI” - [ ] “I can break
big problems into smaller, solvable pieces” - [ ] “I can choose the right data structures
for a problem” - [ ] “I can organise code into functions and classes”

Working with AI: - [ ] “I can ask AI the right questions to learn, not just get answers”
- [ ] “I can simplify AI’s complex code until I understand every part” - [ ] “I can spot
when AI’s suggestions are too advanced or wrong” - [ ] “I can use AI as a tool while
remaining the architect”

Building Applications: - [ ] “I can design a complete application before writing code”
- [ ] “I can create programs that save and load data” - [ ] “I can build graphical interfaces
that users can actually use” - [ ] “I can integrate different programming concepts into
working systems”

If you can honestly check most of these boxes, you’re ready for Python Jumpstart!

28.4 The Python Jumpstart Transition
28.4.1 What Changes in Project-Based Learning
From Chapters to Projects: - Step by Step: Learn one concept at a time - Jumpstart:
Build complete applications using all concepts together

From Console to Web: - Step by Step: Text-based programs and simple GUIs -
Jumpstart: Web applications, databases, and user authentication

From Simple to Sophisticated: - Step by Step: Basic programs that demonstrate
concepts - Jumpstart: Professional-quality applications you can deploy



28.5. Your New Programming Toolkit 337

From Guided to Independent: - Step by Step: Detailed instructions and scaffolding -
Jumpstart: Project goals with freedom to choose your approach

28.4.2 What Stays the Same
Your Problem-Solving Process: 1. Understand the problem completely 2. Design
your solution architecture 3. Break implementation into phases 4. Build incrementally
with testing 5. Refine based on feedback

Your AI Partnership: - AI remains your implementation assistant, not your architect
- You still design first, then ask AI for specific help - You continue to simplify and
understand AI’s suggestions - You maintain critical thinking about AI’s recommendations

Your Learning Mindset: - Embrace challenges as learning opportunities - Build
understanding through hands-on practice - Learn from both working code and broken
code - Focus on principles, not just syntax memorization

28.5 Your New Programming Toolkit

28.5.1 Core Python Knowledge
You now understand the fundamental building blocks:

# Data handling
variables, lists, dictionaries, files, JSON

# Control flow
if/else, loops, functions, exception handling

# User interaction
input/output, GUI programming, event handling

# System integration
file operations, API calls, data persistence

28.5.2 Problem-Solving Patterns
You recognise common programming patterns: - Input → Process → Output: The
foundation of all programs - Loop + Accumulator: Building results incrementally -
Guard Clauses: Checking conditions before proceeding - Separation of Concerns:
Keeping data, logic, and interface separate

28.5.3 AI Collaboration Strategies
You know how to work effectively with AI: - Conceptual Questions: “Explain how
dictionaries work” - Design Discussions: “What’s a good way to structure this data?”
- Implementation Help: “Here’s my design - help me implement this part” - Code
Review: “What could go wrong with this approach?”
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28.6 Preparing for Python Jumpstart

28.6.1 Technical Preparation
Review Your Foundation: - Revisit any projects where you struggled - Practice
building small programs without AI assistance - Make sure you understand every line of
code you’ve written - Test your knowledge by explaining concepts to others

Strengthen Weak Areas: - If dictionaries still confuse you, build more programs
using them - If GUI programming feels shaky, create a few more tkinter applications - If
file operations seem mysterious, practice reading/writing different formats - If debugging
frustrates you, deliberately break code and fix it

Expand Your Comfort Zone: - Try building variations of completed projects -
Combine concepts in new ways - Explore Python libraries you haven’t used yet - Read
other people’s code and try to understand it

28.6.2 Mindset Preparation
Embrace Complexity: Python Jumpstart projects will be more complex than anything
you’ve built. That’s the point! You’re ready to handle that complexity because you
understand the underlying principles.

Trust Your Problem-Solving Process: When faced with overwhelming requirements,
break them down using the same techniques you’ve practiced. Every complex application
is just simple pieces working together.

Maintain Your Learning Partnership with AI: AI will become even more valuable
as projects get complex, but your role as architect becomes more important, not less.
You’re the one who understands what needs to be built.

