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Course Overview

Welcome to the Android Development Masterclass. This course is
designed to take you from writing your very first line of code to
building complex, scalable mobile applications used by millions.

We do not teach outdated technology here. You will learn Modern
Android Development (MAD), focusing on the Kotlin programming
language and the Jetpack Compose Ul toolkit—the exact standards
top-tier tech companies require in 2025. By the end of this bootcamp,
you will be a software engineer with a portfolio of apps ready for the
job market.

What You Will Learn

. Languages: Kotlin (Core & Advanced)

. Ul Framework: Jetpack Compose (Material Design 3)

. Architecture: MVVM, Clean Architecture, Dependency
Injection (Hilt)

. Data: Room Database (SQL), DataStore, Retrofit (REST APIs)

. Cloud: Firebase (Auth, Firestore, Storage)

. Professional Tools: Git, GitHub, Android Studio, CI/CD
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Phase 1: The Foundation (Kotlin & Basic Ul)

Module 1: Environment Setup & Kotlin Basics

. Objective: You will set up your professional development
environment and write your first programs.
. Topics:

1.
2.

3.

7.

Installing Android Studio and setting up the JDK.
Understanding the IDE: Project Structure, Logcat, and
Gradle.

Kotlin Syntax: Variables (va1 vs var), Data Types, and
Type Inference.

4. Control Flow logic: if/else, when, and loops (forfwhile).
B.
6. The Billion Dollar Mistake: Understanding Null Safety (-,

Writing Functions: Parameters and Return types.

1,2,
Lab: Running your first "Hello World" app on an
Emulator and physical device.

Module 2: Advanced Logic & Object-Oriented Programming

. Objective: You will master the logic required to build complex
applications using OOP.
. Topics:

1.
2.
3.
4,
5. Functional Programming: Lambdas and Higher-Order

6.
7.

Classes, Objects, and Constructors.

Inheritance, Interfaces, and Abstract Classes.

Data Classes and Sealed Classes (Essential for State
Management).

Collections: Mastering Lists, Maps, and Sets.

Functions.

Scope Functions: 1et, run, apply, also.

Lab: Building a Command Line Interface (CLI) Banking
Application.

Module 3: UI Fundamentals with Jetpack Compose

* Africa
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. Objective: You will learn to build modern user interfaces
declaratively, without using XML.
. Topics:

1.
2.
3.

7.

Thinking in Compose: The ecomposabie annotation.
Layouts: Column, Row, Box, and Modifiers.

Material Design 3 Components: Text, Buttons, Cards, and
Images.

4, Managing State: remember and mutableStateof.
B.
6. Lists: Implementing r.azycolumn and razyrow (Recycler

State Hoisting and Unidirectional Data Flow.

Views).
Scaffolds: TopBars, Floating Action Buttons, and
Snackbars.

PROJECT 1: The Interactive Portfolio Description: You will
build a personal digital business card app. Features: A polished Ul
displaying your bio, skills, and clickable contact buttons that launch
phone calls or emails.

Phase 2: Architecture & Data Persistence

Module 4: Navigation & Complex State

. Objective: You will learn how to create multi-screen
applications that feel fluid and responsive.
. Topics:

Sk whE

Setting up the Jetpack Navigation Compose library.
Defining Routes and the navHost.

Passing data (arguments) between screens.

Bottom Navigation Bars and Drawer Menus.

Handling "Side Effects" in Compose (LaunchedEffect).
Introduction to ViewModels: Keeping data alive during
screen rotations.

Dependency Injection basics.
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Module 5: Local Database (Room Storage)

. Objective: You will learn how to save user data permanently on
the device (Offline Capability).

. Topics:
1. SQL Fundamentals and Relational Database concepts.
2. Room Entities, DAOs, and the Database class.
3. Type Converters for complex objects.
4. Introduction to Coroutines: suspend functions and Threads.
5. Kotlin Flow: Reacting to database changes in real-time.
6. Repository Pattern: Cleaning up your data handling.
7. Database Migrations.

Module 6: Professional Architecture (MVVM & Clean)

. Objective: You will learn to write code that is scalable, testable,
and maintainable—standard for large teams.
. Topics:

No ko

Separation of Concerns principle.

The Ul Layer (Composables & State Holders).

The Domain Layer (Use Cases).

The Data Layer (Repositories & Data Sources).
Implementing Hilt (Dagger) for Dependency Injection.
Organizing your project structure by Feature.
Refactoring legacy code.

PROJECT 2: TaskMaster Pro Description: A productivity app
using full MVVM Architecture. Features: Users can Create, Read,
Update, and Delete (CRUD) tasks. Data persists offline using Room.
Includes priority filtering and search.
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Phase 3: The Connected World

Module 7: Networking & APIs (Retrofit)

. Objective: You will connect your app to the internet to fetch
and display real-world data.

. Topics:

Understanding REST APIs: GET, POST, PUT, DELETE.

JSON Parsing with Kotlin Serialization.

Setting up Retrofit and OkHttp clients.

Handling Network Errors (Result Wrappers).

Loading remote images using Coil or Glide.

Pagination: Handling infinite scrolling lists.

Connectivity Manager: Handling "No Internet" states.

NoabkhowdE

Module 8: Background Work & Permissions

. Objective: You will learn to perform heavy tasks without
freezing the user interface.
. Topics:
1. Advanced Coroutines: Scopes, Jobs, and Exception
Handling.
2. StateFlow vs. SharedFlow.
3. WorkManager: Scheduling deferred tasks (e.qg., daily
backups).
4. Foreground Services: Music players and location tracking.
5. Broadcast Receivers: Reacting to system events (e.g.,
Battery Low).
6. Runtime Permissions: Requesting Camera and Location
access.
7. Notifications: Push vs. Local notifications.

Module 9: Advanced UI/UX & Animations

. Objective: You will polish your apps to look like top-tier
commercial products.
. Topics:
1. Theming: Implementing Dark Mode and Dynamic Color.
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Typography and Custom Fonts.

Animations: animate*asstate and AnimatedvVisibility.
Shared Element Transitions between screens.

Canvas: Drawing custom shapes and charts.
ConstraintLayout in Compose.

Accessibility: Making apps usable for everyone
(TalkBack).

PROJECT 3: CryptoTracker Live Description: A financial
tracking application. Features: Fetches live cryptocurrency prices via
API, displays graphical charts, allows users to "Favorite™ coins, and
supports Dark Mode.

Phase 4: Production & Career

Module 10: Backend Integration (Firebase)

. Objective: You will add server-side features without needing a
backend engineer.
. Topics:

1.

5.

6.
7.

Firebase Console setup and Google Services.

2. Authentication: Email/Password and Google Sign-In.
3.
4. Firebase Storage: Uploading and retrieving user

Cloud Firestore: Storing data in the cloud (NoSQL).

files/images.

Cloud Messaging (FCM): Sending Push Notifications to
users.

Crashlytics: Monitoring app crashes in production.
Remote Config: Updating app features instantly.

Module 11: Testing & Optimization

. Objective: You will learn how to ship bug-free code and
optimize app performance.
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. Topics:

No ko

Unit Testing with JUnit and MockK.

Ul Testing with Compose Test Rule.

Debugging Tools: Breakpoints and Layout Inspector.
Network Profiler: Analyzing API usage.

Memory Leaks: Detection using LeakCanary.

App Startup Optimization.

Lint checks and Code Quality standards.

Module 12: Publishing & Career Prep

. Objective: You will publish your app to the Play Store and
prepare for job interviews.
. Topics:

1.

App Signing, Versioning, and ProGuard/R8 obfuscation.

2. Google Play Console: Internal, Alpha, and Beta tracks.
3.
4. GitHub Profile Optimization: Writing professional

Store Listing: Creating screenshots and descriptions.

ReadMe files.
Technical Interview Prep: Android System Design
questions.

. Whiteboard Coding: Common algorithms in Kotlin,
. Resume Review: Positioning yourself as a Junior/Mid-

level Engineer.
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The Capstone Project: "UrbanFix"

To graduate from this bootcamp, you must complete the final
Capstone Project. This is a full-stack application that mimics a real-
world gig economy platform (like Uber for Services).

Project Requirements:

. Authentication: Custom Login/Signup with Firebase.

. User Roles: Separate Uls for "Service Providers" and
"Customers."

. Maps: Google Maps integration to show service locations.

. Real-time Database: Live updates on job status (Pending,
Accepted, Completed).

. Architecture: Strict Clean Architecture (Data -> Domain ->
Presentation).

. Testing: Minimum 50% Unit Test coverage.

Tools Required

. A laptop (Windows, Mac, or Linux) with at least 83GB RAM
(16GB recommended).

. Android Studio (Latest Stable Version).

- An Android Device (Optional, but recommended for testing).
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Module 1: Environment Setup & Kotlin

Basics

Learning Objectives

By the end of this module, you will master the following:

Setup: Successfully install Android Studio and the Java
Development Kit (JDK).

The IDE: Navigate the Project Structure, understand Gradle,
and use Logcat for debugging.

Storage: Master Kotlin variables (va1 vs var) and Type
Inference.

Logic: Control application flow using i £, when, and loops.
Functions: Create reusable blocks of code with parameters and
return types.

Safety: Eliminate null pointer exceptions using Kotlin's Null
Safety features.

Lab: Deploy your first application to a device.

1. Installing Android Studio and Setting up the JDK

The Concept: To build Android apps, you need a specific set of
tools. The primary tool is the IDE (Integrated Development
Environment) called Android Studio. It is built by Google and
JetBrains.

The "JDK" (Java Development Kit): Even though we write in
Kotlin, Android runs on the "Java Virtual Machine" (JVM). The JDK
provides the libraries needed to translate your code into something the
Android phone understands.

Installation Steps:
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1. Download: Go to developer.android.com/studio and download
the latest stable version.

2. Install: Run the installer. Keep all default settings checked
(Android SDK, Android Virtual Device).

3. The SDK Manager: During the first run, Android Studio will
ask to download the "SDK Components." These are the actual
platforms (e.g., Android 14, Android 15). Always download the
latest version.

2. Understanding the IDE: Project Structure,
Logcat, and Gradle

A. Project Structure (The File System)

When you open a project, the left pane shows your files. You will
mostly work in the "Android" view:

. Mmanifests: Contains androidManifest.xml. This is the ID card
of your app (app name, icon, and permissions).

. Jjava (or kotlin): This is where your code logic lives (e.g.,
MainActivity.kt).

. res (Resources): Contains images (drawable), layouts (1ayout),
and text strings (values).

B. Logcat (The Monitor)

Logcat is your window into the brain of the device. It shows system
messages.

. If your app crashes, the error appears here in RED.
. You use it to print debug messages to yourself to check if code
IS working.

C. Gradle (The Builder) Gradle is an automated build system. It is
the "General Contractor.” You don't compile code manually; Gradle
does it for you.
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. build.gradle (Module: app):. INis iSthe most important file. It
lists your dependencies (libraries) and the Android version you
are targeting.

3. Kotlin Syntax: Variables, Data Types, and Type
Inference

A. Variables: va1 vs var In Kotlin, we distinguish between read-only
and mutable variables.

. wval (Value): Use this for data that does not change
(Immutable). It is like a sealed box.
o Example: A User ID, Pi (3.14).
. var (Variable): Use this for data that will change (Mutable). It
is like an open box.
o Example: A user's current score, a counter.

B. Data Types & Type Inference Kotlin is smart. It uses "Type
Inference" to guess the data type based on the value you assign.

Kotlin
// Explicit Declaration (The 0ld Way)
val name: String = "John"

// Type Inference (The Kotlin Way)

val name = "John" // Kotlin knows this is a String
val age = 25 // Kotlin knows this is an Int

val price = 19.99 // Kotlin knows this is a Double
val i1sOnline = true // Kotlin knows this is a Boolean

4. Control Flow Logic: if/else, when, and loops

A. If/Else Expressions In Kotlin, it is an expression, meaning it can
return a value.

Kotlin

val examScore = 85

// We can assign the result of the 'if' directly to a variable
val result = if (examScore > 50) "Pass" else "Fail"
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B. When Expression The when Statement is a more powerful version
of the "switch" statement found in other languages.

