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Learning Android

As a beginning Android programmer, you face a steep learning curve. Learning Android is like moving
to a foreign city: Even if you speak the language, it will not feel like home at first. Everyone around
you seems to understand things that you are missing. Things you already knew turn out to be dead
wrong in this new context.

Android has a culture. That culture speaks Kotlin or Java (or a bit of both), but knowing Kotlin or Java
is not enough. Getting your head around Android requires learning many new ideas and techniques. It
helps to have a guide through unfamiliar territory.

That is where we come in. At Big Nerd Ranch, we believe that to be an Android programmer, you
must:

* write Android applications
* understand what you are writing

This guide will help you do both. We have trained thousands of professional Android programmers
using it. We will lead you through writing several Android applications, introducing concepts and
techniques as needed. When there are rough spots, or when some things are tricky or obscure, you will
face them head on, and we will do our best to explain why things are the way they are.

This approach allows you to put what you have learned into practice in a working app right away
rather than learning a lot of theory and then having to figure out how to apply it all later. You will
come away with the experience and understanding you need to get going as an Android developer.

Prerequisites

To use this book, you need to be familiar with Kotlin, including classes and objects, interfaces,
listeners, packages, inner classes, object expressions, and generic classes.

If these concepts do not ring a bell, you will be in the weeds by page 2. Start instead with an
introductory Kotlin book and return to this book afterward. There are many excellent introductory
books available, so you can choose one based on your programming experience and learning style.
May we recommend Kotlin Programming: The Big Nerd Ranch Guide?

If you are comfortable with object-oriented programming concepts, but your Kotlin is a little shaky,
you will probably be OK. We will provide some brief explanations about Kotlin specifics throughout
the book. But keep a Kotlin reference handy in case you need more support.

What’s New in the Fifth Edition?

The last edition of Android Programming: The Big Nerd Ranch Guide was released in October 2019.
A lot has changed since then.

In 2019, reactive programming was gaining popularity as a way to architect Android code into
maintainable and extensible structures. With the release of Jetpack Compose in 2021, Google poured
gasoline onto that flame, supercharging the reactive programming movement. Reactive programming
and Jetpack Compose’s declarative framework fit together seamlessly and provide an excellent
foundation to build modern Android apps.
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Jetpack Compose is the future of Android development, and the fifth edition of this book is intended
to prepare readers for that future. In addition to four new chapters introducing readers to Jetpack
Compose, changes throughout the book are intended to ease the transition from developing apps

with Android’s existing UI toolkit to developing apps with Jetpack Compose. For example, there are
many ways to write asynchronous code on Android, but this book exclusively uses Kotlin coroutines
to perform asynchronous operations. Coroutines are baked directly into Jetpack Compose’s API

as well as being excellent tools to interact with UI written with Android’s existing Ul toolkit. We
also reworked many of our projects to follow the unidirectional data flow architecture pattern. The
unidirectional data flow pattern is essential to building apps with Jetpack Compose — and it also helps
organize code when building apps with Android’s existing UI toolkit.

Other changes in this fifth edition go beyond Jetpack Compose. For example, testing is an integral part
of building modern Android apps, and we have rewritten the content around testing from the ground
up with practical examples. Also, to reflect how modern Android applications are developed, this
book now leans on libraries from Google and third parties. Apps in this book now use the Navigation
component library to manage navigation between screens and libraries like Retrofit, Moshi, and Coil —
as well as the Jetpack libraries — to handle other core features. We use libraries like these daily in our
lives as Android developers.

For the second printing of this edition, we addressed some typos in Chapter 9, including the name of
the variable used to inflate Fragment layouts. Also, in Chapter 17, we changed an argument passed to
the createIntent function in Listing 17.12 from null to an empty Uri. Passing null works with certain
versions of the Jetpack libraries, but is technically incorrect and causes crashes with newer library
versions. The createIntent function needs some non-null input, even if the input is not used for any
functionality.

Kotlin vs Java

Official support for Kotlin for Android development was announced at Google I/O in 2017. Before
that, there was an underground movement of Android developers using Kotlin even though it was
not officially supported. Since 2017, Kotlin has become widely adopted, and it is most developers’
preferred language for Android development. At Big Nerd Ranch, we use Kotlin for all our app
development projects — even legacy projects that are mostly Java.

In the years following Google’s announcement, Kotlin has become even more essential as a tool in the
modern Android developer’s toolbox. Going beyond mere compatibility with the existing platform,
there are now tools and features on the Android platform that can only be used with Kotlin — including
Jetpack Compose. You cannot write apps in Jetpack Compose with Java.

The Android framework was originally written in Java. This means most of the Android classes you
interact with are Java. Luckily, Kotlin is interoperable with Java, so you should not run into any issues.

But even though you can still write apps in Java, the future of Android as a platform is with Kotlin.
Google and the entire Android developer ecosystem are investing heavily into making Kotlin
development easier and more useful on Android. It is not a fad, and it is not going away. Join the party;
we think it is quite nice here.
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How to Use This Book

This book is not a reference book. Its goal is to get you over the initial hump to where you can get
the most out of the reference and recipe books available. It is based on our five-day class at Big Nerd
Ranch. As such, it is meant to be worked through from the beginning. Chapters build on each other,
and skipping around is unproductive.

In our classes, students work through these materials, but they also benefit from the right environment
— a dedicated classroom, good food and comfortable board, a group of motivated peers, and an
instructor to answer questions.

As a reader, you want your environment to be similar. That means getting a good night’s rest and
finding a quiet place to work. These things can help, too:

 Start a reading group with your friends or coworkers.
» Arrange to have blocks of focused time to work on chapters.
* Participate in the forum for this book at forums.bignerdranch.com.

* Find someone who knows Android to help you out.

How This Book Is Organized

As you work through this book, you will write six Android apps. A couple are very simple and take
only a chapter to create. Others are more complex. The longest app spans 11 chapters. All are designed
to teach you important concepts and techniques and give you direct experience using them.

GeoQuiz In your first app, you will explore the fundamentals of Android projects,
activities, layouts, and explicit intents. You will also learn how to handle
configuration changes seamlessly.

Criminallntent The largest app in the book, Criminallntent lets you keep a record of your
colleagues’ lapses around the office. You will learn to use fragments, list-
backed interfaces, databases, menus, the camera, implicit intents, and more.

PhotoGallery A Flickr client that downloads and displays photos from Flickr’s public feed,
this app will take you through scheduling background work, multi-threading,
accessing web services, and more.

DragAndDraw In this simple drawing app, you will learn about handling touch events and
creating custom views.

Sunset In this toy app, you will create a beautiful representation of a sunset over
open water while learning about animations.

Coda Pizza This app will introduce you to Jetpack Compose, the newest way to create
Android Uls. You will learn how to manage application state and how to use
the declarative framework to describe how your UI should render itself.
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Challenges

Most chapters have a section at the end with exercises for you to work through. This is your
opportunity to use what you have learned, explore the documentation, and do some problem-solving on
your own. We strongly recommend that you do the challenges. Going off the beaten path and finding
your way will solidify your learning and give you confidence with your own projects. If you get lost,
you can always visit forums.bignerdranch. com for some assistance.

Are you more curious?

Many chapters also have a section at the end labeled “For the More Curious.” These sections offer
deeper explanations or additional information about topics presented in the chapter. The information in
these sections is not absolutely essential, but we hope you will find it interesting and useful.

Typographical Conventions

All code and XML listings are in a fixed-width font. Code or XML that you need to type in is always
bold. Code or XML that should be deleted is struck through. For example, in the following function
implementation, you are deleting the call to Toast.makeText(..) .show() and adding the call to
checkAnswer(true).

trueButton.setOnClickListener { view: View —>

checkAnswer (true)

Android Versions

This book teaches Android development for the versions of Android in wide use at the time of writing.
For this edition, that is Android 7.0 Nougat (N, API level 24) — Android 12L (Sv2, API level 32). That
being said, since Google has invested heavily in providing backward-compatible solutions for Android,
most of the code in this book will still work on older versions of Android — often supporting versions
as old as Android 5.0 Lollipop (L, API level 21).

While there is still limited use of older versions of Android, we find that for many developers the
amount of effort required to support those versions is not worth the reward. You will learn more about
Android versions and how to pick the right version for your application in Chapter 8.

As new versions of Android and Android Studio are released, the techniques you learn in this book will
continue to work, thanks to Android’s backward compatibility support (discussed in Chapter 8). We
will keep track of changes at forums.bignerdranch.com and offer notes on using this book with the
latest versions. We may also make minor changes to this book in subsequent printings to account for
any changes, such as updating screenshots or button names.
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The Necessary Tools

To get started with this book, you will need Android Studio. Android Studio is an integrated
development environment used for Android development that is based on the popular IntelliJ IDEA.

An install of Android Studio includes:

Android SDK
the latest version of the Android SDK

Android SDK tools and platform tools

tools for debugging and testing your apps

A system image for the Android emulator

a tool for creating and testing your apps on different virtual devices

As of this writing, Android Studio is under active development and is frequently updated. Be aware
that you may find differences between your version of Android Studio and what you see in this book.
Visit forums.bignerdranch. com for help with these differences.

Downloading and Installing Android Studio

Android Studio is available from Android’s developer site at developer.android.com/studio. It
includes everything you need to build and run Android applications, including a built-in installation of
the Java Development Kit.

If you want to build and compile Android apps from somewhere outside Android Studio, such as from
the command line, you need to have a local installation of the Java Development Kit. The latest version
of the Android Gradle plugin, which is the tool that builds and compiles Android apps, requires Java
11. More recent versions of the Java Development Kit should also work just fine. If you are having
problems, return to developer.android.com/studio for more information.

Downloading Earlier SDK Versions

Android Studio provides the SDK and the emulator system image from the latest platform. However,
you may want to test your apps on earlier versions of Android.

You can get components for each platform using the Android SDK Manager. In Android Studio, select
Tools = SDK Manager. (You will only see the Tools menu if you have a project open. If you have not
created a project yet, you can instead access the SDK Manager from the Android Welcome dialog.
Click the three-dot overflow menu in the dialog’s toolbar and select SDK Manager.)
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The SDK Manager is shown in Figure 1.

Figure 1 Android SDK Manager

Select and install each version of Android that you want to test with. Note that downloading these
components may take a while.

The Android SDK Manager is also how you can get Android’s latest releases, like a new platform or an
update of the tools.

A Hardware Device

The emulator is useful for testing apps. However, it is no substitute for an actual Android device when
measuring performance. If you have a hardware device, we recommend using it at times when working
through this book. You will learn how to connect your device in Chapter 2.
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Your First Android Application

This first chapter is full of the new concepts and moving parts required to build an Android application.
It is OK if you do not understand everything by the end of this chapter. You will be revisiting these
ideas in greater detail as you proceed through the book.

The application you are going to create is called GeoQuiz. GeoQuiz tests the user’s knowledge of
geography. The user presses TRUE or FALSE to answer the question onscreen, and GeoQuiz provides
instant feedback.
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Figure 1.1 shows the result of a user pressing the TRUE button.