Expect Productive Struggle: Real programming involves getting stuck, working
through problems, and discovering solutions. This isn’t failure - it’s learning. You now
have the tools to work through challenges systematically.

28.7 Project Ideas for Continued Practice

28.7.1 Bridge Projects
Before jumping into Jumpstart, consider building these practice projects:

Personal Dashboard: - Combine weather API, todo list, and calendar - Practice
integrating multiple data sources - Build a useful tool for yourself

Mini Social Network: - Users can post messages and follow others - Practice data
relationships and user management - Prepare for database concepts

Game Collection: - Build 3-4 simple games with a menu system - Practice code
organisation and user experience - Explore more advanced tkinter features

Data Analysis Tool: - Load CSV files and generate reports/charts - Practice working
with larger datasets - Prepare for data science applications
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28.7.2 Skills to Explore
Web Development Basics: - Learn HTML/CSS basics to understand web structure -
Understand how web applications differ from desktop apps - Explore Flask or Django
frameworks

Database Fundamentals: - Understand how databases differ from files - Learn basic
SQL concepts - Practice data modelling and relationships

Version Control: - Learn Git for tracking code changes - Practice branching and
merging - Understand collaborative development

Testing and Quality: - Write automated tests for your functions - Learn about code
quality tools - Practice refactoring and code improvement

28.8 The Road Ahead
28.8.1 Immediate Next Steps
Consolidation - Review all your projects and identify patterns - Refactor one project
to improve its design - Write documentation for your favourite application

Exploration - Try building something you’ve never attempted - Explore a Python
library you haven’t used - Read other programmers’ code for inspiration

Teaching - Explain programming concepts to a friend or family member - Write a
blog post about something you’ve learned - Help someone else with their programming
questions

Preparation - Set up your development environment for web programming - Review
web development fundamentals - Plan your first Jumpstart project

28.8.2 Long-term Journey (Months 4-12)
Months 4-6: Python Jumpstart - Build 6-8 substantial web applications - Learn
database design and management - Deploy applications to the internet - Work with real
user feedback

Months 7-9: Specialization - Choose an area that interests you (web development,
data science, automation) - Dive deeper into specialized tools and frameworks - Build a
portfolio of impressive projects - Connect with programming communities

Months 10-12: Mastery - Contribute to open source projects - Mentor other beginning
programmers - Build applications that solve real problems - Consider advanced topics
like system design or machine learning

28.9 Measuring Your Progress
28.9.1 Milestone Markers
You’re making good progress when: - Code that used to confuse you now makes
sense - You can build applications without step-by-step instructions - You naturally
think in terms of functions, data structures, and user experience - You use AI as a tool
rather than depending on it completely
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You’re ready for the next level when: - You can architect complete applications
before writing code - You can read and understand other programmers’ code - You can
debug problems systematically - You can explain programming concepts clearly to others

28.9.2 Warning Signs
If you’re struggling with Jumpstart projects: - Come back to Step by Step
concepts and reinforce your foundation - Build more practice projects at this level before
advancing - Focus on understanding rather than just completing projects - Remember:
there’s no shame in taking more time to build solid foundations

28.10 Your AI Partnership Evolution

28.10.1 How Your Relationship with AI Will Change
Level 1 (Beginner - Where You Started): - AI: “Build me a calculator” - You:
Copy whatever AI produces

Level 2 (Learning - Where You’ve Been): - AI: “Explain how this calculator works”
- You: Understand each part before using it

Level 3 (Architect - Where You Are Now): - You: “I need a calculator with
these specific features. Here’s my design.” - AI: “Here’s how to implement that design
efficiently.”

Level 4 (Expert - Where You’re Heading): - You: “I’m building a financial
application. What are the trade-offs between these architectural approaches?” - AI:
“Here are the considerations for each approach…”

28.10.2 Maintaining Effective AI Partnership
Continue to: - Design before implementing - Understand every suggestion before using
it - Ask “why” questions, not just “how” - Test and validate AI’s suggestions - Maintain
critical thinking about AI’s recommendations

Avoid: - Letting AI make architectural decisions - Using code you don’t understand -
Accepting AI’s first suggestion without evaluation - Becoming dependent on AI for basic
tasks - Losing your problem-solving skills

28.11 Common Transition Challenges

28.11.1 Challenge 1: “The Projects Are Too Big”
What’s happening: Jumpstart projects integrate many concepts simultaneously, which
can feel overwhelming.