Kotlin

val trafficLight = "Red"

when (trafficLight) {
"Green" -> println("Go")
"Yellow" -> println("Slow Down")
"Red" -> println("Stop")
else -> println("Invalid Color")

}

C. Loops (For/While) Used to repeat actions. The for loop is most
common.

Kotlin

// A range from 1 to 5

for (1 in 1..5) {
println ("Count: $i")

}

// Looping through a list
val users = 1listOf ("Alice", "Bob", "Charlie")
for (user in users) {

println ("Hello, Suser")

}

5. Writing Functions: Parameters and Return Types

Functions are reusable blocks of code. They follow this structure:

fun Name (parameters): ReturnType { body }
Example: A function that calculates the area of a rectangle.

Kotlin

// 1. '"fun' keyword starts the function
// 2. 'width' and 'height' are input parameters (Integers)
// 3. ': Int' means this function will give back (return) an
Integer
fun calculateArea (width: Int, height: Int): Int {

return width * height
}

fun main () {
val area = calculateArea (10, 5)
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println ("The area is $area") // Prints: The area is 50

6. The Billion Dollar Mistake: Understanding Null
Safety

The Problem: In many languages (like Java), if a variable has no
value (null) and you try to use it, the app crashes. This is called a
"NullPointerException."

The Kotlin Solution: Kotlin forces you to declare if a variable is
allowed to be empty.

A. Nullable Types (2)

« string = Can NEVER be null.
« string? = Can be text OR null.

Kotlin

var nonNullableName: String = "John"
// nonNullableName = null <-- COMPILER ERROR! This is not
allowed.

var nullableName: String? = "John"
nullableName = null // This 1is allowed because of the '?'

B. Safe Call (=.) If you have a nullable variable, you must treat it
safely.

Kotlin

// "If nullableName is not null, give me the length. If it IS
null, return null."

val length = nullableName?.length

C. Elvis Operator (=:) Used to provide a default value if something
is null.

Kotlin
// "Use the name, but if it 1is null, use 'Guest' instead."
val displayName = nullableName ?: "Guest"
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D. The Assertion Operator (1)

. Warning: This forces a nullable variable to be treated as non-
null. If it is actually null, the app WILL CRASH.
. Advice: Avoid using ! unless absolutely necessary.

7. Lab: Running your first ""Hello World" app
Objective: Get an app running on a screen.
Step 1: Create the Project

1. Open Android Studio -> New Project.

2. Select "Empty Activity" (Make sure the icon shows the
Compose logo if using Compose, or standard if using XML,
though Compose is recommended for this course).

Name: "HelloAndroid".

Language: Kotlin.

Build Configuration: Kotlin DSL.

Click Finish.

ook ow

Step 2: The Virtual Device (Emulator)

1. Click the "Device Manager" icon (looks like a phone) in the top
right.

2. Click Create Device.

3. Choose a phone (e.g., Pixel 7).

4. Download a System Image (e.g., Android 14 /
UpsideDownCake).

5. Finish.

Step 3: Run It

1. Look for the green Play triangle in the top toolbar.

2. Ensure your new Emulator is selected in the dropdown menu.

3. Click Play.

4. Wait for Gradle to build. The emulator will pop up, and you
should see "Hello Android!" on the screen.
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Step 4 (Optional): Physical Device

1. On your real phone, go to Settings -> About Phone.

2. Tap Build Number 7 times to enable "Developer Options."

3. Go to System -> Developer Options -> Enable USB Debugging.
4. Plug phone into PC.

5. Click Play in Android Studio (Select your physical phone).

Module 1 Summary

You have now set up the "Workshop" (Android Studio) and learned
the basics of the "Tool" (Kotlin). You understand that va1 is safe and
var 1S mutable. You know how to control the flow of logic and, most
importantly, you know how to handle nu11 values safely to prevent
crashes. You are ready to move to Module 2.
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Module 2: Advanced Logic & Object-
Oriented Programming

Learning Objectives
By the end of this module, you will master the following:

. OOP Core: Build custom blueprints using Classes, Objects, and
Constructors.

. Architecture: Create scalable hierarchies using Inheritance and
Interfaces.

. State Management: Model complex data states using Data and
Sealed Classes.

. Data Handling: manipulate groups of data using Collections
(Lists, Maps, Sets).

. Modern Logic: Write concise, reactive code using Lambdas.

. Clean Code: Use Scope functions to make your code readable.

. Lab: Build a fully functional Banking CLI.

The ""Why'': Why This Matters

In Module 1, we wrote simple, top-to-bottom scripts. That works for a
calculator, but not for complex apps like "Uber" or "Instagram."

To manage complexity, we use Object-Oriented Programming
(OOP). OORP lets us break a massive problem down into small, self-
contained "objects" that talk to each other.

Furthermore, modern Android Development (Jetpack Compose) relies
heavily on Functional Programming. You cannot build modern Uls
without understanding "Lambdas" and "Higher-Order Functions."
This module is the bridge between basic coding and professional
engineering.

m‘ Tech WWW.gotechafrica.com

* Africa



Detailed Theory & Syntax

1. Classes, Objects, and Constructors

ELI5: Think of a Class as a House Blueprint. It describes the house
(walls, roof), but you can't live in a blueprint. Think of an Object as
the actual House built from that blueprint. You can build 50 identical
houses (Objects) from one blueprint (Class).

The Syntax:

. Properties: Variables inside the class (the data).

. Methods: Functions inside the class (the actions).

. Constructor: The setup instructions that run the moment you
build the object.

2. Inheritance, Interfaces, and Abstract Classes

ELIS:

. Inheritance: A "Lion" is a "Cat." It inherits generic cat traits
(whiskers, tail) so you don't have to reinvent them, but it adds
specific traits (roar).

. Abstract Class: A blueprint that is half-finished. You cannot
build a house from it until you finish the details (inherit from it).

. Interface: A Job Contract. If a class signs the "Driver"
contract, it must have a arive () function. The contract doesn't
care how it drives, just that it does.

3. Data Classes and Sealed Classes (Essential for State
Management)

A. Data Classes: Specialized classes designed only to hold data.
Kotlin automatically writes the code to print them (tostring) and
copy them (copy). We use these for models (e.g., a user profile).
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B. Sealed Classes:

A restricted hierarchy. It’s like a dropdown menu. If a variable is type
NetworkState, it can only be Loading, Success, OF Error. It cannot be
anything else. This is critical for modern Android Ul state.

4. Collections: Mastering Lists, Maps, and Sets

. List: An ordered list. Can contain duplicates. (Index 0, 1, 2).

. Set: A collection of Unique items. No duplicates allowed.

. Map: Key-Value pairs. Like a dictionary (Look up "Apple" ->
Get definition).

Key Concept: In Kotlin, collections are read-only (zist) by default.
You must explicitly ask for a mutabiernist if you want to add/remove
items.

5. Functional Programming: Lambdas and Higher-Order
Functions

ELI5: A Lambda is a function without a name. Imagine writing
instructions on a sticky note and handing it to someone to execute
later. That sticky note is a lambda. A Higher-Order Function is a
function that accepts another function as a parameter (e.g., "Do this
action 5 times").

6. Scope Functions: let, run, apply, also
These are shortcuts to make code cleaner.

. apply: "Apply these settings to the object.” (Great for setting up
an object).

« 1let: "Let's do something with this object (usually checking if it's
not null)."”
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Code Examples
A. Inheritance & Constructors

Kotlin

// 1. The Blueprint (Class)

// 'open' allows other classes to inherit from this
open class Animal (val name: String) {

// 2. A Method (Action)
open fun makeSound() {
println ("$name makes a generic sound")
}
}

// 3. Inheritance
// Dog inherits from Animal
class Dog(name: String, val breed: String) : Animal (name) {

// 4. Override: Changing the parent's behavior
override fun makeSound() {

println ("Woof! I am a Sbreed.")
}

B. Sealed Classes & State

Kotlin
// Defining the specific states a screen can be in
sealed class UlIState {
object Loading : UIState()
data class Success(val data: String) : UIState()
data class Error (val message: String) : UIState()

}

fun handleState(state: UIState) {
// 'when' works perfectly here because Kotlin knows all
possible options
when (state) {
is UIState.Loading -> println("Show Spinner...")
is UIState.Success -> println("Show Data:
S{state.data}l")
is UIState.Error -> println("Show Error:
${state.message}")
}
}
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C. Collections & Lambdas

Kotlin

fun main () {
val numbers = 1listOf (1, 2, 3, 4, 5)

// Using a Lambda { } to filter
// "it" refers to the current number being checked
val evenNumbers = numbers.filter { it % 2 == 0 }

// Using 'map' to transform data
val doubled = evenNumbers.map { it * 2 }

println (doubled) // Output: [4, 8]

Common Pitfalls: Where Beginners Get Stuck

1. val VS MutableList

. Confusion: "If I declare va1 1ist, why can | add items to it?"

. Explanation: va1 means you cannot replace the List Object
itself. But if the list is a mutab1erist, you CAN change the
contents inside it.

2. Interface vs Abstract Class

. Confusion: "They look the same."

. Clarification: A class can implement multiple Interfaces, but
can only inherit from one Abstract Class. Use Interfaces for
capabilities (e.g., brivable, Flyable). Use Abstract Classes for
strict relationships (e.9., car IS a vehicle).

3. The it keyword

. Confusion: "Where did it come from in the lambda?"
. Explanation: If a lambda has only one parameter, Kotlin
implicitly names it it. You can rename it if you want:

Q

numbers.filter { number -> number % 2 == 0 }.
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7. Lab: Building a Command Line Interface (CLI)
Banking Application

Objective: Combine Classes, Inheritance, and Logic to build a
banking system.

Step 1: The Parent Class Create an abstract class sankaccount.

. It should have accountName (String) and balance (DOUblE).
. It should have a function deposit (amount: Double).
« It should have an abstract function withdraw (amount: Double).

Step 2: The Child Classes

. Create savingsAccount! Withdrawal is only allowed if palance >
amount.

« Create checkingaccount: Withdrawal is allowed even if funds
are low (Overdraft up to -$100).

Step 3: The Main Function Inmain (), create a list of accounts. Loop
through them and try to withdraw money.

Solution Snippet:

abstract class BankAccount (val name: String, var balance:
Double) {
fun deposit (amount: Double) ({
balance += amount
println ("Sname deposited $Samount. New Balance:
SSbalance™)
}

abstract fun withdraw (amount: Double)

}

class SavingsAccount (name: String, balance: Double)
BankAccount (name, balance) {
override fun withdraw (amount: Double) {
if (balance >= amount) {

balance -= amount
println ("Success. Remaining: $$balance")
} else {

println("Failed. Insufficient funds.")

}
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Summary

You have now mastered the structure of professional coding. You can
model real-world concepts using Classes, enforce rules using
Interfaces, and handle data states using Sealed Classes. You also
learned to manipulate data efficiently using Collections and
Lambdas. These skills are the prerequisites for the next Module,
where we begin building User Interfaces.
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Module 3: UI Fundamentals with Jetpack

Compose

Learning Objectives

By the end of this module, you will master the following:

The Mindset: Understand the shift from "Imperative" (XML) to
"Declarative" (Compose) Ul.

Structure: Build complex screens using row, column, and sox.
Styling: Master mModifiers t0 shape, size, and decorate elements.
Interactivity: Handle user clicks and input using state.
Performance: Render massive lists efficiently using
LazyColumn.

Architecture: Structure your Ul data flow using "State
Hoisting."

Project: Build and deploy a personal "Digital Business Card"
app.