Figure 1.1 Do you come from a land down under?
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App Basics

App Basics

Your GeoQuiz application will consist of an activity and a layout:

* An activity is an instance of Activity, a class in the Android SDK. An activity is an entry
point into your application and is responsible for managing user interaction with a screen of
information.

You write subclasses of Activity to implement the functionality your app requires. A simple
application may need only one subclass; a complex application may have many.

GeoQuiz is a simple app and will start off with a single Activity subclass named MainActivity.
MainActivity will manage the user interface, or UI, shown in Figure 1.1.

* A layout defines a set of UI objects and the objects’ positions on the screen. A layout is made up
of definitions written in XML. Each definition is used to create an object that appears onscreen,
like a button or some text.

GeoQuiz will include a layout file named activity_main.xml. The XML in this file will define
the UI shown in Figure 1.1.

With those ideas in mind, let’s build an app.
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Creating an Android Project

The first step is to create an Android project. An Android project contains the files that make up an
application. To create a new project, first open Android Studio.

If this is your first time running Android Studio, you should see the Welcome dialog, as in Figure 1.2.
If this is not the first time you have opened Android Studio since installing it, you may be brought
directly to the last project you had open. To get back to the Welcome screen, close the project using
File = Close Project.

Figure 1.2 Welcome to Android Studio
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From the welcome screen, you can create your first Android Studio project. A quick disclaimer: We
have written these instructions for Android Studio 2021.1.1 Patch 2 (Bumblebee). As Android Studio
updates, the steps to create a project tend to change slightly (and sometimes they change a lot). Google
often tweaks the New Project wizard and the templates it uses to generate new projects.

If you are using a newer version of Android Studio and are finding that these steps no longer match the
latest wizards, check out our forums at forums.bignerdranch.com. We will post updates if there are
different steps you need to follow to create your projects.
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Creating an Android Project

Now, back to business. In the Welcome dialog, choose New Project. If you do not see the dialog,
choose File = New — New Project....

Welcome to the New Project wizard (Figure 1.3). Make sure Phone and Tablet is selected on the left.
Pick Empty Activity and click Next.

Figure 1.3 Choosing a project template

You should now see a dialog with fields for various project settings (Figure 1.4). Enter GeoQuiz as
the application name. For the package name, enter com.bignerdranch.android.geoquiz. For the project
location, use any location on your filesystem that you want.
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Select Kotlin from the Language drop-down menu. Last, select a Minimum SDK of API 24: Android 7.0
(Nougat). You will learn about the different versions of Android in Chapter 8. Your screen should look
like Figure 1.4.

Figure 1.4 Configuring your new project
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Notice that the package name uses a “reverse DNS” convention: The domain name of your
organization is reversed and suffixed with further identifiers. This convention keeps package names
unique and distinguishes applications from each other on a device and in the Google Play Store.

Selecting Kotlin as the language tells Android Studio to include the dependencies necessary to write
and build Kotlin code for your app. In the early years of Android development, Java was the only
officially supported development language. But since 2017, the Android team has officially supported
Kotlin for Android development. These days, Kotlin is preferred by most developers, ourselves
included, which is why this book uses Kotlin.

At this point, most of the Android platform is still in Java, and you can still choose to use Java in

your projects outside of this book — but we do not recommend it for most projects. Most of the
Android concepts and content you will learn here will still be applicable, but there are certain tools and
libraries that only support Kotlin — such as Jetpack Compose, which you will learn about beginning in
Chapter 26.

Click Finish. Android Studio will create and open your new project.
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Navigating in Android Studio

Android Studio opens your project in a window like the one shown in Figure 1.5. If you have launched
Android Studio before, your window configuration might look a little different.

Figure 1.5 A fresh project window

The different panes of the project window are called fool windows.

The lefthand view is the project tool window. From here, you can view and manage the files associated
with your project.

By default, Android Studio displays the Android project view in the project tool window. This view
hides the true directory structure of your Android project so that you can focus on the files and folders
that you need most often. To see the files and folders in your project as they actually are, locate the
dropdown at the top of the project tool window and click to expand it. Select the Project view to see the
difference (Figure 1.6).

Figure 1.6 Project tool window: Android view vs Project view
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Feel free to use the Project view if it feels more natural to you, but throughout this book, we will use
the Android view.

The view across the bottom of Android Studio is the build tool window. Here you can view details
about the compilation process and the status of the build. When you created the project, Android
Studio automatically built it. You should see in the build tool window that the process completed
successfully. (If the build tool window did not open automatically, do not worry.)

On the righthand side of Android Studio, you might see the assistant tool window (shown in
Figure 1.5). This view tells you about new features in Android Studio. If it is open, close it by clicking
the hide button, which has a horizontal bar icon, in the top-right corner.

Android Studio automatically opens the files activity_main.xml and MainActivity.kt in

the main view, called the editor tool window or just the editor (Figure 1.7). (If the editor is

not visible or MainActivity.kt is not open, click the disclosure arrows to expand app/java/
com.bignerdranch.android.geoquiz/ in the project tool window. Double-click MainActivity.kt to
open the file.)

Figure 1.7 Editor engaged
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Notice the Activity suffix on the class name. This is not required, but it is an excellent convention to
follow.

You can toggle the visibility of the various tool windows by clicking their names in the strips of tool
window bars on the left, right, and bottom of the screen. There are keyboard shortcuts for many of
these as well. If you do not see the tool window bars, click the gray square button in the lower-left
corner of the main window or choose View = Appearance — Tool Window Bars. Tool windows and
other panes can also be closed by clicking the hide button in their top-right corner.
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Laying Out the Ul

Click the editor tab for the layout file, activity_main.xml. This will open the layout editor in the
editor tool window (Figure 1.8). (If you do not see a tab for activity_main.xml, click the disclosure
arrows to expand app/res/layout/ in the project tool window. Double-click activity_main.xml

to open the file. If activity_main.xml opens but shows XML instead of the layout editor, click the
Design tab near the top-right corner of the editor tool window.)

Figure 1.8 Layout editor

By convention, a layout file is named based on the activity it is associated with: Its name begins

with activity_, and the rest of the activity name follows in all lowercase, using underscores

to separate words (a style called “snake_case”). So, for example, your layout file’s name is
activity_main.xml, and the layout file for an activity called SplashScreenActivity would be named
activity_splash_screen. This naming style is recommended for layouts as well as other resources
that you will learn about later.

The layout editor shows a graphical preview of the file. Select the Code tab at the top right to see the
backing XML.
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Currently, activity_main.xml holds the default activity layout template. The template changes
frequently, but the XML will look something like this:

<?xml version="1.0" encoding="utf-8"7>

<androidx.constraintlayout.widget.ConstraintLayout
xmlns:android="http://schemas.android.com/apk/res/android"
xmlns:tools="http://schemas.android.com/tools"
xmlns:app="http://schemas.android.com/apk/res—auto"
android: layout_width="match_parent"
android: layout_height="match_parent"
tools:context=".MainActivity">

<TextView
android: layout_width="wrap_content"
android: layout_height="wrap_content"
android:text="Hello World!"
app: layout_constraintBottom_toBottomOf="parent"
app: layout_constraintLeft_toLeftOf="parent"
app: layout_constraintRight_toRightOf="parent"
app: layout_constraintTop_toTopOf="parent"/>

</androidx.constraintlayout.widget.ConstraintLayout>

The default activity layout defines two Views: a ConstraintLayout and a TextView.

For most of this book, views will be the building blocks you will use to create a Ul (Starting in
Chapter 26, you will see a new way to create Uls.) Some views show text. Some views show graphics.
Others, like buttons, do things when touched. (You will sometimes see views that the user can see or
interact with called “widgets,” but we prefer to call them all “views.”)

The Android SDK includes many views that you can configure to get the appearance and behavior you
want. Each is an instance of the View class or one of its subclasses (such as TextView or Button).

Something has to tell the views where they belong onscreen. A ViewGroup is a kind of View that
contains and arranges other views. A ViewGroup does not display content itself. Rather, it orchestrates
where other views’ content is displayed. ViewGroups are often referred to as “layouts.”

In the default activity layout, ConstraintLayout is the ViewGroup responsible for laying out its sole
child, a TextView. You will learn more about layouts and views and about using ConstraintLayout in
Chapter 11.
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Laying Out the Ul

Figure 1.9 shows how the ConstraintLayout and TextView defined in the default XML would appear
onscreen.

Figure 1.9 Default views as seen onscreen

But these are not the views you are looking for. The interface for MainActivity requires five views:
¢ avertical LinearLayout
* aTextView
¢ ahorizontal LinearLayout

* two Buttons

11



Chapter 1 Your First Android Application

Figure 1.10 shows how these views compose MainActivity’s interface.

Figure 1.10 Planned views as seen onscreen

Now you need to define these views in your layout XML. Edit the text contents of activity_main.xml
to match Listing 1.1. The XML that you need to delete is struck through, and the XML that you need to
add is in bold font. This is the pattern we will use throughout this book.

Do not worry about understanding what you are typing; you will learn how it works next. However, do
be careful. Layout XML is not validated, and typos will cause problems sooner or later.

You will see that the three android: text values are red, indicating that there is a problem with them.
Ignore these errors for now; you will fix them soon.
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Listing 1.1 Defining views in XML (res/layout/activity_main.xml)

<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"
android:layout_width="match_parent"
android:layout_height="match_parent"
android:gravity="center"
android:orientation="vertical">

<TextView
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:padding="24dp"
android:text="@string/question_text" />

<LinearLayout
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:orientation="horizontal">

<Button
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:text="@string/true_button" />

<Button
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:text="@string/false_button" />
</LinearLayout>

</LinearlLayout>

Compare your XML with the UI shown in Figure 1.10. Every view has a corresponding XML element,
and the name of the element is the type of the view.
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Each element has a set of XML attributes. Each attribute is an instruction about how the view should
be configured.

To understand how the elements and attributes work, it helps to look at the layout from a hierarchical
perspective.

The view hierarchy

Your views exist in a hierarchy of View objects called the view hierarchy. Figure 1.11 shows the view
hierarchy that corresponds to the XML in Listing 1.1.

Figure 1.11 Hierarchical layout of views and attributes

The root element of this layout’s view hierarchy is a LinearLayout. As the root element, the
LinearLayout must specify the Android resource XML namespace at http://schemas.android.com/
apk/res/android.

LinearLayout inherits from ViewGroup, which, as we said earlier, is a subclass of View that contains
and arranges other views. You use a LinearLayout when you want views arranged in a single
column or row. Other ViewGroup subclasses that you will meet later include ConstraintLayout and
FrameLayout.

When a view is contained by a ViewGroup, that view is said to be a child of the ViewGroup. The root
LinearLayout has two children: a TextView and another LinearLayout. The child LinearLayout has
two Button children of its own.
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View attributes

Let’s go over some of the attributes you used to configure your views.

android:layout_width and android:layout_height

The android: layout_width and android: layout_height attributes are required for almost every type
of view. The most common values for these attributes are either match_parent or wrap_content. They
behave the following ways:

match_parent view will be as big as its parent
wrap_content view will be as big as its contents require

For the root LinearLayout, the value of both the height and width attributes is match_parent. The
LinearLayout is the root element, but it still has a parent — the view that Android provides for your
app’s view hierarchy to live in.