Solution: Use your decomposition skills. Every large project is just smaller pieces
connected together. Break requirements into the smallest possible tasks.

Example: Instead of: “Build a social media application” Think: “Build user registration,
then user login, then posting messages, then viewing posts…”
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28.11.2 Challenge 2: “I Don’t Know Where to Start”
What’s happening: Without step-by-step instructions, you might feel lost.

Solution: Use your architecture skills. Start with understanding the problem completely,
then design your solution before coding.

Process: 1. What problem does this solve? 2. Who will use it and how? 3. What data
needs to be stored? 4. What does the user interface look like? 5. What’s the simplest
version that would work?

28.11.3 Challenge 3: “AI’s Suggestions Are Too Advanced”
What’s happening: AI might suggest frameworks, libraries, or patterns you haven’t
learned yet.

Solution: Continue your simplification practice. Ask AI to show you simpler approaches
using only what you know.

Example: AI suggests: “Use Django with class-based views and model serializers” You
ask: “Show me how to build this with just basic Python and simple web requests”

28.11.4 Challenge 4: “I’m Making Too Many Mistakes”
What’s happening: More complex projects mean more opportunities for bugs and
design problems.

Solution: This is normal and valuable! Each mistake is teaching you something
important. Use your debugging skills systematically.

Approach: - Expect problems - they’re part of learning - Break problems into smaller
pieces - Test frequently as you build - Learn from each issue you encounter

28.12 Building Your Programming Identity
28.12.1 From Beginner to Professional
You’re transitioning from someone who “is learning to program” to someone who “is a
programmer who is always learning.” This identity shift is crucial for your continued
growth.

Professional Habits to Develop: - Write code that others (including future you)
can understand - Test your applications thoroughly before considering them complete
- Document your decisions and thought processes - Seek feedback and be open to
improvement - Share your knowledge with other learners

Community Engagement: - Join programming forums and communities - Attend
local meetups or online events - Follow experienced developers on social media - Read
programming blogs and articles - Contribute to open source projects when you’re ready

28.12.2 Your Unique Perspective
You have something valuable that many programmers lack: you learned to program
with AI from the beginning. This gives you unique insights:

• You understand how to work with AI as a tool rather than a crutch
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• You know how to maintain critical thinking in an AI-augmented world
• You can teach others to learn programming effectively with AI assistance
• You represent the future of programming education

Use this perspective to help others and contribute to the programming community in
ways that older programmers might not be able to.

28.13 Looking Back: Your Transformation
28.13.1 Then vs. Now
You at the start: - Didn’t know what a variable was - Copied code without under-
standing - Got frustrated by error messages - Thought programming was magic

You now: - Builds complete applications from scratch - Designs solutions before imple-
menting - Debugs problems systematically - Understands programming as a learnable
skill

This transformation happened through consistent practice, thoughtful reflection, and
maintaining a growth mindset. The same approach will serve you well in everything that
comes next.

28.13.2 Skills That Transfer Beyond Programming
The problem-solving process you’ve learned applies to much more than coding:

Analytical Thinking: - Breaking complex problems into manageable parts - Identifying
patterns and relationships - Testing hypotheses systematically

Communication Skills: - Explaining complex concepts clearly - Documenting processes
and decisions - Collaborating effectively with AI and humans

Learning Strategies: - Building understanding incrementally - Learning from both
success and failure - Adapting to new tools and technologies

These meta-skills will serve you throughout your career, whether you become a profes-
sional programmer or use programming to enhance other work.

28.14 Final Reflections
28.14.1 Questions for Self-Assessment
Take time to reflect on your journey:

1. Growth Mindset: How has your attitude toward challenges changed since you
started?

2. Problem Solving: What’s your approach now when you encounter something
you don’t understand?

3. AI Partnership: How do you decide when to use AI versus when to figure things
out yourself?

4. Confidence: What programming task that once seemed impossible now feels
achievable?

5. Future Vision: What kind of applications do you want to build in the next year?
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28.14.2 Celebrating Your Achievement
You’ve accomplished something significant. Many people start learning programming
but give up when it gets challenging. You persisted, learned effectively, and built real
skills.