The ""Why"': Why This Matters

For 10 years, Android developers used XML to build screens. It was
separate from the Java/Kotlin code, verbose, and difficult to manage.

Jetpack Compose changes everything. It is a Declarative Ul
Toolkit. Instead of saying, "Find the TextView, then change its text to
'‘Hello', then change its color to Red," you simply say: "Draw a Red
Text with 'Hello"."

If the data changes, the Ul automatically redraws itself. This is the
industry standard for 2025.
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Detailed Theory & Syntax

1. Thinking in Compose: The @Composable annotation

ELI5 (The Analogy):

. Old Way (XML): Like a painting. If you want to change the
sky from blue to red, you have to scrape off the paint and repaint
it manually.

. Compose: Like a high-tech projector. You just change the slide
(the data), and the projector instantly shows the new image on
the wall. You don't "update" the Ul; you just describe what it
should look like based on the current data.

The Syntax: In Compose, Ul elements are just Functions marked
with @Composable.

Kotlin

@Composable

fun Greeting(name: String) {
Text (text = "Hello S$name!")

}
2. Layouts: Column, Row, Box, and Modifiers
ELI5: Imagine you are packing a suitcase.

. Column: You stack shirts on top of each other (Vertical).

- Row: You line up shoes side-by-side (Horizontal).

. Box: You put a sticker on top of the suitcase. (Z-Index /
Stacking).

Modifiers: These are the "adjectives" of your Ul. They tell the
element how to look or behave (e.g., padding, background, clickable).

« Crucial Rule: The Order of modifiers matters! Padding applied
before a background color behaves differently than padding
applied after.
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3. Material Design 3 Components

Google provides a library of pre-built components that look
professional out of the box.

. Text: Displays strings.

. Button: A clickable rectangle with a ripple effect.

. Card: A container with a shadow/elevation and rounded
corners.

. Image: Displays a drawable or bitmap.

4. Managing State: remember and mutableStateOf

The Problem: Compose functions "redraw" (Recompose) every time
data changes. The "Amnesia' Issue: When a function redraws, it
forgets everything inside it. If you typed into a text box, the redraw
wipes it out.

The Solution:

. mutablestateof: A variable that watches for changes. If it
changes, it triggers a redraw.

. remember: Tells Compose, "Keep this value in memory even if
you redraw the screen."

5. State Hoisting and Unidirectional Data Flow

ELI5: Imagine a water fountain. Water (Data) flows Down. Events
(Buttons being pressed) bubble Up.

. Hoisting: Instead of a button managing its own "clicked" state,
the parent screen manages it and passes the state down to the
button. This makes the button "dumb" and reusable.

6. Lists: Implementing LazyColumn and LazyRow

The "Recycler' Concept: If you have a list of 10,000 contacts, you
cannot draw them all at once. Your phone runs out of memory.

. column: Draws everything at once. (Bad for long lists).
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« LazyColumn: Only draws what is currently visible on the screen.
As you scroll, it "recycles" the views that go off-screen.

7. Scaffolds: TopBars, Floating Action Buttons, and Snackbars

Concept: A scarfold is a pre-built layout structure that follows
Material Design guidelines. It gives you slots to easily plug in:

. TopBar: The title bar at the top.
. FAB: The circular button in the bottom right.
. Snackbar: Little popup messages at the bottom.

Code Examples

A. Basic Layouts & Modifiers

Kotlin
@Composable
fun ProfileCard() {
// A Row places items side-by-side
Row (
modifier = Modifier
.padding (16.dp) // Add space outside
.background (Color.LightGray) // Color the
background
.padding (8.dp) // Add space inside (between bg and
content)
) A
// Image Slot
Icon(Icons.Default.Person, contentDescription = null)

// Spacer puts a gap between elements
Spacer (modifier = Modifier.width(8.dp))

// A Column stacks text vertically

Column {
Text (text = "Jane Doe", fontWeight =
FontWeight.Bold)
Text (text = "Android Developer", color =
Color.Gray)

}
}
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B. State Management (The Counter App)

Kotlin

@Composable
fun Counter () {

// 'remember' keeps the count safe during redraws

// 'mutableStateOf' tells Compose to redraw when this
value changes

var count by remember { mutableStateOf (0) }

Column (horizontalAlignment = Alignment.CenterHorizontally)

{

Text (text = "You clicked Scount times", fontSize =
24 .sp)

Button (onClick = { count++ }) {
Text ("Click Me")
}

}

C. LazyColumn (The List)

Kotlin
@Composable
fun ContactList () {
val names = listOf ("Alice", "Bob", "Charlie", "Dave",
"Eve")

// LazyColumn is efficient for long lists
LazyColumn {
items (names) { name ->
Text (
text = name,
modifier = Modifier
.fillMaxWidth ()
.padding (16.dp)
)

Divider () // Adds a line between items
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Common Pitfalls: Where Beginners Get Stuck
1. Forgetting remember

. Error: You create a variable var text = ». When the user
types, the screen redraws, and text resets to .

. Fix: Always US€ var text by remember { mutableStateOf ("")
}.

2. Modifier Order

. Confusion: "Why is my click ripple outside the padding?"
 Rule: Modifiers apply in sequence. padding (10.dp) .clickable
{ } makes the padding clickable. c1ickable {
} .padding (10.dp) mMakes only the content clickable, not the
padding.

3. Using Column INSide LazyColumn

. Crash: "VerticalScroll cannot be nested."
. Fix: Never put a scrollable list inside another scrollable list with
the same direction unless you know exactly what you are doing.

Practical Exercise: ""The Bio Card"
Task: Create a screen that displays your photo and a short bio.
Steps:

Create a new Compose Activity.

Use a co1umn to stack items vertically.

Add an mmage (use a placeholder resource).

Add a rext for your Name (make it Bold and Large).

Add a rext for your Bio.

Add a rutton that says "Contact Me".

Challenge: Make the "Contact Me" button change color when
clicked (requires State).
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PROJECT 1: The Interactive Portfolio

Goal: You will build a professional "Digital Business Card" app to
showcase on your LinkedIn.

Requirements:

1. Layout: Use a card centered on the screen using sox.
2. Profile: Display a circular profile picture (use
Modifier.clip (CircleShape)).

3. Content:
o Name (Headline text).
o Title (e.g., "Android Developer").
o List of Skills (e.g., Kotlin, Compose, Ul Design).
4. Interactivity:
o Add a "Show Portfolio" button.
o When clicked, the card should expand (animate) to reveal
a list of projects (use rLazycolumn).
5. Styling: Use custom colors and fonts to make it look personal.

Deliverable: A functional APK installed on your phone or emulator.

Summary

You have officially left the world of text-based coding and entered the
world of Visual Engineering. You learned how to think in
Composable Functions, how to structure layouts with Rows and
Columns, and how to breathe life into apps using State.

These components are the "Lego bricks" of Android. In the next
module, we will learn how to make these screens navigate from one to
another.
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Module 4: Navigation & Complex State

Learning Objectives
By the end of this module, you will master the following:

. The Framework: Implement the Jetpack Navigation
Component to manage screen flow.

. Routing: Define URL-like routes to map specific screens to
navigation events.

. Data Transport: Pass arguments (Strings, IDs, Booleans)
between screens safely.

. Ul Structure: Integrate navigation with global Ul elements like
Bottom Bars and Drawer Menus.

. Lifecycle: Handle non-Ul logic (Side Effects) using
LaunchedEffect.

. Architecture: Separate logic from Ul using ViewModels to
survive screen rotations.

. Dependency Injection: Understand the core principle of
"Inversion of Control."

The "Why"': Why This Matters

In Module 3, you built beautiful screens, but they were isolated
islands. A real app involves moving between these islands.

The Old Way (Activities): Historically, every screen in Android was
a separate "Activity." Moving between them was heavy and
consumed a lot of memory.

The New Way (Single Activity Architecture): Modern apps use one
Activity (the container) and swap out the screens (Composables)
inside it. This is faster, smoother, and allows for better animations. To
manage this "swapping," we use the Jetpack Navigation
Component. It acts like a Traffic Controller, telling the app which
screen to show next.
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Detailed Theory & Syntax
1. Jetpack Navigation: The Big Three
ELI5 (The Analogy): Imagine a Taxi Service.

1. NavHost (The Roads): This is the area on your screen where
the destination changes.

2. NavController (The Driver): The object that actually drives
the car. You tell it "Go to Settings," and it takes you there.

3. NavGraph (The Map): A list of all valid destinations (Home,
Profile, Settings) and how to get there.

The Syntax: We define our screens using Routes. A route is just a
String, exactly like a website URL (e.g., "home", "profile",

"settings/user_id").

2. Passing Data (Arguments)

The Concept: Often, you need to tell the next screen what to display.
If you click a specific product, the next screen needs to know which
product ID to load. We handle this exactly like a web URL.:

"details screen/{productId}".

3. Bottom Navigation & Scaffolds

Integration: Navigation often lives inside a scaffo1d. The BottomBar
stays fixed at the bottom, while the naviost (the changing content)
sits in the middle. We link the buttons in the BottomBar to the
NavController SO clicking a tab triggers a navigation event.

4, Handling Side Effects (LaunchedEffect)

Africa
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The Problem: Composables are "pure" functions. They run
constantly to draw the Ul. If you put a network call or a Timer inside
a Composable, it might restart 100 times a second.

The Solution: Launchedeffect IS a safe zone. Code inside it runs only
once when the Composable enters the screen.

. Use Case: Starting a timer, showing a Snackbar, or checking if a
user is logged in.

5. ViewModels: The Brain of the Screen

The ""Rotation" Problem: When you rotate your phone, Android
destroys the Activity and rebuilds it to fit the new width. If your data
Is stored in a simple variable inside the Composable, that data is lost.

The Solution: The ViewModel is a class designed to store and
manage Ul-related data in a lifecycle-conscious way. It allows data to
survive configuration changes (like screen rotations). The Ul
(Composable) just observes the ViewModel.

6. Dependency Injection (DI) Basics
ELIS:

. Without DI: A Carpenter builds their own hammer before they
start working. (Inefficient, hard to test).

. With DI: You hand the Carpenter a hammer when they show up
to work. (Efficient, flexible).

In code, instead of a ViewModel creating its own Database, we
"Inject" the Database into the ViewModel. This makes testing much
easier later.

Africa
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Code Examples

A. Basic Navigation Setup

Kotlin
// 1. Create the NavController
val navController = rememberNavController ()

// 2. Define the Host (The map of your app)
NavHost (navController = navController, startDestination =
"home ") {

// Screen 1l: Home

composable ("home™) {
HomeScreen (
onNavigateToProfile = {

// Trigger navigation
navController.navigate ("profile™")

}

// Screen 2: Profile
composable ("profile") {
ProfileScreen ()

}

B. Passing Arguments (Data)

Kotlin

NavHost (navController = navController, startDestination =
"liSt") {

// Screen A: The List
composable ("list") {
ListScreen(onlItemClick = { itemId ->
// Pass the ID in the URL
navController.navigate ("details/S$itemId")
})
}

// Screen B: The Details
// We must explicitly tell Compose to expect an argument
named "id"
composable (
route = "details/{id}",
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arguments = 1istOf (navArgument ("id") { type =
NavType.IntType })
) { backStackEntry ->
// Extract the argument
val id = backStackEntry.arguments?.getInt ("id")
DetailScreen (userId = id)

C. The ViewModel Structure

Kotlin
// The ViewModel holds the data
class CounterViewModel : ViewModel () {

// Private mutable state (only ViewModel can change it)
private val count = mutableStateOf (0)

// Public immutable state (UI can only read it)
val count: State<Int> = count

fun increment () {
_count.value++
}
}

// The UI observes the ViewModel
@Composable
fun CounterScreen (viewModel: CounterViewModel = viewModel ()) {
Column {
// Accessing the state via the ViewModel
Text (text = "Count: ${viewModel.count.value}")

// Calling logic on the ViewModel

Button (onClick = { viewModel.increment () }) {
Text ("Add")

}
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Common Pitfalls: Where Beginners Get Stuck

1. Navigating inside a Loop

Error: Placing navController.navigate () direCtIy inside the
Composable body.