The other views in your layout have their widths and heights set to wrap_content. You can see in
Figure 1.10 how this determines their sizes.

The TextView is slightly larger than the text it contains due to its android: padding="24dp" attribute.
This attribute tells the view to add the specified amount of space to its contents when determining its
size. You are using it to get a little breathing room between the question and the buttons. (Wondering
about the dp units? These are density-independent pixels, which you will learn about in Chapter 11.)

android:orientation

The android:orientation attribute on the two LinearLayout views determines whether their children
will appear vertically or horizontally. The root LinearLayout is vertical; its child LinearLayout is
horizontal.

The order in which children are defined determines the order they appear onscreen. In a vertical
LinearLayout, the first child defined will appear topmost. In a horizontal LinearLayout, the first child
defined will be leftmost. (Unless the device is set to a language that runs right to left, such as Arabic or
Hebrew. In that case, the first child will be rightmost.)

android:text

The TextView and Button views have android: text attributes. This attribute tells the view what text
to display.

Notice that the values of these attributes are not literal strings. They are references to string resources,

as denoted by the @string/ syntax.

A string resource is a string that lives in a separate XML file called a strings file. You can give a view
a hardcoded string, like android: text="True", but it is usually not a good idea. Placing strings into
a separate file and then referencing them is better because it makes localization (which you will learn
about in Chapter 18) easy.

The string resources you are referencing in activity_main.xml do not exist yet, which is why you
have errors in your project. Let’s fix that.
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Creating string resources

Every project includes a default strings file named res/values/strings.xml. Expand res/values in
the project tool window to locate this file, then double-click its name to open it.

The template has already added one string resource for you. Add the three new strings that your layout
requires.

Listing 1.2 Adding string resources (res/values/strings.xml)

<resources>
<string name="app_name">GeoQuiz</string>
<string name="question_text">Canberra is the capital of Australia.</string>
<string name="true_button">True</string>
<string name="false_button">False</string>

</resources>

(Depending on your version of Android Studio, you may have additional strings. Do not delete them.
Deleting them could cause cascading errors in other files.)

Now, when you refer to @string/false_button in any XML file in the GeoQuiz project, you will get
the literal string “False” at runtime.

The errors in activity_main.xml about the missing string resources should now be gone. (If you still
have errors, check both files for typos.)

Although the default strings file is named strings.xml, you can name a strings file anything you want.
You can also have multiple strings files in a project. As long as the file is located in res/values/, has a
resources root element, and contains child string elements, your strings will be found and used.
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Previewing the layout

Your layout is now complete. Switch back to activity_main.xml and preview the layout in the design
view by clicking the Design tab near the top-right corner of the editor (Figure 1.12).

Figure 1.12 Previewing activity_main.xml in the design view

Figure 1.12 shows the two kinds of preview available. You can select from the preview types using a
menu that drops down from the blue diamond button leftmost in the top toolbar. You can show either
kind of preview individually or both together, as shown here.

The preview on the left is the Design preview. This shows how the layout would look on a device,
including theming.
The preview on the right is the Blueprint preview. This preview focuses on the size of views and the

relationships between them.

The design view also allows you to see how your layout looks on different device configurations. At
the top of the preview window, you can specify the type of device, the version of Android to simulate,
the device theme, and the locale to use when rendering your layout. You can even rotate the preview to
see how a layout looks in landscape or pretend your current locale uses right-to-left text.
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In addition to previewing, you can also build your layouts using the layout editor. In the top left of
the design view, there is a palette that contains all the built-in views (Figure 1.13). You can drag these
views from the palette and drop them into your view. You can also drop them into the component tree
in the bottom left to have more control over where the view is placed.

Figure 1.13 shows the preview with layout decorations — the device status bar, app bar with GeoQuiz
label, and virtual device button bar. To see these decorations, click the eye-shaped button in the toolbar
just above the preview and select Show System UI.

Figure 1.13 Layout editor

You will find this graphical editor especially valuable when working with ConstraintLayout, as you
will see in Chapter 11.
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From Layout XML to View Objects

How do XML elements in activity_main.xml become View objects? The answer starts in the
MainActivity class.

When you created the GeoQuiz project, a subclass of Activity named MainActivity was created for
you. The class file for MainActivity is in the app/java directory of your project.

A quick aside about the directory name before we get into how layouts become views: This directory
is called java because Android originally supported only Java code. In your project, because you
configured it to use Kotlin (and Kotlin is fully interoperable with Java), the java directory is where
the Kotlin code lives. You could create a kot lin directory and place your Kotlin files there, but that
would provide no real benefits and requires additional configuration, so most developers just place
their Kotlin files in the java directory.

Return to the MainActivity.kt file and take a look at its contents:
package com.bignerdranch.android.geoquiz

import androidx.appcompat.app.AppCompatActivity
import android.os.Bundle

class MainActivity : AppCompatActivity() {
override fun onCreate(savedInstanceState: Bundle?) {

super.onCreate(savedInstanceState)
setContentView(R.layout.activity_main)

}

(Wondering what AppCompatActivity is? It is a subclass of Android’s Activity class that
provides compatibility support for older versions of Android. You will learn much more about
AppCompatActivity in Chapter 15.)

If you are not seeing all of the import statements, click the ... next to the word import to reveal them.
This file has one Activity function: onCreate(Bundle?).

The onCreate(Bundle?) function is called when an instance of the activity subclass is created.
When an activity is created, it needs a Ul to manage. To give the activity its UL, you call
Activity.setContentView(layoutResID: Int).

This function inflates a layout and puts it onscreen. When a layout is inflated, each view in the layout
file is instantiated as defined by its attributes. You specify which layout to inflate by passing in the
layout’s resource ID.
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Resources and resource IDs

A layout is a resource. A resource is a piece of your application that is not code — things like image
files, audio files, and XML files.

Resources for your project live in a subdirectory of the app/res directory. In the project tool window,
you can see that activity_main.xml lives in res/layout/. Your strings file, which contains string
resources, lives in res/values/.

To access a resource in code, you use its resource ID. The resource ID for your layout is
R.layout.activity_main.

You did not define R. layout.activity_main yourself. As a part of compiling your app, the build
process automatically generates that resource ID for you. In fact, the build process generates resource
IDs for all the resources in your project.

During the compilation and packaging of your app, the build tools generate a class known as the
R class. This class contains a long list of IDs as integer constants, allowing you to access and use
your resources in your application. When referencing R. layout.activity_main, you are actually
referencing an integer constant named activity_main within the layout inner class of R.

As you add, remove, and change resources, the build process will automatically update the file in order
to maintain the correct mapping between resources and their IDs. Here is an example of what your R
class looks like in Java:

package com.bignerdranch.android.geoquiz;

public final class R {
public static final class anim {

}
public static final class id {

}

public static final class layout {

public static final Int activity_main=0x7f030017;
}
public static final class mipmap {

public static final Int ic_launcher=0x7f030000;
}

public static final class string {
public static final Int app_name=0x7f0a0010;
public static final Int false_button=0x7f0a0012;

public static final Int question_text=0x7f0a0014;
public static final Int true_button=0x7f0a0015;
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Your strings also have resource IDs. You have not yet referred to a string in code, but if you did, it
would look like this:

setTitle(R.string.app_name)

Android generated a resource ID for the entire layout and for each string, but it did not generate
resource IDs for the individual views in activity_main.xml. Not every view needs a resource ID. In
this chapter, you will only interact with the two buttons in code, so only they need resource IDs.

To generate a resource ID for a view, you include an android: id attribute in the view’s definition. In
activity_main.xml, add an android: id attribute to each button. (You will need to switch to the Code
tab to do this.)

Listing 1.3 Adding IDs to Buttons (res/layout/activity_main.xml)
<LinearLayout ... >

<TextView
android: layout_width="wrap_content"
android: layout_height="wrap_content"
android:padding="24dp"
android:text="@string/question_text" />

<LinearLayout
android: layout_width="wrap_content"
android: layout_height="wrap_content"
android:orientation="horizontal">

<Button
android:id="@+id/true_button"
android: layout_width="wrap_content"
android: layout_height="wrap_content"
android:text="@string/true_button" />
<Button
android:id="@+id/false_button"
android: layout_width="wrap_content"
android: layout_height="wrap_content"
android:text="@string/false_button" />
</LinearLayout>

</LinearLayout>

Notice that there is a + sign in the values for android: id but not in the values for android: text. This
is because you are creating the resource IDs and only referencing the strings.

Wiring Up Views
You are ready to wire up your button views. This is a two-step process:
» get references to the inflated View objects

* set listeners on those objects to respond to user actions
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Getting references to views

Now that the buttons have resource IDs, you can access them in MainActivity. Type the following
code into MainActivity.kt (Listing 1.4). (Do not use code completion; type it in yourself.) After you
enter each line, it will report an error.

Listing 1.4 Accessing view objects by ID (MainActivity.kt)
class MainActivity : AppCompatActivity() {

private lateinit var trueButton: Button
private lateinit var falseButton: Button

override fun onCreate(savedInstanceState: Bundle?) {
super.onCreate(savedInstanceState)
setContentView(R. layout.activity_main)

trueButton = findViewById(R.id.true_button)
falseButton = findViewById(R.id.false_button)

}

In an activity, you can get a reference to an inflated view by calling Activity.findViewById(Int).
This function returns the corresponding view. Specifically, rather than return it as a View, it casts the
view to the expected subtype of View. Here, that type is Button.

In the code above, you use the resource IDs of your buttons to retrieve the inflated objects and assign
them to your view properties. Since the view objects are not inflated into and available in memory until
after setContentView(..) is called in onCreate(..), you use lateinit on your property declarations

to indicate to the compiler that you will provide a non-null View value before you attempt to use the
contents of the property.

Then, in onCreate(..), you look up and assign the view objects the appropriate properties. You will
learn more about onCreate(..) and the activity lifecycle in Chapter 3.

Now let’s get rid of those pesky errors. Mouse over one of the red Button type declarations. It reports:
Unresolved reference: Button.

This error is telling you that you need to import the android.widget.Button class into
MainActivity.kt. You could type the following import statement at the top of the file:

import android.widget.Button

Or you can do it the easy way and let Android Studio do it for you. Just press Option-Return (or Alt-
Enter) to let the IntelliJ magic under the hood amaze you. The new import statement now appears with
the others at the top of the file. This shortcut is generally useful when something is not correct with
your code. Try it often!

This should get rid of all the errors, because the errors for findViewById had to do with not being able
to locate the button instances. (If you still have errors, check for typos in your code and XML.) Once
your code is error free, it is time to make your app interactive.
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Setting listeners

Android applications are typically event driven. Unlike command-line programs or scripts, event-
driven applications start and then wait for an event, such as the user pressing a button. (Events can also
be initiated by the OS or another application, but user-initiated events are the most obvious.)

When your application is waiting for a specific event, we say that it is “listening for” that event. The
object that you create to respond to an event is called a listener, and the listener implements a listener
interface for that event.