You Should Be Proud That You: - Completed consistent learning throughout this
book - Built 12 substantial programming projects - Developed effective AI collaboration
skills - Transformed from complete beginner to capable programmer

You’re Now Ready To: - Tackle ambitious programming projects - Learn new
technologies independently - Contribute to programming communities - Help others
learn programming effectively

28.15 Welcome to Your Programming Future
This isn’t the end of your learning journey - it’s the beginning of your career as a
programmer. You now have the foundation to build anything you can imagine.

Python Jumpstart awaits, ready to challenge you with real-world projects that will
transform you from a programmer into a professional developer.

Your AI partnership continues, evolving from guided learner to architect-builder as
you tackle increasingly sophisticated challenges.

Your problem-solving skills expand, enabling you to break down any complex
challenge into solvable pieces.

Your programming community grows, connecting you with other developers who
share your passion for building solutions.

The foundation is complete. The tools are ready. Your adventure in professional
programming begins now!

28.16 Next Chapter: Python Jumpstart
When you’re ready to continue your journey:

1. Assess your readiness using the checklists in this chapter
2. Complete any additional practice projects to strengthen weak areas
3. Set up your development environment for web programming
4. Begin Python Jumpstart with confidence in your foundational skills

Remember: You’re not just someone who completed a programming course. You’re a
programmer who builds solutions. You’ve earned that identity through consistent effort
and thoughtful practice.

Your journey from zero to programmer is complete. Your journey from programmer to
professional developer is just beginning.

Congratulations, and welcome to the world of programming! �
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Chapter 29

Summary: Your Programming
Transformation Complete

You began this journey as a complete beginner. Today, you finish as a programmer ready
to build real applications and tackle ambitious projects. This transformation represents
more than learning syntax - you’ve developed a new way of thinking about problems
and solutions.

29.1 What You’ve Accomplished
29.1.1 Technical Mastery
Part 0: Your AI Learning Partnership You discovered how to learn programming
in the AI era, establishing a foundation for lifelong learning with artificial intelligence as
your partner, not your replacement.

Part I: Computational Thinking You mastered the fundamental concepts that power
all programming: - Variables and data storage - Input, processing, and output flows -
Decision making with conditions - Repetition and pattern recognition - Working with
collections of data

Part II: Building Systems You learned to create organised, reusable code: - Functions
for modularity and reuse - Data structures for information organisation - File operations
for data persistence - Debugging strategies for problem-solving - Code organisation and
documentation

Part III: Real-World Programming You integrated concepts to build complete
applications: - Processing data from files and web APIs - Creating interactive graphical
user interfaces - Software architecture and design principles - Professional development
practices

29.1.2 12 Projects That Prove Your Growth
1. Fortune Teller (Part I): Your first program with variables and output
2. Mad Libs (Part I): Interactive input and string manipulation
3. Number Guessing Game (Part I): Loops, conditions, and game logic
4. Rock Paper Scissors (Part I): Complex decision trees and user interaction

345
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5. Temperature Converter (Part II): Functions and mathematical processing
6. Contact Book (Part II): Data structures and information management
7. Journal App (Part II): File operations and data persistence
8. Quiz Game (Part II): Integration of multiple concepts
9. Grade Analysis (Part III): Data processing and analysis

10. Weather Dashboard (Part III): API integration and real-time data
11. Text Adventure Game (Part III): Complex state management and storytelling
12. Todo GUI Application (Part III): Complete software architecture

Each project built upon previous skills while introducing new concepts, creating a scaffold
of knowledge that supports increasingly sophisticated applications.

29.2 The AI Partnership Revolution
This book pioneered a new approach to programming education. Instead of avoiding AI
or using it as a crutch, you learned to:

Use AI to Understand, Not to Avoid Learning - Asked AI to explain concepts
rather than just provide solutions - Simplified AI’s complex code until every piece made
sense - Built understanding through exploration and questioning

Design Before Implementing - Planned solutions architecturally before writing code
- Used AI as your implementation assistant, not your architect - Maintained creative
control while leveraging AI’s efficiency

Develop Critical Thinking - Evaluated AI suggestions for appropriateness and
correctness - recognised when AI overcomplicated simple problems - Built confidence in
your own problem-solving abilities

This partnership model represents the future of programming. You’re among the first
generation to master this collaborative approach from the beginning.