Result: Infinite loop. The app navigates, rebuilds, sees the
navigate command again, and navigates again.

Fix: Always Navigate inside a sutton onclick (callback) ora
LaunchedEffect.

2. ViewModel Recreation

Error: val viewModel = MyViewModel ()

Result: Every time the screen redraws, a new ViewModel is
created, and your data resets.

Fix: Use the delegated property: val viewModel: MyViewModel =
viewModel (). This ensures Android gives you the existing
instance.

3. Hardcoded Strings

Error: Maps ("profile") in one file and composable ("Profile")
in another (capitalization mismatch).

Fix: Create a separate object file called screenroutes to hold
these strings constant.

Practical Exercise: ""The Color Picker""

Task: Create a two-screen app.

1.

2.

Screen 1 (Home): Has three buttons: "Red", "Blue", and
"Green",

Screen 2 (Detail): Displays a full-screen Box in the color
chosen.

%‘. Zefcr'ilca WWW.gotechafrica.com



Steps:

1. Set up a Naviost in your MainActivity.

2. Create route "detail/{colorCode}™".

3. On the Home screen, clicking Red should call
navController.navigate ("detail/FF0000").

4. On the Detail screen, extract the color code argument and parse
it to color the Box.

Summary

You have now transformed your static Ul into a flowing application.

You learned how to use the NavController to drive between screens,
how to use Arguments to pass data, and how to use ViewModels to

protect your data from screen rotations.

In the next module, we will give your app a "Long Term Memory" by
learning how to save data to a database so it persists even when the
app is closed.
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Module 5: Local Database (Room Storage)

Learning Objectives
By the end of this module, you will master the following:

. Persistence: Understand how to save data that survives app
restarts and device reboots.

. SQL Mapping: Map Kaotlin objects (Classes) to SQL Tables
using Room Entities.

. Data Access: Write efficient database queries using Data
Access Objects (DAOs).

. Threading: Prevent Ul freezes by moving database operations
to background threads using Coroutines.

. Reactivity: Use Kotlin Flow to update the Ul instantly when
the database changes.

. Architecture: Implement the Repository Pattern to decouple
your data logic from your Ul.

The "Why'': Why This Matters

So far, every time you close the apps we've built, the data disappears.
This is because variables live in RAM (Volatile Memory).

Real-world apps need Persistence.

- When you toggle "Airplane Mode," WhatsApp still shows your
old messages.
- When you restart your phone, your To-Do list is still there.

To achieve this, we use a Database. Specifically, we use Room, a
library by Google that acts as a wrapper around SQL.ite. It allows you
to write the full power of a SQL database using simple Kotlin code.
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Detailed Theory & Syntax

1. SQL Fundamentals & Relational Concepts

ELI5 (The Analogy): Think of a Database as a massive Excel
Workbook.

A Table is a single Sheet (e.g., "Users").

A Column is a specific attribute (Name, Age, ID).

A Row is one specific entry (John Doe, 25, ID: 101).
The Primary Key is a unique ID (like a Social Security
Number) that ensures no two rows are identical.

The Technical Details: Room is an ORM (Object Relational
Mapper). It translates your Kotlin Classes into these SQL Tables
automatically.

2. Room Components: Entity, DAO, and Database

Room consists of three major components:

A. The Entity (The Table) This is a data class annotated with
eentity. It represents the structure of your data.

B. The DAO (The Access Point) DAO stands for Data Access
Object. It is an Interface where you define your interactions: tnsert,
Delete, Query. YOU don't write the implementation code; Room
generates it for you.

C. The Database (The Holder) This is the abstract class that holds
the database version and connects the Entities to the DAOs.

3. Type Converters

The Problem: SQL only understands primitive types: Text, Integers,
and Booleans. SQL does not understand complex objects like pate Or
List<String>.

%‘. Zefcriilca WWW.gotechafrica.com



The Solution: A Type Converter is a translator.

. To Save: It converts a pate Object -> A Long number
(timestamp).
. To Read: It converts the Long number -> Back to a pate Object.

4. Coroutines: Suspend Functions & Threads

The "Main Thread" Rule: The "Main Thread" (Ul Thread) is
responsible for drawing the screen 60 times a second. Database
operations are "heavy." If you read a massive database on the Main
Thread, the screen freezes. This triggers an ANR (App Not
Responding) crash.

The Solution: We use Coroutines.

. suspend. A keyword that tells Kotlin, "This function might take
a while. Pause execution here without blocking the thread, and
resume when done."

. Dispatchers.10: A special thread pool optimized for writing to
disks/databases.

5. Kotlin Flow: Reactive Data
ELI5:;

. List (Snapshot): Like taking a photo of a grocery store shelf. If
the stock changes 5 minutes later, your photo is outdated.

. Flow (Live Stream): Like a security camera pointed at the
shelf. If the stock changes, you see it on your monitor
immediately.

By returning a r1ow from your DAO, Room will automatically notify
your Ul whenever the data changes.

6. The Repository Pattern

Concept: The Repository acts as a "Broker" or "Middleman." The Ul
(ViewModel) should never talk to the Database directly. It asks the
Repository for data.

%‘. Zefcriilca WWW.gotechafrica.com



. Benefit: If you later decide to fetch data from the Cloud instead
of the Local DB, you only change the Repository. The Ul code
remains untouched.

7. Database Migrations

The Problem: You release Version 1 of your app. Users install it.
Later, you release Version 2 and add a new column ("User Birthday")
to the database. When users update, their old database schema doesn't
match the new code. Crash.

The Solution: Migrations are instructions you give Room on how to
upgrade the database safely (e.g., "Keep existing data, but add a
column named 'Birthday™").

Code Examples

A. The Entity (User Table)

Kotlin

@Entity(tableName = "user table")

data class User (
// PrimaryKey: Auto-generates unique IDs (1, 2, 3...)
@PrimaryKey (autoGenerate = true)
val id: Int = 0,

val firstName: String,
val lastName: String,
val age: Int

)
B. The DAO (Interface)

Kotlin

@Dao

interface UserDao {
// suspend: Run this on a background thread
@Insert (onConflict = OnConflictStrategy.IGNORE)
suspend fun addUser (user: User)

// Flow: Automatically emits new data when the table
changes
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// Note: Flow does not need 'suspend'
@Query ("SELECT * FROM user table ORDER BY id ASC")
fun readAllData(): Flow<List<User>>

@Delete
suspend fun deleteUser (user: User)

C. The Database (Singleton)

Kotlin
@Database (entities = [User::class], version = 1, exportSchema
= false)
abstract class UserDatabase : RoomDatabase () {
abstract fun userDao(): UserDao

companion object {
// Volatile ensures the value is up-to-date for all

threads
@Volatile
private var INSTANCE: UserDatabase? = null

fun getDatabase (context: Context): UserDatabase {
// Singleton pattern: Ensure only ONE instance
exists
return INSTANCE ?: synchronized(this) {
val instance = Room.databaseBuilder (
context.applicationContext,
UserDatabase::class.java,
"user database"
) .build()
INSTANCE = instance
instance

D. The Repository

Kotlin

class UserRepository(private val userDao: UserDao) {

val readAllData: Flow<List<User>> = userDao.readAllData()

suspend fun addUser (user: User) {
userDao.addUser (user)

}
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Common Pitfalls: Where Beginners Get Stuck

1. Running DB operations on Main Thread

. Error: "Cannot access database on the main thread since it may
potentially lock the UI."

. Fix: Always add the suspena keyword to your DAO methods
(except for Flows) and call them from a viewModelScope. launch.

2. Forgetting xsp (Annotation Processing)

. Error: "Unresolved reference: UserDatabase Impl".

. Reason: Room generates code behind the scenes during the
build process.

. Fix: You must include the xsp (Kotlin Symbol Processing)
plugin in your puild.gradie file.

3. Type Converter Crashes

. Error: Using a custom object (like Bitmap OF pate) in an Entity
without a @TypeConverter.
. Fix: Write a converter class to translate the object to a primitive

type.
Practical Exercise: ""The Note Keeper"'
Task: Build a simple note-taking app that saves notes offline.
Steps:

1. DependenCieS: Add room-runtime, room-ktx, and room-compiler
to your Gradle file.

2. Entity: Create a data class note (id, title, content).

3. DAO: Create notebao With insertnote and getAllNotes.
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Database: Create the abstract Notebatabase Class.
Repository: Create a class that connects to the DAO.
ViewModel: Create a ViewModel that launches a coroutine to
insert a note.

7. Ul: Create a screen with two TextFields (Title, Content) and a
"Save" button.

o o b

Goal: Run the app. Type a note. Save it. Close the app completely
(swipe it away). Re-open it. If the note is still there, you have
successfully implemented Room.

Summary

You have now given your application a "Long Term Memory." By
combining Room for storage, Coroutines for background threading,
and Flow for real-time updates, you have built the foundation of a
robust, professional Android architecture.

This concludes the data persistence layer. In the next module, we will
explore "Clean Architecture™ to ensure this code remains organized as
your app grows into a massive project.
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Module 6: Professional Architecture
(MVVM & Clean)

Learning Objectives
By the end of this module, you will master the following:

. The Standard: Understand the industry-standard "Clean
Architecture™ used by top tech companies.

. Decoupling: Apply the "Separation of Concerns" principle to
prevent "Spaghetti Code."

. The Layers: distinct roles of the Ul, Domain, and Data layers.

. Business Logic: Encapsulate pure logic into reusable Use
Cases.

. Automation: Use Hilt (Dagger) to automate dependency
injection.

. Organization: Structure complex projects by "Feature" rather
than file type.

. Project: Build a fully architected Task Management
application.

The "Why'': Why This Matters

In Module 1, we wrote code in Mainactivity. In a professional
setting, this is forbidden.

The ""Spaghetti Code™ Problem: Imagine a restaurant where the
Chef also waits tables, washes dishes, and balances the accounting
books. If the Chef gets sick, the entire restaurant shuts down. In
coding, if your Ul (Activity) also handles Database calls and Logic,
your code becomes a tangled mess. Changing one line breaks
everything else.

The Solution: Clean Architecture We separate the app into layers.
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. The Chef (Domain Layer): Cooks the food (Logic).

. The Waiter (Ul Layer): Takes orders and serves food (Screen).

. The Supplier (Data Layer): Brings the ingredients
(Database/API).

This makes your app Testable, Scalable, and Maintainable.

Detailed Theory & Syntax

1. Separation of Concerns & The Layers
The core rule is: Dependencies point INWARDS.

« The Ul knows about the Domain.
. The Data knows about the Domain.
. The Domain knows about NOTHING. It is pure Kotlin logic.

2. The Ul Layer (Presentation)
This layer is responsible for Displaying Data to the user.

. Composables: The visual elements.

. State Holders (ViewModels): They hold the data for the
screen. They do not contain complex business logic; they just
prepare data for the view.

3. The Domain Layer (The Brain)

This is the most important layer. It contains Use Cases (also called
Interactors). A Use Case performs one specific task.

. Examples: LoginUserUseCase, GetTasksUseCase,
ValidatePasswordUseCase.

. Why? If the logic for "logging in" changes, you update it in
ONE place, and every screen using that Use Case is
automatically updated.

4. The Data Layer (The Source)
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This layer handles data retrieval. The rest of the app doesn't care
where data comes from (Cloud vs. Local DB).

. Data Sources: The low-level code (API calls, DAO methods).
- Repository: The "Gatekeeper.” It decides whether to fetch data
from the Network or the Cache. The Domain layer talks to the

Repository, never the Data Source directly.