The Android SDK comes with listener interfaces for various events, so you do not have to write your
own. In this case, the event you want to listen for is a button being pressed (or “clicked”), so your
listener will implement the View.0OnClickListener interface.

Start with the TRUE button. In MainActivity.kt, set a listener on the button in onCreate(Bundle?),
just after the variable assignments.

Listing 1.5 Setting a listener for the TRUE button (MainActivity.kt)

override fun onCreate(savedInstanceState: Bundle?) {
super.onCreate(savedInstanceState)
setContentView(R. layout.activity_main)

trueButton = findViewById(R.id.true_button)
falseButton = findViewById(R.id.false_button)

trueButton.setOnClickListener { view: View ->
// Do something in response to the click here
}

b

(If you have an Unresolved reference: View error, try using Option-Return [Alt-Enter] to import the
View class.)

In Listing 1.5, you set a listener to inform you when the Button known as trueButton has been
pressed. The Android framework defines View.0OnClickListener as a Java interface with a single
method, onClick(View). Interfaces with a single abstract method are common enough in Java that the
pattern has a pet name, SAM.

Kotlin has special support for this pattern as part of its Java interoperability layer. It lets you write a
function literal, and it takes care of turning that into an object implementing the interface. This behind-
the-scenes process is called SAM conversion.

Your on-click listener is implemented using a lambda expression. Set a similar listener for the FALSE
button.

Listing 1.6 Setting a listener for the FALSE button (MainActivity.kt)
override fun onCreate(savedInstanceState: Bundle?) {
é;&eButton.setOnClickListener { view: View —>

// Do something in response to the click here
¥

falseButton.setOnClickListener { view: View —>
// Do something in response to the click here
}
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Making Toasts

Now to make the buttons fully armed and operational. You are going to have a press of each button
trigger a pop-up message called a foast. A toast is a short message that informs the user of something
but does not require any input or action. You are going to make toasts that announce whether the user
answered correctly or incorrectly (Figure 1.14).

Figure 1.14 A toast providing feedback
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First, return to strings.xml and add the string resources that your toasts will display.

Listing 1.7 Adding toast strings (res/values/strings.xml)

<resources>
<string name="app_name">GeoQuiz</string>
<string name="question_text">Canberra is the capital of Australia.</string>
<string name="true_button">True</string>
<string name="false_button'">False</string>
<string name="correct_toast">Correct!</string>
<string name="incorrect_toast">Incorrect!</string>
</resources>
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Next, update your click listeners to create and show a toast. Use code completion to help you fill in the
listener code. Code completion can save you a lot of time, so it is good to become familiar with it early.

Start typing the code shown in Listing 1.8 in MainActivity.kt. When you get to the period after the
Toast class, a pop-up window will appear with a list of suggested functions and constants from the
Toast class.

To choose one of the suggestions, use the up and down arrow keys to select it. (If you wanted to ignore
code completion, you could just keep typing. It will not complete anything for you if you do not press
the Tab key, press the Return key, or click the pop-up window.)

From the list of suggestions, select makeText(context: Context, resId: Int, duration: Int).
Code completion will add the function call for you.

Fill in the parameters for the makeText (..) function until you have added the code shown in Listing
1.8.

Listing 1.8 Making toasts (MainActivity.kt)
override fun onCreate(savedInstanceState: Bundle?) {

trueButton.setOnClickListener { view: View —>

+—De—semething—in—respense—to—the—etiek—here

Toast.makeText(
this,
R.string.correct_toast,
Toast.LENGTH_SHORT

) .show()

falseButton.setOnClickListener { view: View —>

+—De—semething—in—respense—to—the—etiek—here

Toast.makeText (
this,
R.string.incorrect_toast,
Toast.LENGTH_SHORT

) .show()

b

To create a toast, you call the static function Toast.makeText(Context, Int, Int). This function
creates and configures a Toast object. The Context parameter is typically an instance of Activity
(and Activity is a subclass of Context). Here you pass the instance of MainActivity as the Context
argument.

The second parameter is the resource ID of the string that the toast should display. The Context is
needed by the Toast class to be able to find and use the string’s resource ID. The third parameter is one
of two Toast constants that specify how long the toast should be visible.

After you have created a toast, you call Toast.show() on it to get it onscreen.

Because you used code completion, you do not have to do anything to import the Toast class. When
you accept a code completion suggestion, the necessary classes are imported automatically.

Now, let’s see your app in action.
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Running on the Emulator

To run an Android application, you need a device — either a hardware device or a virfual device. Virtual
devices are powered by the Android emulator, which ships with the developer tools.

To create an Android virtual device (or AVD), choose Tools = AVD Manager. When the AVD
Manager appears, click the + Create Virtual Device... button in the middle of the window.

In the dialog that appears, you are offered many options for configuring a virtual device. For your first
AVD, choose to emulate a Pixel 4, as shown in Figure 1.15. Click Next.

Figure 1.15 Choosing a virtual device
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On the next screen, choose a system image for your emulator. For this emulator, select an API 32
emulator from the Recommended tab and select Next (Figure 1.16). (You may need to follow the steps
to download the emulator’s components before you can click Next.)

Figure 1.16 Choosing a system image
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Finally, you can review and tweak properties of the emulator. You can also edit the properties of an
existing emulator later. For now, accept the default name, which includes the device type and the API,
and click Finish (Figure 1.17).

Figure 1.17 Updating emulator properties

Once you have an AVD, you can run GeoQuiz on it. From the Android Studio toolbar, click the run
button (it looks like a green “play” symbol) or press Control-R (Ctrl-R). Android Studio will start your
virtual device, install the application package on it, and run the app.

Starting up the emulator can take a while, but eventually your GeoQuiz app will launch on the AVD
that you created. Press buttons and admire your toasts.
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If GeoQuiz crashes when launching or when you press a button, useful information will appear in the
Logcat tool window. (If Logcat did not open automatically when you ran GeoQuiz, you can open it
by clicking the Logcat button at the bottom of the Android Studio window.) Type MainActivity into the
search box at the top of the Logcat tool window to filter the log messages. Look for exceptions in the
log; they will be an eye-catching red color (Figure 1.18).

Figure 1.18 An example UninitializedPropertyAccessException

Compare your code to the code in the book to try to find the cause of the problem. Then try running
again. (You will learn more about using Logcat in Chapter 3 and about debugging in Chapter 5.)

Keep the emulator running — you do not want to wait for it to launch on every run.

You can stop the app by pressing the Back button at the bottom of the emulator. (The Back button is
shaped like a left-pointing triangle.) Then rerun the app from Android Studio to test changes.

The emulator is useful, but testing on a real device gives more accurate results. In Chapter 2, you will
run GeoQuiz on a hardware device. You will also give GeoQuiz more geography questions with which
to test the user.
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For the More Curious: The Android Build Process

By now, you probably have some burning questions about how the Android build process works.

You have already seen that Android Studio builds your project automatically as you modify it,

rather than on command. During the build process, the Android tools take your resources, code, and
AndroidManifest.xml file (which contains metadata about the application) and turn them into an .apk
file. This file is then signed with a debug key, which allows it to run on the emulator. (To distribute
your .apk to the masses, you have to sign it with a release key. There is more information about this
process in the Android developer documentation at developer.android.com/tools/publishing/
preparing.html.)

How do the contents of activity_main.xml turn into View objects in an application? As part of

the build process, aapt2 (the Android Asset Packaging Tool) compiles layout file resources into

a more compact format. These compiled resources are packaged into the .apk file. Then, when
setContentView(..) is called in MainActivity’s onCreate(Bundle?) function, MainActivity uses the
LayoutInflater class to instantiate each of the View objects as defined in the layout file (Figure 1.19).

Figure 1.19 Inflating activity_main.xml

(You can also create your view classes programmatically in the activity instead of defining them in
XML. But there are benefits to separating your presentation from the logic of the application. The main
one is taking advantage of configuration changes built into the SDK, which you will learn more about
in Chapter 3.)

You will learn more details of how the different XML attributes work and how views display
themselves on the screen in Chapter 11.
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Android build tools

Android build tools

All the builds you have seen so far have been executed from within Android Studio. This build is
integrated into the IDE - it invokes standard Android build tools like aapt2, but the build process itself
is managed by Android Studio.

You may, for your own reasons, want to perform builds from outside of Android Studio. The easiest
way to do this is to use a command-line build tool. The Android build system uses a tool called Gradle.

(You will know if this section applies to you. If it does not, feel free to read along but do not be
concerned if you are not sure why you might want to do this or if the commands below do not seem to
work. Coverage of the ins and outs of using the command line is beyond the scope of this book.)

To use Gradle from the command line, navigate to your project’s directory and run the following
command:

$ ./gradlew tasks
On Windows, your command will look a little different:
> gradlew.bat tasks

This will show you a list of available tasks you can execute. The one you want is called installDebug.
Make it so with a command like this:

$ ./gradlew installDebug
Or, on Windows:
> gradlew.bat installDebug

This will install your app on whatever device is connected. However, it will not run the app. For that,
you will need to pull up the launcher and launch the app by hand.
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Challenges

Challenges are exercises at the end of the chapter for you to do on your own. Some are easy and
provide practice doing the same thing you have done in the chapter. Other challenges are harder and
require more problem-solving.

We cannot encourage you enough to take on these challenges. Tackling them cements what you
have learned, builds confidence in your skills, and bridges the gap between us teaching you Android
programming and you being able to do Android programming on your own.

If you get stuck while working on a challenge, take a break and come back to try again fresh. If that
does not help, check out the forum for this book at forums.bignerdranch.com. In the forum, you
can review questions and solutions that other readers have posted as well as ask questions and post
solutions of your own.

To protect the integrity of your current project, we recommend you make a copy and work on
challenges in the new copy.

In your computer’s file explorer, navigate to the root directory of your project. Copy the GeoQuiz
folder and paste a new copy next to the original (on macOS, use the Duplicate feature). Rename

the new folder something like GeoQuiz Chapter] Challenge. Back in Android Studio, select File =
Open.... Navigate to your new challenge file and select OK, then New Window. The copied project will
then appear in a new window ready for work.

Challenge: Switching Your Toast for a Snackbar

For this challenge, customize the toast by using a Snackbar instead of a Toast. While using a Toast
is a convenient way to display Ul, we recommend using a Snackbar in your applications because they
are more configurable in both their appearance and behavior. Refer to the developer documentation at
developer.android.com/reference/com/google/android/material/snackbar/Snackbar for more
details. (Hint: Take a look at the make and show functions.)
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Interactive User Interfaces

In this chapter, you are going to upgrade GeoQuiz to present more than one question, as shown in
Figure 2.1.

Figure 2.1 Next!

To make this happen, you are going to add a data class named Question to the GeoQuiz project. An
instance of this class will encapsulate a single true/false question.

Then, you will create a collection of Question objects for MainActivity to manage.
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Creating a New Class

In the project tool window, right-click the com.bignerdranch.android.geoquiz package and select
New — Kaotlin Class/File. Enter Question for the name. Double-click Class in the list of options
(Figure 2.2).

Figure 2.2 Creating the Question class
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Android Studio will create and open a file called Question.kt. In this file, add two properties and a
constructor.