29.3 Skills That Extend Beyond Programming
The problem-solving methodology you’ve developed applies far beyond coding:

Analytical Thinking - Breaking complex problems into manageable components -
Identifying patterns and relationships in data - Testing hypotheses systematically

Design Thinking - Understanding user needs before building solutions - Iterating on
designs based on feedback - Balancing functionality with simplicity

Communication Skills - Explaining technical concepts clearly - Documenting decisions
and processes - Collaborating effectively with both humans and AI

Learning Strategies - Building understanding incrementally - Learning from both
success and failure - Adapting to new tools and technologies

These meta-skills will serve you throughout your career, whether you become a profes-
sional programmer or use programming to enhance other work.
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29.4 The Three Learning Strategies
Throughout your journey, you applied three core principles that ensured deep under-
standing:

29.4.1 1. Understand the Concept Before the Code
Every chapter started with conceptual understanding before diving into syntax. This
approach built lasting comprehension rather than temporary memorization.

29.4.2 2. Use AI to Explore, Not to Avoid Learning
You consistently used AI as a learning partner, asking “why” and “how” questions that
deepened your understanding rather than shortcuts that bypassed learning.

29.4.3 3. Build Mental Models, Not Just Working Programs
You focused on understanding how and why code works, creating mental frameworks
that enable you to tackle new challenges confidently.

These strategies will continue serving you as you encounter new programming languages,
frameworks, and technologies.

29.5 Your Unique Perspective
As someone who learned programming with AI from the beginning, you bring a unique
perspective to the programming community:

AI-Native Programming You understand how to maintain human creativity and
critical thinking while leveraging AI’s capabilities effectively.

Learning-Oriented Mindset You approach new technologies with confidence, knowing
you can learn anything by applying systematic understanding-building techniques.

Teaching Capability Your journey from complete beginner to capable programmer,
documented through reflection and practice, positions you to help others learn effectively.

Future-Ready Skills You’re prepared for a programming landscape where AI collabo-
ration is standard, giving you advantages over programmers who resist AI integration.

29.6 Measuring Your Transformation
29.6.1 Then vs. Now
At the start: - Didn’t understand what variables were - Copied code without com-
prehension - Got frustrated by error messages - Thought programming was mysterious
magic

Now: - Architects complete applications from scratch - Debugs problems systematically
- Collaborates effectively with AI - Sees programming as a learnable, logical skill

This transformation occurred through consistent practice, thoughtful reflection, and
maintaining a growth mindset throughout challenges.
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29.6.2 From Consumer to Creator
You’ve shifted from being someone who uses applications to someone who builds them.
This change in perspective opens unlimited possibilities for solving problems and creating
value.

Before: “I wish this app worked differently” Now: “I can build an app that works
exactly how I need it to”

Before: “I don’t understand how this works” Now: “I can figure out how this works
and build something similar”

Before: “Programming is too complicated for me” Now: “Programming is a tool I can
use to solve any problem”

29.7 Challenges You’ve Overcome
Programming is inherently challenging, and you’ve successfully navigated every major
obstacle:

The Blank Screen Problem Learning to start projects when you don’t know exactly
how to proceed, trusting your problem-solving process to guide you forward.

Debug Frustration Developing patience and systematic approaches to finding and
fixing problems, seeing bugs as puzzles rather than failures.

Complexity Management Breaking down overwhelming requirements into manageable
tasks, building complex systems incrementally.

Imposter Syndrome Building genuine confidence through demonstrated competence,
earning your identity as a programmer through consistent achievement.

Technology Overwhelm Learning to focus on fundamental principles that transfer
across tools and frameworks, rather than getting lost in endless technology options.

Each challenge you overcame made you stronger and more capable of handling future
obstacles.