5. Implementing Hilt (Dependency Injection)
ELI5 (The Analogy):

. Without Hilt: If you want a car, you have to build the engine,
Tires, and seats yourself, then assemble them.

. With Hilt: You walk into a dealership and say, "l need a Car."
The dealership (Hilt) has already assembled the parts and hands
you the finished car.

The Syntax:

. @HiltAndroidapp: Triggers code generation for the app.

« @AndroidentryPoint: Tells Hilt, "You can inject dependencies
into this Activity/Fragment."

. eInject: Tells Hilt, "Please provide this object for me."

« @Module / eprovides: Instructions on how to build complex
objects (like Retrofit or Room Databases).

6. Organizing Project Structure
Bad Way (By Layer):

N — A
. @ domain

. @ data (Problem: To change the "Login" feature, you have to
jump between 3 different folders.)

Professional Way (By Feature):

. = login
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o mw domain

o mw data

o '@ presentation
. mw tasks

o mw domain

o mw data

o @ presentation (Benefit: Everything related to "Login" is
in one place.)

Code Examples
A. The Data Layer (Repository)

Kotlin

// The Interface (Contract) lives in Domain
interface TaskRepository {

fun getTasks(): Flow<List<Task>>
}

// The Implementation lives in Data
class TaskRepositoryImpl @Inject constructor (
private val taskDao: TaskDao
) : TaskRepository {
override fun getTasks(): Flow<List<Task>> =
taskDao.getAllTasks ()
}

B. The Domain Layer (Use Case)

Kotlin
// A Use Case does ONE thing.
class GetTasksUseCase @Inject constructor (
private val repository: TaskRepository
) A
// The 'invoke' operator lets us call the class like a
function
operator fun invoke(): Flow<List<Task>> {
// We can apply business logic here (e.g., sort by
date)
return repository.getTasks()
.map { tasks -> tasks.sortedBy { it.dueDate } }
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}

C. The Ul Layer (ViewModel)

Kotlin
@HiltViewModel
class TaskViewModel @Inject constructor (
private val getTasksUseCase: GetTasksUseCase
) : ViewModel () {

// The UI observes this state
private val tasks =
MutableStateFlow<List<Task>> (emptyList())

val tasks: StateFlow<List<Task>> = tasks
init {
loadTasks ()
}
private fun loadTasks () {

viewModelScope.launch {
// The ViewModel doesn't know about the DB. It

just asks the UseCase.
getTasksUseCase () .collect { taskList ->
_tasks.value = taskList

}

Common Pitfalls: Where Beginners Get Stuck

1. Passing context to the Domain Layer

o Error: ciass GetTasksUseCase (context: Context)

. Why: The Domain layer should be pure Kotlin. It should not
know it is running on an Android phone. If you pass context,
you cannot unit test this logic on a PC.

. Fix: Pass the necessary data (Strings, Files) as arguments, not
the Context object.
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2. ""God" ViewModels

. Error: Writing database queries or sorting logic inside the
ViewModel.

. Fix: Move logic to a Use Case. The ViewModel should only
format data for the screen.

3. Hilt Setup Errors

. Error: "Hilt_MainActivity class not found."
. Fix: You likely forgot to add eriitandroidapp to your
Application class or forgot the plugin in build.gradie.

Africa
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PROJECT 2: TaskMaster Pro

Description: You will build a fully architected Task Management
application. This project is the culmination of Modules 1-6.

Architecture Requirements:

MVVM: ViewModels must manage State.

Clean Architecture: Must have distinct Data, Domain, and Ul
packages.

Dependency Injection: Must use Hilt to inject Repositories into
Use Cases, and Use Cases into ViewModels.

Feature Requirements:

1.
2.
3.

4.

CRUD: Users can Create, Read, Update, and Delete tasks.
Persistence: All tasks must be saved in Room Database.
Filtering: A Use Case rilterTasksusecase that allows showing
only "High Priority" tasks.

Search: Real-time search functionality.

Step-by-Step Implementation Guide:

1.
2.
3.

Setup: Add dependencies (Hilt, Room, Navigation).

Data: Create task Entity, TaskDao, and TaskRepositoryImpl.
Domain: Create taskrepository Interface and Use Cases
(AddTaskUseCase, GetTasksUseCase, DeleteTaskUseCase).

DI: Create a Hilt Module to provide the Database and
Repository.

Presentation: Create taskviewModel and the Compose screens
(TaskListScreen, AddTaskScreen).

Summary

You have now graduated from "Coder" to "Software Architect." You
are not just writing code that works; you are writing code that lasts.
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By strictly separating concerns, your apps are now ready to be scaled
by large teams, tested automatically, and maintained for years.

In the next module, we will finally connect our app to the outside
world by fetching data from the Internet using Retrofit.
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Module 7: Networking & APIs (Retrofit)

Learning Objectives

By the end of this module, you will master the following:

The Protocol: Understand how apps talk to servers using REST
(GET, POST, PUT, DELETE).

The Translation: Convert raw JSON data from the web into
Kotlin Objects using Serialization.

The Tool: Build a robust networking layer using Retrofit and
OkHttp.

Safety: Handle API failures (404s, Timeouts) gracefully without
crashing the app.

Visuals: Load and cache images from URLSs using Coil.
Efficiency: Implement Pagination to load massive lists in
chunks.

Stability: Detect "No Internet" states and prompt the user.

The ""Why"': Why This Matters

An app without the internet is isolated. It can't show news, send
messages, or update prices. To build a modern app (like Instagram,
Uber, or Twitter), your code must communicate with a Backend
Server,

The Challenge: The internet is unreliable. It is slow, it disconnects,
and servers sometimes break. We cannot just "open a file" like we did
with the Local Database. We need a system that sends a request, waits
asynchronously for a response, and handles any errors that happen
along the way.
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Detailed Theory & Syntax
1. Understanding REST APIs
ELI5 (The Restaurant Analogy):

. The Client (App): You are the Customer.

. The Server (Backend): The Kitchen.

. The API: The Menu. It tells you what you can order.

. The Request: You telling the Waiter what you want.

. The Response: The Waiter bringing you food (or telling you
"We are out of steak").

The 4 Main Verbs (HTTP Methods):

1. GET: "Can | see the menu?" (Fetch data). Safe, does not change
data.

2. POST: "l want to order a burger." (Create new data).

3. PUT: "Actually, change that to a cheeseburger.” (Update
existing data).

4. DELETE: "Cancel my order." (Remove data).

2. JSON Parsing with Kotlin Serialization

The Concept: Servers don't speak Kotlin. They speak JSON

(JavaScript Object Notation). It looks like text: { "name": "John",
"id": 50 }

We need to convert this Text into a Kotlin user object. This process is
called Parsing (or Deserialization).

. Old Way: Gson (Slow, uses reflection).
. New Way: Kotlin Serialization (Fast, efficient, type-safe).

3. Setting up Retrofit & OkHttp

Retrofit: A library by Square that turns your HTTP API into a
Java/Kotlin Interface. You define what you want (e.g., getusers ()),
and Retrofit generates the code to fetch it.
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OkHttp: The engine under the hood. While Retrofit manages the
Logic, OkHttp manages the Connection.

. Interceptors: Code that runs on every request (e.g., adding an
API Key header or logging the request to the console).

4. Handling Network Errors (Result Wrappers)

The Problem: If the internet cuts out, Retrofit throws an Exception.
If you don't catch it, your app crashes. Also, the server might reply,
but with an error (e.g., "404 Not Found™).

The Solution: We wrap our data in a Sealed Class called resource oOr
NetworkResult.

e Success(val data: T)
e Error(val message: String)
¢ Loading

5. Loading Remote Images (Coil)

Why not standard Image views? Loading an image from a URL
involves:

1. Downloading the bytes.
2. Decoding them to a Bitmap.
3. Caching them (so we don't download it again if we scroll back

up).
Coil (Coroutine Image Loader): Coil is built specifically for Kotlin
and Jetpack Compose. It handles all the heavy lifting automatically.
6. Pagination

ELI5: Imagine an Instagram feed. It has infinite photos. If the app
tried to download all 1 billion photos at once, your phone would
explode. Pagination means downloading page 1 (20 items). When the
user scrolls to the bottom, we request page 2 (next 20 items).
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7. Connectivity Manager

Before making a network call, professional apps check: "Do we have
a connection?" If not, we show a "No Internet" Ul instead of trying
(and failing) to fetch data.

Code Examples

A. The JSON Data Model (Serialization)

Kotlin

// @Serializable tells the compiler to generate code to parse
this class
@Serializable
data class UserProfile(

val id: Int,

// @SerialName maps the JSON key "full name" to our
variable "name"

@SerialName ("full name") val name: String,

val email: String

)
B. The API Interface (Retrofit)

Kotlin
interface UserApi {

// Defines a GET request to
"https://api.example.com/users"

@GET ("users")

suspend fun getUsers(): List<UserProfile>

// Defines a request with a dynamic parameter:
".../users/5"

@GET ("users/{id}"™)

suspend fun getUserById(@Path ("id") userId: Int):
UserProfile

}
C. The Setup (Singleton Module)
Kotlin

object RetrofitInstance {
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private const val BASE URL =
"https://jsonplaceholder.typicode.com/"

// 1. Setup JSON Converter
private val json = Json { ignoreUnknownKeys = true }

// 2. Build Retrofit
val api: UserApi by lazy {
Retrofit.Builder ()
.baseUrl (BASE URL)
// Use Kotlin Serialization Converter

.addConverterFactory(json.asConverterFactory ("application/json
".toMediaType()))

Lbuild()
.create (UserApi::class.java)

}

D. Repository & Error Handling

Kotlin

class UserRepository(private val api: UserApi) {

// Return a Wrapper (Result) instead of raw data

suspend fun getUsers(): Result<List<UserProfile>> {
return try {
val response = api.getUsers/()

Result.success (response)
} catch (e: IOException) {
Result.failure (Exception ("No Internet
Connection"))
} catch (e: HttpException) {
Result.failure (Exception ("Server Error:
S{e.code()}"))
}
}

E. Loading Images with Coil (Compose)

Kotlin

@Composable
fun UserAvatar (imageUrl: String) {
AsyncImage (
model = imageUrl,
contentDescription = "User Avatar",
modifier = Modifier.size(100.dp) .clip(CircleShape),
// Show a placeholder while loading
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placeholder = painterResource (R.drawable.placeholder),
// Show an error icon 1f URL fails
error = painterResource (R.drawable.error icon)

Common Pitfalls: Where Beginners Get Stuck

1.NetworkOnMainThreadException

. The Crash: You tried to call api.getusers () directly inside
onCreate OF a Standard function.

. The Fix: Networking MUST happen on a background thread.
Since we use suspend functions, always call them from

viewModelScope. launch.
2. Missing Permissions

. The Crash: The app fails instantly with a security error.

« The Fix: You must add <uses-permission
android:name="android.permission.INTERNET" /> {0 your
AndroidManifest.xml.

3. Parsing Errors

. The Error: "SerializationException: Field 'id" is required but
missing."

. The Fix: If a field might be missing in the JSON, make your
Kotlin variable nullable (e.g., va1 id: 1nt? = null) Or set
ignoreUnknownKeys = true IN your Json configuration.
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Practical Exercise: ""The Random Quote
Generator™

Task: Build an app that fetches a random quote from the internet.
Steps:

1. Manifest: Add the Internet permission.

2. Dependencies: Add Retrofit, OkHttp, and Kotlin Serialization
{0 puild.gradle.

3. Model: Create a Data Class ouote (val content: String, val
author: String).

4. Interface: Create guoteapi With a @GET ("random™) method.

5. Ul: A simple screen with a Text (for the quote) and a Button
("Get New Quote").

6. Logic: When the button is clicked, fetch a new quote and update
the Text.

API Endpoint {0 USe: nttps://api.quotable.io/random

Summary

You have unlocked the ability to connect your app to the world. You
learned how to send HT TP Requests, parse the JSON response into
Kotlin objects, and safely handle the errors that inevitably happen on
mobile networks. You also learned how to display remote images
using Caoil.