Listing 2.1 Adding to the Question class (Question.kt)

eltass—Question—f
¥

import androidx.annotation.StringRes

data class Question(@StringRes val textResId: Int, val answer: Boolean)

A common through-line of many software architecture patterns (such as Model-View-Controller,
Model-View-Presenter, Model-View-ViewModel, and so on) is the concept of the model. In these
architecture patterns, models are classes that contain information that the UI will display.

We recommend that you create these classes using the data keyword, as you did here. Doing so clearly
indicates that the class is meant to hold model data. Also, the compiler does extra work for data classes
that makes your life easier, such as defining useful functions like equals(), hashCode(), and a nicely
formatted toString().

The Question class holds two pieces of data: a resource ID for the question text and the question
answer (true or false).

The @StringRes annotation is not required, but we recommend you include it for two reasons. First,
the annotation helps the code inspector built into Android Studio (named Lint) verify at compile time
that constructor calls provide a valid string resource ID. This prevents runtime crashes where the
constructor is used with an invalid resource ID (such as an ID that points to some resource other than a
string). Second, the annotation makes your code more readable for other developers.
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To use the @StringRes annotation, you need to import it into your project. You can do that by entering
the import statement manually or with the Option-Return (Alt-Enter) keyboard shortcut you learned in
the last chapter.

Why is textResId an Int and not a String? Even though you will eventually display text to the user,
the textResId variable will hold the resource ID (always an Int) of the string resource for a question.

Your Question class is now complete. In a moment, you will modify MainActivity to work with
Question. First, let’s take a look at how the pieces of GeoQuiz will work together.

You are going to have MainActivity create a list of Question objects. It will then interact with the
TextView and the three Buttons to display questions and provide feedback. Figure 2.3 diagrams these
relationships.

Figure 2.3 Object diagram for GeoQuiz
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Updating the Layout

Now that you have defined the Question class, you are going to update GeoQuiz’s Ul to include a
NEXT button.

In Android, Ul is typically inflated from XML within a layout file. The sole layout in GeoQuiz is
defined in activity_main.xml. This layout needs to be updated as shown in Figure 2.4. (Note that to
save space we are not showing the attributes of unchanged views.)

Figure 2.4 New button!
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So the changes you need to make to the layout are:

* Give the TextView an android: id attribute. This view will need a resource ID so that you can set
its text in MainActivity’s code.

» Position the TextView’s text in the center of the text view by setting gravity to "center".

» Replace the android: text attribute of the TextView with the tools: text attribute and point
it to a string resource representing a question using @string/. You will also need to add the
tools namespace to the root tag of your layout so that Android Studio can make sense of the
tools:text attribute.

You no longer want a hardcoded question to be part of the TextView’s definition. Instead, you
will set the question text dynamically as the user clicks through the questions. However, if you
only removed the android: text line, the layout preview in Android Studio would look like it is
missing text. It is helpful to have the layout preview reflect what the end user will see on their
device.

The tools namespace allows you to override any attribute on a view for the purpose of displaying
it in the Android Studio preview. The tools attributes are ignored when rendering the views on a
device at runtime. You could also use android: text and just overwrite the value at runtime, but
using tools:text instead makes it clear that the value you provide is for preview purposes only.

¢ Add the new Button view as a child of the root LinearLayout.
Return to activity_main.xml and make it happen.

Listing 2.2 New button ... and changes to the text view
(res/layout/activity_main.xml)

<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"
xmlns:tools="http://schemas.android.com/tools"
android: layout_width="match_parent"
android: layout_height="match_parent"
. >

<TextView
android:id="@+id/question_text_view"
android: layout_width="wrap_content"
android: layout_height="wrap_content"
android:gravity="center"
android:padding="24dp"

tools:text:"@string/question_aastralia" />
<LinearLayout ... >
</LinearLayout>
<Button
android:id="@+id/next_button"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:text="@string/next_button" />

</LinearLayout>

37



Chapter 2 Interactive User Interfaces

You will see familiar errors alerting you about missing string resources.

Return to res/values/strings.xml. Rename question_text and add a string for the new button.

Listing 2.3 Updating strings (res/values/strings.xml)

<string name="app_name'>GeoQuiz</string>

<string name="question_australia">Canberra is the capital of Australia.</string>
<string name="true_button">True</string>

<string name="false_button">False</string>

<string name="next_button">Next</string>

While you have strings.xml open, go ahead and add the strings for the rest of the geography
questions that will be shown to the user.

Listing 2.4 Adding question strings (res/values/strings.xml)

<string name="question_australia">Canberra is the capital of Australia.</string>
<string name="question_oceans">The Pacific Ocean is larger than
the Atlantic Ocean.</string>
<string name="question_mideast">The Suez Canal connects the Red Sea
and the Indian Ocean.</string>
<string name="question_africa">The source of the Nile River is in Egypt.</string>
<string name="question_americas">The Amazon River is the longest river
in the Americas.</string>
<string name="question_asia">Lake Baikal is the world\'s oldest and deepest
freshwater lake.</string>

Notice that you use the escape sequence \' in the last value to get an apostrophe in your string. You
can use all the usual escape sequences in your string resources, such as \n for a new line.

Return to activity_main.xml and preview your layout changes in the graphical layout tool. It should
look like Figure 2.1.

That is all for now for GeoQuiz’s Ul Time to wire everything up in MainActivity.
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Wiring Up the User Interface

First, create a list of Question objects in MainActivity, along with an index for the list.

Listing 2.5 Adding a Question list (MainActivity.kt)
class MainActivity : AppCompatActivity() {

private lateinit var trueButton: Button
private lateinit var falseButton: Button

private val questionBank = 1istOf(
Question(R.string.question_australia, true),
Question(R.string.question_oceans, true),
Question(R.string.question_mideast, false),
Question(R.string.question_africa, false),
Question(R.string.question_americas, true),
Question(R.string.question_asia, true))

private var currentIndex = 0

Here you call the Question constructor several times and create a list of Question objects.

(In a more complex project, this list would be created and stored elsewhere. In later apps, you will
see better options for storing model data. For now, you are keeping it simple and just creating the list
within MainActivity.)

You are going to use questionBank, currentIndex, and the properties in Question to get a parade of
questions onscreen.

In the previous chapter, there was not much happening in GeoQuiz’s MainActivity. It displayed the
layout defined in activity_main.xml. Using Activity.findViewById(id: Int), it got references to
two buttons. Then, it set listeners on the buttons and wired them to make toasts.

Now that you have multiple questions to retrieve and display, MainActivity will have to work harder
to respond to user input and update the Ul You could continue to use Activity.findViewById(..) and
obtain references to your new views, but that is boring code that you would probably prefer not to write
yourself.

Thankfully, there is View Binding, a feature of the build process that generates that boilerplate code for
you and allows you to safely and easily interact with your Ul elements. You will use View Binding to
write less code and manage the complexity of even this relatively simple app.

Much like the R class (which you read about in Chapter 1), View Binding works by generating code
during the build process for your app. However, View Binding is not enabled by default, so you must
enable it yourself.

In the project tool window, under Gradle Scripts, locate and open the build.gradle file labeled
(Module: GeoQuiz.app). (This file is actually located within the app module, but the Android view
collects your project’s Gradle files to make them easier to find.)
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Listing 2.6 Enabling View Binding (app/build.gradle)

plugins {
id 'com.android.application’
id 'kotlin-android'

b

android {

kotlinOptions {
jvmTarget = '1.8'
buildFeatures {

viewBinding true

}
}

After making this change, a banner will appear at the top of the file prompting you to sync the file
(Figure 2.5).

Figure 2.5 Gradle sync prompt
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Whenever you make changes in a .gradle file, you must sync the changes so the build process for
your app is up to date. Click Sync Now in the banner or select File = Sync Project with Gradle Files.

Now that View Binding is enabled, open MainActivity.kt and start using this build feature. Make the
changes in Listing 2.7, and we will explain them afterward.
Listing 2.7 Initializing ActivityMainBinding (MainActivity.kt)

package com.bignerdranch.android.geoquiz

import android.os.Bundle
import android.view.View

import com.bignerdranch.android.geoquiz.databinding.ActivityMainBinding
class MainActivity : AppCompatActivity() {
private lateinit var binding: ActivityMainBinding

private lateinit var trueButton: Button
private lateinit var falseButton: Button

override fun onCreate(savedInstanceState: Bundle?) {
super.onCreate(savedInstanceState)

binding = ActivityMainBinding.in?late(layoutInflater)
setContentView(binding.root)
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(Like the R class, View Binding generates code within your package structure, which is why
the import statement includes your package name. If you gave your package a name other than
com.bignerdranch.android.geoquiz, your import statement will look different.)

View Binding does require a little bit of setup within your MainActivity, so let’s break down what is
happening here.

Much like Activity.findViewById(..) allows you to get references to your individual UI elements,
ActivityMainBinding allows you to get references to each Ul element in your activity_main.xml
layout. (View Binding generates classes based on the layout file’s name; so, for example, it would
generate an ActivityCheatBinding for a layout named activity_cheat.xml.)

In Chapter 1, you passed R. layout.activity_main into Activity.setContentView(layoutResID:
Int) to display your Ul That function performed two actions: First, it inflated your
activity_main.xml layout; then, it put the UI onscreen. Here, when you initialize binding you are
obtaining a reference to the layout and inflating it in the same line.

You pass layoutInflater, a property inherited from the Activity class, into the
ActivityMainBinding.inflate() call. As its name implies, layoutInflater is responsible for
inflating your XML layouts into UI elements.

When you previously called Activity.setContentView(layoutResID: Int), your MainActivity
internally used its layoutInflater to display your UI. Now, using a different implementation of
setContentView(), you pass a reference to the root UI element in your layout to display your UL

Now that View Binding is set up within MainActivity, use it to wire up your Ul Start with the TRUE
and FALSE buttons:
Listing 2.8 Using ActivityMainBinding (MainActivity.kt)
class MainActivity : AppCompatActivity() {
private lateinit var binding: ActivityMainBinding

private :ate?"?t Vo :':esgtte" .Bshhe"

override fun onCreate(savedInstanceState: Bundle?) {
super.onCreate(savedInstanceState)
binding = ActivityMainBinding.inflate(layoutInflater)
setContentView(binding.root)

g e etOnCLield i v

binding.trueButton.setOnClickListener { view: View —>

b

binding.falseButton.setOnClickListener { view: View ->

}
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For each view with the android: id attribute defined in its layout XML, View Binding will generate a
property on a corresponding ViewBinding class. Even better, View Binding automatically declares the
type of the property to match the type of the view in your XML. So, for example, binding.trueButton
is of type Button, because the view with the ID true_button is a <Button>.

Unlike a findViewById(..) call, this has the benefit of keeping your XML layouts and activities in sync
if you change the kinds of views in your UL

Next, using questionBank and currentIndex, retrieve the resource ID for the question text of the
current question. Use the binding property to set the text for the question’s TextView.