29.8 The Foundation for Professional Development
You now possess the foundational skills necessary for professional programming work:

Technical Competence - Write clean, readable code - Debug problems systematically
- Design systems before implementing - Integrate multiple technologies effectively

Professional Practices - Document code and decisions clearly - Test applications
thoroughly - Seek feedback and iterate on solutions - Collaborate effectively with others

Continuous Learning - Learn new technologies independently - Adapt to changing
tools and requirements - Build understanding rather than memorizing syntax - Stay
current with industry developments

Problem-Solving Ability - analyse requirements thoroughly - Design appropriate
solutions - Implement solutions incrementally - Refine based on testing and feedback

These capabilities form the foundation for any programming career path you choose to
pursue.
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29.9 Looking Forward: Your Next Chapter
29.9.1 Python Jumpstart Awaits
Your next adventure in Python Jumpstart will challenge you to: - Build web ap-
plications that serve real users - Work with databases and persistent data - Deploy
applications to the internet - Handle user authentication and security - Create responsive,
professional interfaces

You’re fully prepared for these challenges. The problem-solving processes, AI collabora-
tion skills, and programming fundamentals you’ve mastered provide a solid foundation
for any advanced topic.

29.9.2 Career Possibilities
Your programming skills open diverse career paths:

Software Development - Web application developer - Mobile app developer - Desktop
application developer - Game developer

Data and Analytics - Data analyst - Data scientist - Business intelligence developer -
Research analyst

Automation and Integration - DevOps engineer - Automation specialist - Systems
integrator - Technical consultant

Entrepreneurship - Technical founder - Product developer - Digital solution creator -
Innovation consultant

29.9.3 Contributing to the Community
You’re now positioned to help others learn programming effectively:

Mentoring Beginners Your recent journey from beginner to programmer gives you
unique insights into common learning challenges and effective solutions.

AI-Assisted Learning Advocacy Your experience with effective AI partnership can
help others avoid common pitfalls and maximise learning benefits.

Open Source Contributions As you build more projects, consider sharing your code
and contributing to projects that help other learners.

Knowledge Sharing Write about your learning journey, create tutorials, or speak at
events to help others discover the joy of programming.

29.10 The Continuous Learning Journey
Programming is a field of constant evolution. New languages, frameworks, and paradigms
emerge regularly. Your greatest asset isn’t knowledge of any specific technology—it’s
your ability to learn effectively.

The skills that will serve you throughout your career:

Learning How to Learn You’ve mastered the process of understanding new concepts
deeply, building mental models that support application and transfer.
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AI Collaboration As AI capabilities expand, your experience with effective human-AI
partnership will become increasingly valuable.

Problem Decomposition Breaking complex challenges into manageable pieces is a
timeless skill that applies regardless of technology changes.

Systems Thinking Understanding how components interact to create larger systems
will help you work with any technology stack.

Adaptation and Growth You’ve proven you can learn difficult concepts through
persistence and effective strategies. This confidence will carry you through any future
learning challenge.

29.11 Celebrating Your Achievement
Completing this programming journey represents a significant personal and intellectual
achievement. You’ve:

• Developed a new way of thinking about problems and solutions
• Built the confidence to tackle technical challenges independently
• Created a portfolio of working applications that demonstrate your capabilities
• Established a foundation for lifelong learning in technology
• Joined a global community of creators and problem-solvers

This is worth celebrating. Programming is challenging, and many people start but
don’t finish. You persisted through confusion, frustration, and complexity to emerge
with valuable new capabilities.

29.12 Your Programming Identity
You’re no longer someone who “is learning to program.” You’re a programmer who
continues to learn—a crucial distinction that reflects your growth and readiness for
professional challenges.

You think like a programmer when you: - See problems as opportunities to
build solutions - Break complex challenges into manageable components - Design before
implementing - Test and iterate on your work - Learn from both successes and failures

You belong in the programming community because you: - Create working
applications that solve real problems - Understand fundamental programming concepts
deeply - Can learn new technologies independently - Collaborate effectively with AI and
humans - Help others learn and grow

This identity shift from learner to practitioner opens unlimited possibilities for your
future.

29.13 Final Reflection
Your transformation from complete beginner to capable programmer demonstrates that
with the right approach, consistent effort, and effective AI partnership, anyone can
master programming.