In the next module, we will optimize this further by learning how to
handle tasks in the background so your app remains smooth even
while downloading large files.
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Module 8: Background Work &
Permissions

Learning Objectives
By the end of this module, you will master the following:

. Concurrency Mastery: Manage complex Coroutine lifecycles
and handle crashes gracefully.

. Reactive Streams: Distinguish between stater1ow (Ul State)
and sharedriow (Events).

. Guaranteed Execution: Use WorkManager to ensure tasks
run even if the app is closed.

. Services: Build Foreground Services for long-running tasks
like music playback.

. System Events: Use Broadcast Receivers to react to system
changes (e.g., WiFi connected).

. Privacy: Implement the modern Runtime Permission flow to
ask for user consent.

. Engagement: Create local Notifications to alert users.

The ""Why"': Why This Matters

Users expect your app to work seamlessly, but they also value their
battery life and privacy.

1. Battery: If every app ran heavy tasks in the background
constantly, the phone’s battery would die in an hour. Android is
strict about killing background apps. You need to know the right
way to keep working when the user isn't looking.

2. Privacy: You cannot just turn on the microphone. You have to
ask permission,

3. Reliability: If your app is uploading a large file and the user
swipes the app away, the upload should not fail.
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Detailed Theory & Syntax
1. Advanced Coroutines: Scopes & Jobs
ELI5 (The Construction Site):

. Scope: The construction site itself.

. Job: A specific task (e.g., "Build the wall™).

. Parent-Child Relationship: If the "Build House" job is
cancelled, the "Build Wall" and "Paint Window" sub-jobs must
also stop immediately.

Key Concepts:

. viewModelScope: A scope tied to the ViewModel. If the user
leaves the screen, this scope is cancelled automatically.

. Exception Handling: If a coroutine crashes, it usually crashes
the whole app. We Use coroutineExceptionHandler {0 catch
these errors safely.

2. StateFlow vs. SharedFlow
ELI5:;

. StateFlow (The Billboard): It holds a state (image). Even if
you look away and look back, the image is still there. New users
see the latest image immediately. Use this for Ul State
(Loading, specific data).

. SharedFlow (The Ticker Tape): It sends events. If you weren't
looking when the event happened, you missed it. It doesn't hold
data. Use this for One-time Events (Toasts, Navigation
commands).

3. WorkManager

The Problem: You want to upload a file. You start a Coroutine. The
user force-closes the app. The Coroutine dies. The upload fails.

The Solution: WorkManager is for Guaranteed, Deferrable
Work.
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. Guaranteed: It will run, even if the device restarts.
. Deferrable: It doesn't have to happen right now. It can happen in
10 minutes when the phone has WiFi.

Constraints: You can tell WorkManager: "Only run this task if the
phone is Charging AND on WiFi."

4. Foreground Services

The Exception to the Rule: Android kills background apps. But what
about Spotify? Or Google Maps Navigation? They use a Foreground
Service. This is a service that shows a Non-Dismissible Notification.
It tells the system (and the user): "I am actively doing something
important, please do not kill me."

5. Broadcast Receivers

ELI5: The Android System is like a Town Crier. It shouts messages:
"The Battery is Low!", "Airplane Mode is On!", "Language
Changed!". A Broadcast Receiver is your app's ears. You tune in to
specific channels to react to these shouts.

6. Runtime Permissions

Old Way (Pre-2015): You asked for all permissions when the user
installed the app. New Way (Runtime): You ask for permission at
the moment you need it.

The Flow:

1. Check: Do we already have permission?

2. Rationale: If not, should we explain why we need it?

3. Request: Launch the system popup asking "Allow or Deny?"
4. Handle: React to the user's choice.
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7. Notifications

Channels: Since Android 8 (Oreo), you must group notifications into
Channels (e.g., "Promotions", "Messages", "Updates"). Users can
turn off "Promotions" but keep "Messages™ on.

Code Examples

A. WorkManager (The Worker)

Kotlin
// 1. Define the Work
class UploadWorker (ctx: Context, params: WorkerParameters)
CoroutineWorker (ctx, params) {
override suspend fun doWork(): Result {
return try {
// Do the heavy lifting here
uploadFile ()
Result.success ()
} catch (e: Exception) {
// Tell system to retry later
Result.retry ()

}

// 2. Schedule the Work (e.g., in a ViewModel)
fun startBackup() {
val constraints = Constraints.Builder ()
.setRequiresCharging (true)
.setRequiredNetworkType (NetworkType.UNMETERED) // WiFi
Louild ()

val uploadRequest =
OneTimeWorkRequestBuilder<UploadWorker> ()
.setConstraints (constraints)
Lbuild()

WorkManager.getInstance (context) .enqueue (uploadRequest)
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B. StateFlow vs SharedFlow

Kotlin

class MainViewModel : ViewModel () {
// StateFlow: Holds state (Initial value required)
private val uiState = MutableStateFlow("Loading...")
val uiState = uiState.asStateFlow()

// SharedFlow: Sends events (No initial wvalue)
private val events = MutableSharedFlow<String> ()
val events = events.asSharedFlow ()

fun triggerEvent () {
viewModelScope.launch {
_events.emit ("Show Toast Message")

}

C. Runtime Permissions (Compose)

We use the Accompanist library or the built-in Activity Result API.
Kotlin

// Standard Activity Result way
val requestPermissionLauncher =
rememberLauncherForActivityResult (
contract = ActivityResultContracts.RequestPermission ()
) { isGranted: Boolean ->
if (isGranted) {
// Permission Accepted: Open Camera
} else {
// Permission Denied: Show logic explaining why
}
}

Button (onClick = {

requestPermissionLauncher.launch (Manifest.permission.CAMERA)

b oA

Text ("Open Camera')

}
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Common Pitfalls: Where Beginners Get Stuck

1. WorkManager Testing

. Confusion: "I clicked the button, but the work didn't start
immediately!"

. Explanation: WorkManager respects battery health. It might
wait 10 minutes to batch your request with others. It is not for
"Instant” tasks.

2. Permission Loops

. The Trap: The user denied permission permanently (clicked
"Don't ask again"). You keep calling requestpermission (), but
nothing happens on screen.

. The Fix: Check shouldShowRequestPermissionRationale. If the
user permanently denied, you must show a button sending them
to the App Settings manually.

3. Notification Channels

. The Crash: Posting a notification without creating a Channel
first.
« Result: The notification simply never appears on Android 8+.

Practical Exercise: ""The Sleep Tracker"
Task: Create an app that simulates a long-running backup process.
Steps:

1. Ul: A screen with a "Start Backup" button and a status text.

2. Logic: When clicked, check for Notification Permission
(Android 13+ requirement).

3. WorkManager: Create a Worker that simply sleeps for 10
seconds (delay (10000)).

4. Constraints: Set a constraint that it only runs if the phone is
connected to the charger (you can test this on emulator).
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5. Observation: Use WorkManager.getWorkInfoByIdLiveData tO
observe the status (Running -> Succeeded) and update the Ul
text.

Summary

You have learned how to be a "Good Citizen" of the Android
Operating System. You know how to respect the user's battery using
WorkManager, how to respect their privacy using Runtime
Permissions, and how to handle threading smartly using Coroutines
and Flow.

In the next module, we will focus on making your app look beautiful
using advanced Animation and Theming techniques.
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Module 9: Advanced UI/UX & Animations

Learning Objectives
By the end of this module, you will master the following:

. Theming Engine: Implement automatic Dark Mode and
Material You (Dynamic Colors).

. Typography: Import and apply custom branding fonts (Google
Fonts) across the app.

. Motion: Create fluid Ul changes using animate*asstate and
AnimatedVisibility.

. Continuity: Implement Shared Element Transitions to morph
views between screens.

. Custom Drawing: Use the Canvas API to draw custom charts
and shapes.

. Complex Layouts: Solve difficult Ul positioning challenges
using ConstraintLayout.

. Inclusivity: Ensure your app is usable by visually impaired
users via Accessibility standards.

The "Why"': Why This Matters
Functionality makes an app work; Polish makes an app successful.
Users judge the quality of your code by how it feels.

. If a button snaps instantly from state A to B, it feels "cheap."

. If it morphs smoothly, it feels "premium."

. If your app blinds the user at night because it lacks Dark Mode,
they will uninstall it.

In this module, we stop building "Prototypes" and start building
Products.
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Detailed Theory & Syntax

1. Theming: Dark Mode & Dynamic Color

The Concept: Hardcoding colors (e.g., color.white OF Color.Black)
Is a bad practice. Instead, we use Semantic Colors. We say, "Use the
Background Color," and let the system decide if that is White (Light
Mode) or Dark Grey (Dark Mode).

Dynamic Color (Material You): Starting with Android 12, the app
can extract colors from the user's wallpaper. This makes your app feel
native to their specific phone.

2. Animations: animate*assState & AnimatedVisibility
ELI5 (Teleportation vs. Walking):

. No Animation: You tell a view "Go to position X." It teleports

there instantly.
. Animation: You tell a view "Go to position X." It calculates the
60 steps needed to walk there over 300 milliseconds.

Key Tools:

1. animate*asstate: Used for simple value changes. (e.g., Change
Size from 50dp to 100dp). Compose handles the math in

between.
2. animatedvisibility: Used for entering/exiting. Instead of just

if (visible), You wrap the Ul in
AnimatedVisibility(visible).
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3. Canvas: Drawing Custom Shapes

The Coordinate System:

Y

Unlike high school math, the Y-axis in Android goes DOWN.

« (0, 0) Isthe Top-Left corner.
. x increases to the Right.
« v Increases to the Bottom.

We use the canvas composable to draw Lines, Circles, Arcs (for Pie
Charts), and Paths (for Line Graphs). This is essential for financial

apps.
4. Shared Element Transitions

The Effect: When you click a small image in a list, and it "expands"
and moves to become the large header image on the Detail screen.
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This provides Visual Continuity. It helps the user understand where
they are navigating.

5. ConstraintLayout in Compose

The Problem: Sometimes nesting rows inside columns inside rows
gets too messy. The Solution: ConstraintLayout lets you define
rules like: "Button A should be centered horizontally, but its top
should be aligned to the bottom of Image B." It uses a physics-like
system of anchors and springs.

6. Accessibility (Ally)

The Responsibility: Millions of users rely on TalkBack (Screen
Reader). If you draw a custom "Play Button™ using Canvas but don't
label it, a blind user hears "Unlabelled Button." We use semantics and
contentDescription t0 explain our Ul to the system.

Code Examples

A. Simple Animation (animateColorAsState)

Kotlin

@Composable
fun ColorChangingButton () {
var isSelected by remember { mutableStateOf (false) }

// Compose calculates the colors between Blue and Gray
automatically
val backgroundColor by animateColorAsState (

targetValue = if (isSelected) Color.BRlue else
Color.Gray,
label = "ColorAnimation"
)
Button (
onClick = { isSelected = !isSelected },
colors = ButtonDefaults.buttonColors (containerColor =
backgroundColor)

) A
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Text ("Click Me")

B. Canvas (Drawing a Notification Dot)

Kotlin

@Composable
fun NotificationIcon () {
Box (contentAlignment = Alignment.Center) {
Icon(Icons.Default.Email, contentDescription =
"Email")

// Draw a red dot on top
Canvas (modifier =
Modifier.size (10.dp) .align (Alignment.TopEnd)) {
drawCircle (color = Color.Red)

}

C. Theming (Dark Mode Support)

Kotlin
// In your Theme.kt file
private val DarkColorScheme = darkColorScheme (

primary = Purple80,

secondary = PurpleGrey80,

background = Color (OxFF1C1BI1F)
)

private val LightColorScheme = lightColorScheme (
primary = Purple4O,
secondary = PurpleGrey40,
background = Color (OXFFFFFBFE)

)

@Composable
fun MyAppTheme (

darkTheme: Boolean = isSystemInDarkTheme (), // Auto-detect
system setting

content: @Composable () -> Unit
) A
val colorScheme = if (darkTheme) DarkColorScheme else
LightColorScheme
MaterialTheme (
colorScheme = colorScheme,

typography = Typography,
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content = content

Common Pitfalls: Where Beginners Get Stuck

1. Hardcoded Colors

« The Mistake: background = Color.White

. The Result: In Dark Mode, your text turns white (default), and
your background stays white. The text becomes invisible.