Listing 2.9 Wiring up the TextView (MainActivity.kt)
override fun onCreate(savedInstanceState: Bundle?) {
Biading.falseButton.setOnClickListener { view: View —>
b
val questionTextResId = questionBank[currentIndex].textResId

binding.questionTextView.setText(questionTextResId)

}

Save your files and check for any errors. Then run GeoQuiz. You should see the first question in the
array appear in the TextView, as before.

Now, make the NEXT button functional by setting a View.0nClickListener on it. This listener will
increment the index and update the TextView’s text.

Listing 2.10 Wiring up the new button (MainActivity.kt)
override fun onCreate(savedInstanceState: Bundle?) {
éiading.falseButton.setOnClickListener { view: View —>
}
binding.nextButton.setOnClickListener {
currentIndex = (currentIndex + 1) % questionBank.size

val questionTextResId = questionBank[currentIndex].textResId
binding.questionTextView.setText(questionTextResId)

}

val questionTextResId = questionBank[currentIndex].textResId
binding.questionTextView.setText(questionTextResId)
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You now have the same code in two places that updates the text displayed in
binding.questionTextView. Take a moment to put this code into a function instead, as
shown in Listing 2.11. Then invoke that function in the nextButton’s listener and at the end of
onCreate(Bundle?) to initially set the text in the activity’s view.

Listing 2.11 Encapsulating with a function (MainActivity.kt)
class MainActivity : AppCompatActivity() {
éQérride fun onCreate(savedInstanceState: Bundle?) {

binding.nextButton.setOnClickListener {
currentIndex = (currentIndex + 1) % questionBank.size

vat—grestiontextRestd—e—questionBanidreurrentinderxt—textRestd
updateoﬁestion() .
}
val—gquestiontextRestd=—guestionBanldeurrentindex)—textRestd
bindina. s onTextiienrsetToxts onTextResIe)
updateQuestion()

}

private fun updateQuestion() {
val questionTextResId = questionBank[currentIndex].textResId
binding.questionTextView.setText(questionTextResId)

b

Run GeoQuiz and test your NEXT button.

Now that you have the questions behaving appropriately, it is time to turn to the answers. At the
moment, GeoQuiz thinks that the answer to every question is “true.” Let’s rectify that. You will add a
private named function to MainActivity to encapsulate code rather than writing similar code in two
places:

private fun checkAnswer(userAnswer: Boolean)

This function will accept a Boolean variable that identifies whether the user pressed TRUE or FALSE.
Then, it will check the user’s answer against the answer in the current Question object. Finally, after
determining whether the user answered correctly, it will make a Toast that displays the appropriate
message to the user.
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In MainActivity.kt, add the implementation of checkAnswer (Boolean) shown in Listing 2.12.

Listing 2.12 Adding checkAnswer (Boolean) (MainActivity.kt)
class MainActivity : AppCompatActivity() {

é}ivate fun updateQuestion() {

, .

private fun checkAnswer(userAnswer: Boolean) {
val correctAnswer = questionBank[currentIndex].answer

val messageResId = if (userAnswer == correctAnswer) {
R.string.correct_toast

} else {
R.string.incorrect_toast

}

Toast.makeText(this, messageResId, Toast.LENGTH_SHORT)

.show()

Within the buttons’ listeners, call checkAnswer (Boolean), as shown in Listing 2.13.

Listing 2.13 Calling checkAnswer (Boolean) (MainActivity.kt)
override fun onCreate(savedInstanceState: Bundle?) {

binding.trueButton.setOnClickListener { view: View —>

checkAnswer (true)

b

binding.falseButton.setOnClickListener { view: View —>

checkAnswer (false)

i

Run GeoQuiz. Verify that the toasts display the right message based on the answer to the current
question and the button you press.
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Adding an Icon

GeoQuiz is up and running, but the UI would be spiffier if the NEXT button also displayed a right-
pointing arrow icon.

Since Android 5.0 (Lollipop, API level 21), the Android platform has provided support for vector
graphics using the VectorDrawable class. Whenever possible, we recommend that you use vector
drawables to display vector graphics in your apps. Vector drawables are scalable without any loss of
visual quality, so they always look crisp and free of image artifacts. And they are more space efficient
than traditional bitmap images, resulting in a smaller final application.

Add a vector drawable to the project for the right-pointing arrow icon. First, select File = New —
Vector Asset from the menu bar to bring up the Asset Studio (Figure 2.6).

Figure 2.6 The Vector Asset Studio
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You can import common file formats for vector graphics (SVG, PSD), but you are going to use an icon
from Google’s Material icons library. They are free to use and licensed under Apache license 2.0.
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For the Asset Type at the top of the Configure Vector Asset dialog, make sure the Clip Art radio button
is selected. Then, click the button to the right of the Clip Art: label. The Select Icon window will pop up
(Figure 2.7).

Figure 2.7 The Vector Asset Studio library
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Search for “arrow right,” select the icon with that name, and click OK. The name that the Asset Studio
generates for you on the configuration dialog is verbose; rename the asset arrow_right. Those are all
the changes you need to make, so click Next, and then Finish on the following screen.
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Now, expand the app/res/drawable folder in the project window and open up arrow_right.xml.
Click the Split tab at the top of the editor to see the XML for your vector drawable on the left and its
preview image on the right (Figure 2.8).

Figure 2.8 Your vectorized right arrow
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You will learn more about how the Android resource system works starting in Chapter 3. For now, let’s
put that right arrow to work.

Referencing resources in XML

You use resource IDs to reference resources in code. But you want to configure the NEXT button to
display the arrow in the layout definition. How do you reference a resource from XML?

Answer: with a slightly different syntax. Open activity_main.xml. Add the app namespace in the root
element (you will learn more about this namespace in Chapter 15). Then add two attributes to the third
Button view’s definition.
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Listing 2.14 Adding an icon to the NEXT button
(res/layout/activity_main.xml)

<LinearLayout
xmlns:android="http://schemas.android.com/apk/res/android"
xmlns:app="http://schemas.android.com/apk/res-auto"
xmlns:tools="http://schemas.android.com/tools"
android: layout_width="match_parent"
android: layout_height="match_parent"
android:gravity="center"
android:orientation="vertical">

<LinearLayout ... >
</LinearLayout>

<Button
android:id="@+id/next_button"
android: layout_width="wrap_content"
android: layout_height="wrap_content"
android:text="@string/next_button"
app:icon="@drawable/arrow_right"
app:iconGravity="end" />

</LinearLayout>

In an XML resource, you refer to another resource by its resource type and name. A reference to a
string resource begins with @string/. A reference to a drawable resource begins with @drawable/. For
this situation, you reference your icon with @drawable/arrow_right.

You will learn more about naming resources and working in the res directory structure starting in
Chapter 3.

Run GeoQuiz and admire your button’s new appearance. Then test it to make sure it still works as
before.

Screen Pixel Densities

In activity_main.xml, you specified attribute values in terms of dp units. Now it is time to learn what
they are.

Sometimes you need to specify values for view attributes in terms of specific sizes (usually in pixels,
but sometimes points, millimeters, or inches). You see this most commonly with attributes for text size,
margins, and padding. Text size is the pixel height of the text on the device’s screen. Margins specify
the distances between views, and padding specifies the distance between a view’s outside edges and its
content.

Android devices come in a wide variety of shapes and sizes. Even just among phones, specifications
such as screen size and resolution vary widely. Modern phones have pixel densities ranging from less
than 300 pixels per inch to more than 800 pixels per inch.

What happens when you want to display the same UI on different density screens? Or when the user
configures a larger-than-default text size? It would be a very frustrating user experience if your button
were tiny on one device and massive on another.
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To provide a consistent experience on all devices, Android provides density-independent dimension
units that you can use to get the same size on different screen densities. Android translates these units
using the device’s defined density bucket to pixels at runtime, so there is no tricky math for you to

do. These density buckets range from low density (LDPI) to medium density (MDPI) to high density
(HDPI) and all the way up to extra-extra-extra-high density (XXXHDPI) (Figure 2.9).

Figure 2.9 Dimension units in action on TextView
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px Short for pixel. One pixel corresponds to one onscreen pixel, regardless of the display
density. Because pixels do not scale appropriately with device display density, their
use is not recommended.

dp Short for density-independent pixel and usually pronounced “dip.” You typically use
this for margins, padding, or anything else for which you would otherwise specify
size with a pixel value. One dp is always 1/160 of an inch on a device’s screen. You
get the same size regardless of screen density: When your display is a higher density,
density-independent pixels will fill a larger number of screen pixels.

sp Short for scale-independent pixel. Scale-independent pixels are density-independent
pixels that also take into account the user’s font size preference. You will almost
always use sp to set display text size.

pt, mm, in These are scaled units, like dp, that allow you to specify interface sizes in points
(1/72 of an inch), millimeters, or inches. However, we do not recommend using them:
Not all devices are correctly configured for these units to scale correctly.

In practice and in this book, you will use dp and sp almost exclusively. Android will translate these
values into pixels at runtime.
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Running on a Device

It is fun to interact with your app on an emulator. It is even more fun to interact with your app on
physical Android device. In this section, you will set up your system, device, and application to get
GeoQuiz running on your hardware device.

First, plug the device into your computer. If you are developing on a Mac, your system should
recognize the device right away. On Windows, you may need to install the adb (Android Debug
Bridge) driver. If Windows cannot find the adb driver, then download one from the device
manufacturer’s website.

Second, enable USB debugging on your Android device. To do this, you need to access the developer
options settings menu, which is not visible by default. To enable developer options, open the Settings
app and press the search icon in the top-right corner. Search for “Build number” and select the first
search result. The Settings app will navigate you to the Build number row.

Press Build number seven times in quick succession. After several presses, you will see a message
telling you how many “steps” (presses of the build number) you are from being a developer. When you
see You are now a developer!, you can stop. Then you can return to Settings, search for “Developer
options,” and enable USB debugging.

The steps to enable USB debugging vary considerably across devices and versions of Android. If you
are having problems enabling your device, visit https://developer.android.com/studio/debug/
dev—options#enable for more help.

Finally, confirm that your device is recognized by finding it in the dropdown to the left of Android
Studio’s run icon. The text in the dropdown should display the name of your device. If your device is
not selected, open the dropdown and select it from the options under the Running devices section.

Figure 2.10 Viewing connected devices
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Running on a Device

If you are having trouble getting your device recognized, verify that your device is turned on and that
the USB debugging option is enabled.

If you are still unable to see your device in the devices view, you can find more help on the Android
developers’ site. Start at developer.android.com/tools/device.html. You can also visit this book’s
forum at forums.bignerdranch. com for more troubleshooting help.

Run GeoQuiz as before. This time, GeoQuiz will launch on your real device.
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Challenge: Add a Listener to the TextView

Your NEXT button is nice, but you could also make it so that a user could press the TextView itself to
see the next question.

Hint: You can use the same View.0OnClickListener for the TextView that you have used with the
Buttons, because TextView also inherits from View.

Challenge: Add a Previous Button

Add a button that the user can press to go back one question. The Ul should look something like
Figure 2.11.

Figure 2.11 Now with a previous button!

This is a great challenge. It requires you to retrace many of the steps in these first two chapters.
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At this point, you have an app with some functionality. Unfortunately, there is a bug in your app. In this
chapter, you will learn about the underlying mechanics that created this bug and how they affect other
parts of your application.