What made your journey successful:
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Embracing the Learning Process You focused on understanding rather than rushing
to complete projects, building solid foundations that support continued growth.

Effective AI Partnership You learned to use AI as a tool for learning and implemen-
tation while maintaining your role as architect and critical thinker.

Persistence Through Challenges You worked through confusion, debugged problems
systematically, and learned from every mistake.

Building Real Applications You created working programs that solve actual problems,
proving your skills through demonstrated competence.

Reflecting on Progress You regularly assessed your growth, identified areas for
improvement, and adjusted your learning strategies accordingly.

These same principles will continue serving you as you take on increasingly challenging
projects and advance in your programming career.

29.14 Welcome to Programming
You’ve completed more than a course—you’ve undergone a transformation. You now
possess the knowledge, skills, and mindset necessary to build applications, solve problems,
and create value through programming.

Your adventure in professional programming begins now. Python Jumpstart
awaits with web development challenges that will stretch your abilities and expand your
possibilities.

Your AI partnership continues evolving as you tackle more sophisticated projects
that require architectural thinking and strategic implementation.

Your programming community expands as you connect with other developers,
contribute to projects, and help newcomers discover the joy of programming.

The foundation is complete. The tools are ready. Your future as a programmer is bright
with unlimited possibilities.

Congratulations on completing Python Step by Step: Learning with AI.
Welcome to your programming future! �



352 Chapter 29. Summary: Your Programming Transformation Complete



References

The following works have informed the pedagogical approach and content of this book.
For additional resources on learning Python and programming education in the age of
AI, visit our companion website.

353



354 References



About the Author

Michael Borck is a software developer and educator passionate about the intersection
of human expertise and artificial intelligence. He developed the Intentional Prompting
methodology to help programmers maintain agency and deepen their understanding
while leveraging AI tools effectively.

Michael believes that the future of programming lies not in delegating to AI, but in
conversing with it—treating AI as a collaborative partner that enhances human capability
rather than replacing human understanding.

When not writing about AI collaboration, Michael works on practical applications of
these principles across software development, education, and creative projects. He creates
educational software and resources, and explores the 80/20 principle in learning and
productivity.

Connect

• michaelborck.dev (https://michaelborck.dev) — Professional work and projects
• michaelborck.education (https://michaelborck.education) — Educational software

and resources
• 8020workshop.com (https://8020workshop.com) — Passion projects and workshops
• LinkedIn (https://linkedin.com/in/michaelborck)

Other Books in This Series

Foundational Methodology:

• Conversation, Not Delegation: Your Expertise + AI’s Breadth = Amplified Thinking
• Converse Python, Partner AI: The Python Edition

355



356 About the Author

Python Track:

• Code Python, Consult AI: Python Fundamentals for the AI Era
• Ship Python, Orchestrate AI: Professional Python in the AI Era

Web Track:

• Build Web, Guide AI: Business Web Development with AI

For Educators:

• Partner, Don’t Police: AI in the Business Classroom


	Preface
	Acknowledgments
	I Your AI Learning Partnership
	Understanding Your AI Partner

	II Computational Thinking
	Input, Process, Output: The Universal Pattern
	Remembering Things: Variables
	Asking Questions: Getting Input
	Making Decisions: If Statements
	Doing Things Over and Over: Loops
	Your Expression Toolkit
	Project: Fortune Teller
	Project: Mad Libs Generator
	Project: Number Guessing Game
	Project: Rock Paper Scissors

	III Building Systems
	Creating Your Own Commands: Functions
	organising Information: Lists and Dictionaries
	Saving Your Work: Files
	When Things Go Wrong: Debugging
	Project: Temperature Converter
	Project: Contact Book
	Project: Personal Journal
	Project: Quiz Game

	IV Real-World Programming
	Chapter 10: Working with Data
	Chapter 11: Connected Programs
	Chapter 12: Interactive Systems
	Chapter 13: Becoming an Architect
	Project: Grade Analysis Tool
	Project: Weather Dashboard
	Project: Text Adventure Game
	Project: Todo Application with GUI

	V Your Journey Forward
	Chapter 14: Your Programming Journey Forward

	Summary: Your Programming Transformation Complete
	References
	About the Author