. The Fix: Always USE MaterialTheme.colorScheme.background.

2. Over-Animating

. The Mistake: Animating every single list item, button, and text
field simultaneously.

. The Result: The user gets motion sickness. The app feels slow.

. The Rule: Animations should be quick (300ms) and purposeful.

3. Canvas Coordinates

. The Mistake: Trying to draw a line "Up" by increasing the Y
value.

. The Fix: Remember that increasing Y moves you Down the
screen.

Practical Exercise: ""The Pulse™
Task: Create a "Recording" button that pulses.
Steps:

1. Create a standard circular Button with a Mic Icon.

* Africa
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2. Create an infiniteTransition using
rememberInfiniteTransition.
3. Animate a scale value from 1.0 to 1.2r and back, repeating
forever.
. Apply this scale to the Button's modifier using graphicsrayer.
. Result: The button should gently throb like a heartbeat.

o1 A~

PROJECT 3: CryptoTracker Live

Goal: Build a polished Financial Dashboard.
Requirements:

1. API: Fetch data from CoinGecko or a similar free API.

2. The Chart: Use Canvas to draw a Line Chart representing the
price history of Bitcoin (do not use a charting library; draw the
lines yourself to prove you understand coordinates).

3. Dark Mode: The app must look perfect in both Light and Dark
themes.

4. Favorites: Allow users to save coins to a local database
(Room).

5. Motion: When a user taps a coin, US€ animatedvisibility tO
expand the row and show more details.

Summary

You have now mastered the "Front of the Frontend." You can make
apps that respect user preferences (Theming), apps that feel alive
(Animation), and apps that can draw complex data visualizations
(Canvas).
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At this point, you possess the complete skillset of a Junior Android
Developer. The final modules will focus on Professional Polish:
Cloud integration, Testing, and Publishing.
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Module 10: Backend Integration (Firebase)

Learning Objectives
By the end of this module, you will master the following:

. The Backend: Set up a Serverless backend using the Google
Firebase Console.

. ldentity: Implement a secure Login system using
Email/Password and Google Sign-In.

. Cloud Data: Store and sync data in real-time across devices
using Cloud Firestore.

. Media: Upload user profile pictures and files to Firebase
Storage.

. Engagement: Re-engage users with Push Notifications using
FCM.

. Stability: Track app health and crashes automatically with
Crashlytics.

. Flexibility: Modify app behavior remotely without releasing a
store update using Remote Config.

The "Why"': Why This Matters

Up until now, your app has been an "Island.” If a user installs your
app on two different phones, their data doesn't sync. If they delete the
app, their data is gone.

To fix this, you traditionally need a Backend Engineer to build a
server, manage a database, handle security, and pay for hosting.

Firebase is "Backend-as-a-Service" (BaaS) by Google. It gives you a
pre-built backend. You don't manage servers; you just write code to
talk to Google's massive infrastructure. It allows a single Android
Developer to build a "Full Stack" product (like WhatsApp or
Instagram) entirely on their own.
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Detailed Theory & Syntax

1. Firebase Console & Setup

The Console: This is your Control Center. It is a website where you
manage your users, database, and settings. To connect your Android
app to Firebase, you download a file called google-services.json.

. The Key: This file contains your API keys and project ID. It
acts as the "Passport™ allowing your app to enter Google's
Servers.

2. Authentication (Auth)
ELI5: Imagine a VIP club.

. Authentication: The bouncer checking your ID card to see who
you are.

. Authorization: The manager deciding if you are allowed in the
VIP section.

Firebase Auth handles the complexity of password encryption, session
management (keeping users logged in), and "Forgot Password" emails
automatically.

3. Cloud Firestore (NoSQL Database)
ELI5:

. SQL (Room): A strict Excel sheet with rows and columns.
. NoSQL (Firestore): A giant room full of filing cabinets.
o Collection: A specific Filing Cabinet (e.g., "Users").
o Document: A specific Folder inside the cabinet (e.g.,
"John Doe's Folder™).
o Fields: The papers inside the folder (Name: John, Age:
30).

Real-time Sync: This is the "Magic" of Firestore. You can attach a
"Listener"” to a document. If anyone in the world changes that
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document, your app receives the new data instantly, without you
asking for it. This is how chat apps work.

4. Firebase Storage

Firestore is for Text (JSON). It is expensive and slow to store images
inside text. Storage is a "Bucket" for binary files (Images, Videos,
PDFs).

. The Pattern: You upload the Image to Storage. Storage gives
you a download URL (e.g., https://google.com/image .png).
You save that URL as text in Firestore.

5. Cloud Messaging (FCM)

The Problem: Android kills background apps to save battery. How
do you tell a user they have a new message if the app is dead? The
Solution: FCM (Firebase Cloud Messaging) is a system-level pipe.
Google Play Services keeps one low-energy connection open to
Google. When you send a notification, Google sends it down this
pipe, and the Android OS wakes up your app to display it.

6. Crashlytics

The Reality: Your app will crash. Users rarely report why.
Crashlytics automatically uploads a report every time the app dies. It
tells you:

1. The exact line of code that failed.
2. The phone model (e.g., Samsung S23).
3. The Android version.

7. Remote Config

ELI5: Imagine you have a "Buy Now" button that is Blue. You want
to see if turning it Red makes more people click it. Normally, you'd
have to release an update to the Play Store and wait 3 days. Remote
Config lets you define a variable button color in the cloud. You
change it in the Console, and every user's app updates instantly next
time they open it.
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Code Examples
A. Authentication (Email/Password)

Kotlin
// Get the Auth instance
val auth = FirebaseAuth.getInstance ()

// Sign Up Logic
fun registerUser(email: String, pass: String) {
auth.createUserWithEmailAndPassword (email, pass)
.addOnCompletelListener { task ->
if (task.isSuccessful) {
Log.d("Auth", "User Created! ID:
S${auth.currentUser?.uid}")
} else {
Log.e ("Auth", "Error:
S{task.exception?.message}")
}
}
}

B. Firestore (Real-time Listener)

Kotlin

val db = FirebaseFirestore.getInstance ()

// Listening to a Chat Room in real-time
fun listenToMessages () {
db.collection ("messages")
.orderBy ("timestamp")
.addSnapshotListener { snapshots, e ->
if (e != null) {
Log.w("Firestore", "Listen failed.", e)
return@addSnapshotListener

}

// This block runs AUTOMATICALLY whenever the
database changes
for (doc in snapshots!!) {
val messageText = doc.getString("text")
Log.d("Chat", "New Message: SmessageText")
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C. Crashlytics (Forcing a Crash)

Kotlin

// Hook this up to a hidden button to test if Crashlytics
works
Button (onClick = {

throw RuntimeException ("Test Crash") // Force the app to
die
b o

Text ("Test Crash Report")

}

Common Pitfalls: Where Beginners Get Stuck

1. Security Rules (The ""Open Door"* Mistake)

. The Danger: By default, or during testing, you might set your
database rules to 2110w read, write: if true;.

. The Result: Anyone with the API key (which is public) can
delete your entire database.

. The Fix: Always write rules: allow write: if request.auth !=
null; (Only logged-in users can write).

2. Asynchronous Thinking
. The Mistake:

Kotlin

var name = ""
db.collection ("users") .get () .addOnSuccessListener { name
= "John" }

return name // Returns "" (Empty)

. The Reason: The database call takes time. The code moves to
return before the server replies.
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The Fix: Use Callbacks, Coroutines (await ()), or Flow.

3. Context Leaks with Listeners

The Mistake: Starting a snapshotListener DUt never stopping it
when the user closes the screen.

The Result: The app keeps downloading data in the background,
draining battery and costing you money.

The Fix: Always remove listeners in oncieared () (ViewModel)
Or onDispose (Compose).

Practical Exercise: ""The Global Guestbook"

Task: Create a simple app where anyone can sign in and write a
message on a public wall.

Steps:

1.

2.

Console: Create a new Firebase Project. Enable Authentication
(Email/Password) and Firestore.

Setup: Use the "Firebase Assistant” in Android Studio (Tools ->
Firebase) to connect your app.

. Ul:

o Screen 1: Login (Email/Pass fields + Button).
o Screen 2: Guestbook (LazyColumn of messages +
TextField to add new one).

. Logic:

o On Login success, navigate to Guestbook.

o On Guestbook load, attach a snapshotvistener t0 the
"posts” collection.

o When user types and hits Send,
db.collection ("posts") .add(data).

. Test: Open the app on two different emulators. Type on one;

watch it appear on the other instantly.
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Summary

You have now bridged the gap between a local tool and a global
platform. With Firebase, you can manage users, store cloud data, and
analyze app performance without writing a single line of backend
server code.

This concludes the core technical modules. The final modules will
focus on Quality Assurance (Testing) and the process of releasing
your app to the Google Play Store.
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Module 11: Testing & Optimization

Learning Objectives
By the end of this module, you will master the following:

. Verification: Write Unit Tests to prove your business logic
works correctly.

. Simulation: Mock external dependencies (like Databases) using
MockK.

. Automation: Create Ul Tests that click buttons and type text
automatically using the Compose Test Rule.

. Investigation: Use the Debugger to pause time and inspect
variables.

. Profiling: Analyze Network traffic and CPU usage to find
bottlenecks.

. Stability: Detect and fix Memory Leaks that slow down the
app over time.

. Quality: Enforce code standards using Lint checks.

The "Why"': Why This Matters

Imagine you are building a car.

. Development is building the engine and attaching the wheels.
. Testing is driving it into a wall to see if the airbag deploys.

You cannot sell a car that hasn't been crash-tested. Similarly, you
cannot release an app that hasn't been code-tested.

. Bugs cost money: Fixing a bug in production is 100x more
expensive than fixing it during development.

. Performance is King: If your app takes 5 seconds to open, 50%
of users will uninstall it immediately.

. Refactoring Safety: If you change code later, tests ensure you
didn't break existing features.
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Detailed Theory & Syntax
1. Unit Testing with JUnit and MockK
ELI5 (The Lab Environment):

. Unit Testing: Testing a single component (e.g., a "Calculator"
class) in isolation. You put it in a sterile lab, give it inputs (2 +
2), and check if the output is correct (4).

. Mocking (MockK): The Calculator might need to save data to a
Database. In a test, we don't want to use a real database (it's
slow and messy). So, we create a "Fake" (Mock) database that
just pretends to save data.

The Tools:

. JUnit: The "Runner.” It runs the tests and tells you Pass/Fail.
. MockK: The "Faker." It creates fake objects for dependencies.

2. Ul Testing with Compose Test Rule

The Robot User: Unit tests check logic. Ul Tests check visuals. We
create a software robot. We tell it:

1. "Find the button with text 'Login"."
2. "Click it."
3. "Check if the Error Text appears."

In Compose, we use the composeTestrule 10 find elements (Nodes) on
the screen.

3. Debugging Tools: Breakpoints & Layout Inspector

Breakpoints (Pausing Time): printin ("Here") IS the amateur way to
debug. A Breakpoint is a stop sign you put on a line of code. When
the app hits that line, it freezes. You can then inspect every variable in
memory, see the call stack, and step forward line-by-line.
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Layout Inspector (X-Ray Vision):

This tool lets you see a 3D explosion of your Ul. It helps you find
hidden views, overlapping elements, or unnecessary layouts that are
slowing down rendering.