Rotating GeoQuiz

GeoQuiz works great ... until you rotate the device. While the app is running, press the NEXT button to
show another question. Then rotate the device. If you are running on the emulator, click the rotate left
or rotate right button in the floating toolbar to rotate (Figure 3.1).

Figure 3.1 Control the roll
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If the emulator does not show GeoQuiz in landscape orientation after you press one of the rotate
buttons, turn auto-rotate on. Swipe down from the top of the screen to open Quick Settings. Press the
auto-rotate icon (Figure 3.2).

Figure 3.2 Quick Setting for auto-rotate
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After you rotate, you will see the first question again. How and why did this happen? The answers to
these questions have to do with the activity lifecycle.

You will learn how to fix this problem in Chapter 4. But first, it is important to understand the root of
the problem so you can avoid related bugs that might creep up.
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Activity States and Lifecycle Callbacks

Every instance of Activity has a lifecycle. During this lifecycle, an activity transitions between four
states: resumed, started, created, and nonexistent. For each transition, there is an Activity function
that notifies the activity of the change in its state. Figure 3.3 shows the activity lifecycle, states, and
functions.

Figure 3.3 Activity state diagram
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Figure 3.3 indicates for each state whether the activity has an instance in memory, is visible to the user,
or is active in the foreground (accepting user input). Table 3.1 summarizes this information.

Table 3.1 Activity states

State In memory? Visible to user? In foreground?
nonexistent no no no

created yes no no

started yes yes/partially* no

resumed yes yes yes

(* Depending on the circumstances, a started activity may be fully or partially visible.)

Nonexistent represents an activity that has not been launched yet or an activity that was destroyed (by
the user completely killing the app, for example). For that reason, this state is sometimes referred to as
the “destroyed” state. There is no instance in memory, and there is no associated view for the user to
see or interact with.

Created represents an activity that has an instance in memory but whose view is not visible on the
screen. This state occurs in passing when the activity is first spinning up and reoccurs any time the
view is fully out of view (such as when the user launches another full-screen activity to the foreground,
navigates to the Home screen, or uses the overview screen to switch tasks).

Started represents an activity that has lost focus but whose view is visible or partially visible.

An activity would be partially visible, for example, if the user launched a new dialog-themed or
transparent activity on top of it. An activity could also be fully visible but not in the foreground if the
user is viewing two activities in multi-window mode (also called “split-screen mode”).

Resumed represents an activity that is in memory, fully visible, and in the foreground. It is usually the
state of the activity the user is currently interacting with.

Subclasses of Activity can take advantage of the functions named in Figure 3.3 to get work done at
critical transitions in the activity’s lifecycle. These functions are often called lifecycle callbacks.

You are already acquainted with one of these lifecycle callback functions — onCreate(Bundle?). The
OS calls this function after the activity instance is created but before it is put onscreen.

Typically, an activity overrides onCreate (Bundle?) to prepare the specifics of its UI:
* inflating views and putting them onscreen (in the call to setContentView())
 getting references to inflated views (via View Binding or findViewById())

e setting listeners on views to handle user interaction
* connecting to external model data

It is important to understand that you never call onCreate(Bundle?) or any of the other Activity
lifecycle functions yourself. You simply override the callbacks in your activity subclass. Then Android
calls the lifecycle callbacks at the appropriate time (in relation to what the user is doing and what is
happening across the rest of the system) to notify the activity that its state is changing.
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Logging the Activity Lifecycle

In this section, you are going to override lifecycle functions to eavesdrop on MainActivity’s lifecycle.
Each implementation will simply log a message informing you that the function has been called. This
will help you see how MainActivity’s state changes at runtime in relation to what the user is doing.

Making log messages

In Android, the android.util. Log class sends log messages to a shared system-level log. Log has
several functions for logging messages. The one that you will use most often in this book is d(..),
which stands for “debug.” (There are many levels of logging; you can learn more about them in the
section called For the More Curious: Log Levels near the end of this chapter.)

This function takes two parameters, both Strings. The first parameter identifies the source of the
message, and the second is the contents of the message.

The first string is typically a TAG constant with the class name as its value. This makes it easy to
determine the source of a particular message.

Open MainActivity.kt and add a TAG constant:

Listing 3.1 Adding a TAG constant (MainActivity.kt)
import ...

private const val TAG = "MainActivity"

class MainActivity : AppCompatActivity() {

b

Next, in onCreate (Bundle?), call Log.d(..) to log a message.

Listing 3.2 Adding a log statement to onCreate(Bundle?) (MainActivity.kt)

override fun onCreate(savedInstanceState: Bundle?) {
super.onCreate(savedInstanceState)
Log.d(TAG, "onCreate(Bundle?) called")
binding = ActivityMainBinding.inflate(layoutInflater)
setContentView(binding. root)
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Now override five more lifecycle functions in MainActivity after onCreate (Bundle?):

Listing 3.3 Overriding more lifecycle functions (MainActivity.kt)
class MainActivity : AppCompatActivity() {

éQérride fun onCreate(savedInstanceState: Bundle?) {

¥

override fun onStart() {
super.onStart()
Log.d(TAG, "onStart() called")
}

override fun onResume() {
super.onResume()
Log.d(TAG, "onResume() called")
}

override fun onPause() {
super.onPause()
Log.d(TAG, "onPause() called")
}

override fun onStop() {
super.onStop()
Log.d(TAG, "onStop() called")
}

override fun onDestroy() {
super.onDestroy()
Log.d(TAG, "onDestroy() called")
}

private fun updateQuestion() {

b

Notice that you call the superclass implementations before you log your messages. These superclass
calls are required. Calling the superclass implementation should be the first line of each callback
function override implementation.

You may have been wondering about the override keyword. This asks the compiler to ensure that the
class actually has the function that you want to override. For example, the compiler would alert you to
the following misspelled function name:

override fun onCreat(savedInstanceState: Bundle?) {

}
The parent AppCompatActivity class does not have an onCreat (Bundle?) function, so the compiler

will complain. This way you can fix the typo right away, rather than waiting until you run the app and
see strange behavior to discover the error.
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Using Logcat

Rerun GeoQuiz, and messages will start materializing in the Logcat tool window at the bottom of
Android Studio, as shown in Figure 3.4. If Logcat does not open automatically when you run GeoQuiz,
you can open it by clicking the Logcat tool window bar at the bottom of the Android Studio window.

Figure 3.4 Android Studio with Logcat

You will see your own messages along with some system output. To make your messages easier

to find, you can filter the output using the value you set for the TAG constant. In Logcat, click the
dropdown in the top right that reads Show only selected application. This is the filter dropdown, which
is currently set to show messages from only your app.

In the filter dropdown, select Edit Filter Configuration to create a new filter. Name the filter MainActivity
and enter MainActivity in the Log Tag field (Figure 3.5).

Figure 3.5 Creating a filter in Logcat

Filter Name: Aain Astivi

MainActivity Specify one or several filtering parameters:

Log Tag: MainActivity
Lcg Message:
Package Name:

PID:

Log Level: Verbose

Cancel
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Click OK. Now, only messages tagged MainActivity will be visible in Logcat (Figure 3.6).

Figure 3.6 Launching GeoQuiz creates, starts, and resumes an activity

Three lifecycle functions were called after GeoQuiz was launched and the initial instance of
MainActivity was created: onCreate(Bundle?), onStart(), and onResume(). Your MainActivity
instance is now in the resumed state (in memory, visible, and active in the foreground).

Exploring How the Activity Lifecycle Responds to User
Actions

As you continue through this book, you will override the different activity lifecycle functions to do
real things for your application. When you do, you will learn more about the uses of each function. For
now, have some fun familiarizing yourself with how the lifecycle behaves in common usage scenarios
by interacting with your app and checking out the logs in Logcat.

Temporarily leaving an activity

Navigate to your emulator or device’s Home screen with the Home gesture — swiping up from the
gesture navigation interface at the bottom of the screen (Figure 3.7).

Figure 3.7 Gesture navigation interface
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Temporarily leaving an activity

If your device does not use gesture navigation, you may have Back, Home, and Recents buttons at the
bottom of the screen (Figure 3.8). (The emulator has these three buttons in the toolbar at the top of its
tool window, and it also shows them on the emulated device when appropriate.) In this case, press the
Home button to get to the Home screen. If neither of these approaches works on your device, consult
the device manufacturer’s user guide.

Figure 3.8 Back, Home, and Recents buttons

When the Home screen displays, MainActivity moves completely out of view. What state is
MainActivity in now? Check Logcat to see. Your activity received calls to onPause() and onStop(),
but not onDestroy() (Figure 3.9).

Figure 3.9 Navigating Home stops the activity

By navigating Home, the user is telling Android, “I’m going to go look at something else, but I might
come back. I’m not really done with this screen yet.” Android pauses and ultimately stops the activity.

So after you navigate Home from GeoQuiz, your instance of MainActivity hangs out in the created
state (in memory, not visible, and not active in the foreground). Android does this so it can quickly and
easily restart MainActivity where you left off when you come back to GeoQuiz later.

(This is not the whole story about navigating to the Home screen. Applications in the created state can
be destroyed at the discretion of the OS. See Chapter 4 for the rest of the story.)

Go back to GeoQuiz by selecting the GeoQuiz task card from the overview screen. To do this, use the
Recents button or gesture (swiping up from the bottom and holding, then releasing).
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Chapter 3 The Activity Lifecycle

Each card in the overview screen represents an app the user has interacted with (Figure 3.10). (By the
way, the overview screen is often called the “recents screen” or “task manager” by users. We defer to
the developer documentation, which calls it the “overview screen.”)

Figure 3.10 Overview screen
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Click the GeoQuiz task card in the overview screen. MainActivity will fill the screen.

A quick look at Logcat shows that your activity got calls to onStart() and onResume(). Note that
onCreate(..) was not called. This is because MainActivity was in the created state after the user

navigated to the Home screen. Because the activity instance was still in memory, it did not need to
be created. Instead, the activity only had to be started (moved to the started/visible state) and then

resumed (moved to the resumed/foreground state).

62



Finishing an activity

Finishing an activity

Open the overview screen again, then swipe up on the app’s card so that it goes offscreen. Check
Logcat. Your activity received calls to onPause(), onStop(), and onDestroy() (Figure 3.11). Your
MainActivity instance is now in the nonexistent state (not in memory and thus not visible — and
certainly not active in the foreground).

Figure 3.11 Closing the app destroys the activity

When you swiped away GeoQuiz’s card, you as the user of the app finished the activity. You told
Android, “I’'m done with this activity, and I won’t need it anymore.” Android then destroyed your
activity’s view and removed all traces of the activity from memory. This is Android’s way of being
frugal with your device’s limited resources.

As a developer, you can programmatically finish an activity by calling Activity.finish(). In
Chapter 7, you will learn about another way to finish an activity by navigating Back.
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Rotating an activity

Now it is time to get back to the bug you found at the beginning of this chapter. Run GeoQuiz, press
the NEXT button to reveal the second question, and then rotate the device.