4. Network Profiler

The Detective: Sometimes your app is slow, but you don't know why.
The Network Profiler shows you a timeline of every API call.

. How long did the request take?
. How big was the file?
. Did the server return a 404?

5. Memory Leaks: Detection using LeakCanary
ELI5 (The Hoarder):

. Garbage Collection (GC): Android has a cleaner (GC) that
comes around and throws away objects you aren't using
anymore to free up RAM.

. Memory Leak: You accidentally hold onto an object (like an
Activity) even after the user closes the screen. The GC cannot
throw it away because you are holding it.

. Result: The app eats more and more RAM until it crashes
(OutOfMemoryError).

LeakCanary: A library that detects these leaks during testing and
sends you a notification: "Hey! You leaked 5SMB of memory here!"

6. App Startup Optimization
Cold Start vs. Hot Start:

. Cold Start: The user opens the app after a reboot. The system
has to load everything from scratch. This is slow.

. Optimization: We use tools like Baseline Profiles to pre-
compile critical code so the app launches faster.
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Code Examples

A. Unit Test with MockK

The Scenario: Testing a LoginviewModel. We want to ensure that if
the login succeeds, the isLoggedin State becomes true.

Kotlin

class LoginViewModelTest {

// 1. Create the Mock (The Fake Repository)

// "relaxed = true" means return default values if we
forget to specify behavior

private val repository = mockk<UserRepository>(relaxed =
true)

// 2. Create the System Under Test (SUT)
private lateinit var viewModel: LoginViewModel

@Before // Runs before every test

fun setup() {
viewModel = LoginViewModel (repository)
}
@Test
fun "when login is successful, state should be true () {
// GIVEN: Tell the mock how to behave
// "When repo.login() is called, return true"
every { repository.login("user", "pass") } returns
true

// WHEN: Perform the action
viewModel .performLogin ("user", "pass")

// THEN: Verify the result (Assertion)
assert (viewModel.isLoggedIn.value == true)

// VERIFY: Check if the repository function was
actually called
verify { repository.login("user", "pass") }

}

B. Ul Test (Compose)
Kotlin

class LoginScreenTest {
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@get:Rule
val composeTestRule = createComposeRule ()

@Test
fun myTest () {
// 1. Load the UI content
composeTestRule.setContent {
LoginScreen ()

}

// 2. Find the TextField and type "Hello"
composeTestRule.onNodeWithText ("Username")
.performTextInput ("Hello")

// 3. Find the Button and Click it
composeTestRule.onNodeWithText ("Login")
.performClick ()

// 4. Assert that the Success Message exists
composeTestRule.onNodeWithText ("Success")
.assertIsDisplayed()

Common Pitfalls: Where Beginners Get Stuck

1. Testing ""Implementation™ instead of "'Behavior"

. Mistake: Testing how the calculator adds (checking private
variables).

. Fix: Test what the calculator returns (Public output). If you
refactor the internal code, the test should still pass.

2. The ""Works on My Machine™ Syndrome

. Mistake: Relying on a fast network or specific database data for
tests.

. Fix: Tests must be Hermetic (Isolated). Always Mock the
network. Never call a real API in a Unit Test.
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3. Ignoring LeakCanary Notifications

. Mistake: Installing LeakCanary but ignoring the notifications
because "the app works fine."

. Reality: A small leak becomes a crash after 30 minutes of usage.
Fix leaks immediately.

Practical Exercise: ""The Bug Hunter"

Task: You have a function isValidPassword (password: String):

Boolean.

. Rule 1: Must be at least 6 characters.
. Rule 2: Must contain at least one number.

Your Goal: Write Unit Tests to break it.
Steps:

1. Create a standard Kotlin class validator.

2. Add the junit dependency to build.gradle.
3. Create a Test class validatorTest.

4. Write test cases:

o password too short returns false
o password no number returns false
o valid password returns true

o empty password returns false

5. Run the tests. If the Green Checkmark appears, your logic is
bulletproof.
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Summary

You have moved from "Coding" to "Engineering."

Unit Tests ensure your logic is correct.

Ul Tests ensure your screens work.

LeakCanary ensures your app doesn't crash from memory
usage.

The Debugger allows you to perform surgery on running code.

A Junior Developer writes code. A Senior Developer writes code and
the tests to prove it works.

In the final module, we will prepare your optimized, tested
application for release to the Google Play Store.

%‘. Tech WWW.gotechafrica.com

Africa



Module 12: Publishing & Career Prep

Learning Objectives
By the end of this module, you will master the following:

. Security: Cryptographically sign your application and secure
your source code using R8/ProGuard.

. Release Management: Manage version codes and deploy apps
to Google Play using Alpha/Beta testing tracks.

. Marketing: Create high-converting Store Listings with
professional screenshots and ASO (App Store Optimization).

. Personal Branding: Optimize your GitHub portfolio to attract
recruiters.

. Interviewing: Master the specific System Design and
Algorithm questions asked in Android interviews.

. Resume Strategy: Position your bootcamp projects as
professional experience.

The ""Why"': Why This Matters

Writing code is only 50% of the job. The other 50% is getting that
code into the hands of users—and getting hired to do it again.

. The Store: The Google Play Store is a strict gatekeeper. If you
don't follow their rules (Versioning, Target SDKSs, Privacy
Policies), your app gets rejected.

. The Job Market: Recruiters spend average 6 seconds looking
at a resume. If you list "Calculator App" alongside "Clean
Architecture™ and "Coroutines," you look like a student. If you
position "UrbanFix" as a "Real-time Service Marketplace with
Clean Architecture,” you look like an Engineer.
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Detailed Theory & Syntax
1. App Signing, Versioning, and ProGuard/R8

A. App Signing (The Digital Seal) Android requires every app to be
signed with a digital certificate. This ensures that updates come from
the original author.

. Debug Key: Android Studio generates this automatically for
testing.

. Release Key (Keystore): You create this manually.
WARNING: If you lose this key, you can never update your
app again. You will have to delete the app and create a new one
with 0 downloads.

B. Versioning In your build.gradie file:

. versionCode (Integer): Internal use. Must increase by +1 for
every update (1, 2, 3...).
e versionName (Strlng) Public dlsplay (100, 215)

C. ProGuard / R8 (Obfuscation) When you compile code, it's easy
to reverse-engineer. R8 (Google's version of ProGuard) does two
things:

1. Shrinking: Removes unused code to make the app size smaller.
2. Obfuscation: Renames your classes from userrepository t0
a.b.c. This makes it impossible for hackers to read your logic.

2. Google Play Console: Tracks & Rollouts

The Testing Tracks: You don't just dump code into Production. You
move through stages:

1. Internal Testing: For your own team (Instant availability).

2. Closed Testing (Alpha): For a specific list of emails (e.g., 50
friends).

3. Open Testing (Beta): Anyone can join via a link on the Store,
but they can't leave public reviews.

4. Production: The live store.
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Phased Rollouts: Big companies never release to 100% of users at
once. They release to 10% first. If Crashlytics shows stability, they
increase to 20%, then 50%, then 100%.

3. GitHub Profile Optimization

Recruiters look at your GitHub. An empty profile suggests you don't
code outside of work/school. The README.md: Every project
MUST have a README. It is the "Landing Page" for your code.

. Bad: "This is my project."
. Good: Screenshots, list of features, Tech Stack used (Hilt,
Retrofit, Compose), and "How to Run."

4. Technical Interview Prep

A. Android System Design Question: "Design WhatsApp." Answer
Strategy: Don't just talk about Ul. Talk about: * Data: Local
Database (Room) for offline message history. * Sync: WebSocket or
FCM for real-time delivery. * Image Handling: Caching strategy
using Coil/Glide.

B. Whiteboard Coding You will likely be asked to solve a logic
puzzle on a whiteboard (or Zoom).

. Common Topics: Arrays, HashMaps, String manipulation.
. Language: Use Kaotlin! Its standard library (fi1ter, map,
distinct) makes these problems much easier than in Java.
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Code Examples
A. Configuring Release Build (build.gradle)

Kotlin
android {
defaultConfig {

applicationId "com.example.urbanfix"
minSdk 24
targetSdk 34
versionCode 1 // Increase this for every update
versionName "1.0"

}

buildTypes {
release {
// Enables R8 code shrinking and obfuscation
isMinifyEnabled = true
isShrinkResources = true
// Rules to prevent R8 from breaking specific
libraries
proguardFiles (
getDefaultProguardFile ("proguard-android-
optimize.txt"),
"proguard-rules.pro"

)

B. A Professional README Structure (Markdown)

Markdown
# UrbanFix - Service Marketplace %[

UrbanFix is a native Android application connecting homeowners
with local service providers.

## B Screenshots
[Insert 3 screenshots side-by-side here]

## X Tech Stack

- **Language:** Kotlin (100%)

- **UI:** Jetpack Compose (Material 3)

- **Architecture:** MVVM + Clean Architecture
- **DI:** Hilt (Dagger)

- **Network:** Retrofit + OkHttp

- **Local Data:** Room Database
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- **Async:** Coroutines + Flow

##+ W Key Features

- Real-time job bidding using Firebase Firestore.
- Offline-first support.

- Dark Mode support.

C. Common Interview Algorithm (Two Sum)

Question: "Given an array of integers, find two numbers that add up
to a specific target."”

Kotlin

fun twoSum(nums: IntArray, target: Int): IntArray {
// HashMap to store value -> index
val map = HashMap<Int, Int>()

for (i in nums.indices) {
val compliment = target - nums/[i]

// If we saw the needed number before, we found the
pair
if (map.containsKey (compliment)) {
return intArrayOf (map[compliment]!!, i)

}

// Otherwise, save current number and index
map [nums[1i]] = 1
}

throw IllegalArgumentException ("No solution found")

Common Pitfalls: Where Beginners Get Stuck
1. Losing the Keystore

. The Disaster: You formatted your laptop and lost the . 5«xs file.

. The Result: You cannot update your app on the Play Store. You
must create a new app package (com.example.app2) and lose all
your users.

. The Fix: Enable Play App Signing in the Google Console. This
lets Google manage the key for you.
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2. R8 Crashing the App

The Error: App works in Debug mode but crashes in Release
mode with ClassNotFoundException.

The Cause: R8 renamed a class that a library (like Gson) was
trying to find by name.

The Fix: Add a exeep annotation to the data class or add a rule

to proguard-rules.pro.

3. "Tutorial Hell"* Resumes

The Mistake: Listing "Weather App" or "Calculator” on your
resume.

The Reality: Recruiters see 1,000 of these. They assume you just
copied a YouTube video.

The Fix: List your Capstone Project. Give it a unique name.
Describe the architecture, not just the features.

Practical Exercise: ""The Release Candidate'"

Task: Generate a signed App Bundle (.aab) ready for the store.

Steps:

1.

2.
3.

o

Clean Code: Run Inspect Code (Lint) in Android Studio and
fix all yellow warnings.

Generate Key: Go to Build -> Generate Signed Bundle / APK.
Create Keystore: Select "Android App Bundle." Click "Create
New." Choose a secure password and save the .-xs file in a safe
folder (NOT inside the project folder if you use public Git).
Build: Select "Release" and finish.

. Verify: Locate the .aab file in the reiease folder. This is the file

you would upload to Google Play.
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Summary
Congratulations. You have reached the end of the syllabus.

You started by printing "Hello World" in the console. You are now
finishing with a Signed, Obfuscated, Architected, and Tested
application ready for the global market.

You possess the Modern Android Stack: Kotlin, Compose, Hilt,
Coroutines, and Room. These are the exact tools used by teams at
Google, Uber, and Square.

Your Next Step: Do not just read this syllabus. Build the Capstone
Project. That project is your ticket to your first job. Good luck,
Engineer.
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