After rotating, GeoQuiz will display the first question again. Check Logcat to see what has happened.
Your output should look like Figure 3.12.

Figure 3.12 MainActivity is dead. Long live MainActivity!

When you rotated the device, the instance of MainActivity that you were looking at was destroyed
and a new one was created. Rotate the device again to witness another round of destruction and rebirth.

This is the source of your GeoQuiz bug. Each time you rotate the device, the current MainActivity
instance is completely destroyed. The value that was stored in currentIndex in that instance is wiped
from memory. This means that when you rotate, GeoQuiz forgets which question you were looking at.
As rotation finishes, Android creates a new instance of MainActivity from scratch. currentIndex is
re-initialized to @, and the user starts over at the first question.

You will fix this bug in Chapter 4.
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Device Configuration Changes and the Activity
Lifecycle

Rotating the device changes the device configuration. The device configuration is a set of
characteristics that describe the current state of an individual device. The characteristics that make up
the configuration include screen orientation, screen density, screen size, keyboard type, dock mode,
language, and more.

Applications can provide alternative resources to match device configurations. When a runtime
configuration change occurs, there may be resources that are a better match for the new configuration.
So Android destroys the activity, looks for resources that are the best fit for the new configuration, and
then rebuilds a new instance of the activity with those resources.

You can try providing specific resources in the section called For the More Curious: Creating a
Landscape Layout below or wait until Chapter 18.
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For the More Curious: Creating a Landscape Layout

One of the core considerations around device configuration is the desire to provide appropriate
resources based on the configuration. When the user’s language is German, your Activity should
display German text. When the user enables night mode, your color scheme should adjust to be easier
on the eyes.

You enable this functionality by providing configuration-specific resources in your app. Another
configuration-specific attribute you can provide different resources for is the orientation of the device’s
screen: You can create a landscape-only layout so that when the user rotates their device to landscape,
they see a layout specifically designed for landscape screens. For example, you could define an entirely
new layout for MainActivity, moving the NEXT button to the bottom-right corner of the screen so that
it is easier to reach in landscape mode (Figure 3.13):

Figure 3.13 MainActivity in landscape orientation

200 » LTE 40

GeoQuiz

Canterra is the capital of Australia.
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—_—

Landscape screen orientation is one of many configuration qualifiers available on Android. You will
learn more about configuration qualifiers and how they can be used to provide the correct resources in
Chapter 18.
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For the More Curious: Ul Updates and Multi-Window
Mode

Prior to Android 7.0 Nougat, most activities spent very little time in the started state. Instead, activities
passed through the started state quickly on their way to either the resumed state or the created state.
Because of this, many developers assumed they only needed to update their Ul when their activity was
in the resumed state. It was common practice to use onResume() and onPause() to start or stop any
ongoing updates related to the UI (such as animations or data refreshes).

When multi-window mode was introduced in Nougat, it broke the assumption that resumed activities
were the only fully visible activities. This, in turn, broke the intended behavior of many apps. Now,
started activities can be fully visible for extended periods of time when the user is in multi-window
mode. And users will expect those started activities to behave as if they were resumed.

Consider video, for example. Suppose you had a pre-Nougat app that provided simple video playback.
You started (or resumed) video playback in onResume () and paused playback in onPause(). But

then multi-window mode comes along, and your app stops playback when it is started but users are
interacting with another app in the second window. Users start complaining, because they want to
watch their videos while they send a text message in a separate window.

Luckily, the fix is relatively simple: Move your playback resuming and pausing to onStart() and
onStop(). This goes for any live-updating data, like a photo gallery app that refreshes to show new
images as they are pushed to a Flickr stream (as you will see later in this book).

In short, your activities should update the UI during their entire visible lifecycle, from onStart() to
onStop().

Unfortunately, not everyone got the memo, and many apps still misbehave in multi-window mode.
To fix this, the Android team introduced multi-resume for multi-window mode in Android 10. Multi-
resume means that the fully visible activity in each of the windows will be in the resumed state when
the device is in multi-window mode, regardless of which window the user last touched.

Still, until multi-resume becomes a readily available standard across most devices in the marketplace,
use your knowledge of the activity lifecycle to reason about where to place UI update code. You will
get a lot of practice doing so throughout this book.
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For the More Curious: Log Levels

When you use the android.util.Log class to send log messages, you control not only the content of
the message but also a level that specifies how important the message is. Android supports five log
levels, shown in Table 3.2. Each level has a corresponding function in the Log class. Sending output to
the log is as simple as calling the corresponding Log function.

Table 3.2 Log levels and functions

Log level Function Used for
ERROR Log.e(..) errors
WARNING Log.w(..) warnings
INFO Log.i(..) informational messages
DEBUG Log.d(..) debug output

(may be filtered out)
VERBOSE Log.v(..) development only

In addition, each of the logging functions has two signatures: one that takes a TAG string and a message
string, and a second that takes those two arguments plus an instance of Throwable, which makes it
easy to log information about a particular exception that your application might throw. Here are some
sample log function signatures:

// Log a message at DEBUG log level
Log.d(TAG, "Current question index: $currentIndex")

try {
val question = questionBank[currentIndex]
} catch (ex: ArrayIndexOutOfBoundsException) {

// Log a message at ERROR log level along with an exception stack trace
Log.e(TAG, "Index was out of bounds", ex)

Challenge: Preventing Repeat Answers

Once a user provides an answer for a particular question, disable the buttons for that question to
prevent multiple answers being entered.

Challenge: Graded Quiz

After the user provides answers for all the quiz questions, display a Toast with a percentage score for
the quiz. Good luck!
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Destroying and re-creating activities on rotation can cause headaches, such as GeoQuiz’s bug

of reverting to the first question when the device is rotated. To fix this bug, the post-rotation
MainActivity instance needs to retain the old value of currentIndex. You need a way to save this data
across a runtime configuration change, like rotation.

Luckily, there is a class that survives rotation that you can use to store your state. In this chapter, you
will fix GeoQuiz’s Ul state loss on rotation bug by storing its Ul data in a ViewModel.

A ViewModel is the perfect complement to an Activity because of its simple lifecycle and ability to
persist data across configuration changes. It is usually scoped to a single screen and is a useful place
to put logic involved in formatting the data to display on that screen. Using a ViewModel aggregates all
the data the screen needs in one place, formats the data, and makes it easy to access the end result.

You will also address a bug that is harder to discover, but equally problematic — UI state loss on
process death — using a SavedStateHandle. This class allows you to temporarily store simple data
outside the lifecycle of your app’s process.
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Including the ViewModel Dependency

Before you can write a ViewModel class, you need to include two libraries in your project. The
ViewModel class comes from an Android Jetpack library called androidx. lifecycle, one of many
libraries that you will use throughout this book. (You will learn more about Jetpack later in this
chapter.) You will also include the androidx.activity library, which adds some functionality to your
MainActivity.

To include libraries in your project, you add them to the list of dependencies. Like the configuration for
View Binding you did back in Chapter 2, your project’s dependencies live in the app/build.gradle
file. Under Gradle Scripts in the project tool window, open the build.gradle file labeled Module:
GeoQuiz.app so you can add our new dependencies. You should see something like:

plugins {
id 'com.android.application'
id 'kotlin-android'

}

android {
¥

dependencies {
implementation 'androidx.core:core—-ktx:1.7.0"'
implementation 'androidx.appcompat:appcompat:1.4.1"

The dependencies section already includes some libraries that your project requires. You might
recognize a few of them, such as Espresso or Kotlin. Gradle also allows you to specify new
dependencies. When your app is compiled, Gradle will find, download, and include the dependencies
for you. All you have to do is specify an exact string incantation, and Gradle will do the rest.

Add the androidx. lifecycle: lifecycle-viewmodel-ktx and androidx.activity:activity—ktx
dependencies to your app/build.gradle file, as shown in Listing 4.1. Their exact placement in the
dependencies section does not matter, but to keep things tidy it is good to put new dependencies under
the last existing implementation dependency.

Listing 4.1 Adding dependencies (app/build.gradle)
dependencies {
implementation 'androidx.constraintlayout:constraintlayout:2.

1.3'
implementation 'androidx.lifecycle:lifecycle-viewmodel-ktx:2.4.1'
implementation 'androidx.activity:activity-ktx:1.4.0'

As it did when you made the change to enable View Binding, Android Studio will prompt you to
sync the file. Either click Sync Now in the prompt or select File = Sync Project with Gradle Files, and
Gradle will take care of the rest.
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Adding a ViewModel

You are ready to create your ViewModel subclass, QuizViewModel. In the project tool window, right-
click the com.bignerdranch.android.geoquiz package and select New — Kotlin Class/File. Enter
QuizViewModel for the name and double-click Class in the list of options below.

In QuizViewModel.kt, add an init block and override onCleared(). Log the creation and destruction
of the QuizViewModel instance, as shown in Listing 4.2.

Listing 4.2 Creating a ViewModel class (QuizViewModel. kt)
private const val TAG = "QuizViewModel"
class QuizViewModel : ViewModel() {

init {

Log.d(TAG, "ViewModel instance created")
}

override fun onCleared() {
super.onCleared()
Log.d(TAG, "ViewModel instance about to be destroyed")
}

The onCleared() function is called just before a ViewModel is destroyed. This is a useful place to
perform any cleanup, such as un-observing a data source. For now, you simply log the fact that the
ViewModel is about to be destroyed so that you can explore its lifecycle, the same way you explored the
lifecycle of MainActivity in Chapter 3.

Now, open MainActivity.kt and associate the activity with an instance of QuizViewModel by invoking
the viewModels () property delegate.

Listing 4.3 Accessing the ViewModel (MainActivity.kt)
class MainActivity : AppCompatActivity() {
private lateinit var binding: ActivityMainBinding
private val quizViewModel: QuizViewModel by viewModels()
override fun onCreate(savedInstanceState: Bundle?) {
;é%ContentView(binding.root)
Log.d(TAG, "Got a QuizViewModel: $quizViewModel")

binding.trueButton.setOnClickListener { view: View —->
checkAnswer(true)
}
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The by keyword indicates that a property is implemented using a property delegate. In Kotlin, a
property delegate is, as the name suggests, a way to delegate the functionality of a property to an
external unit of code. A very common property delegate in Kotlin is lazy. The lazy property delegate
allows developers to save resources by waiting to initialize the property only when it is accessed.

The viewModels () property delegate works the same way: Your QuizViewModel will not be initialized
unless you access it. By referencing it in a logging message, you can initialize it and log the value on
the same line.

Under the hood, the viewModels () property delegate handles many things for you. When the activity
queries for a QuizViewModel for the first time, viewModels () creates and returns a new QuizViewModel
instance. When the activity queries for the QuizViewModel after a configuration change, the instance
that was first created is returned. When the activity is finished (such as when the user closes the app
from the overview screen), the ViewModel—Activity pair is removed from memory.

You should not directly instantiate the QuizViewModel within your Activity. Instead, rely on the
viewModels () property delegate. It might seem like instantiating the ViewModel yourself would work
just the same, but you would lose the benefit of the same instance being returned after your Activity’s
configuration change.

ViewModel lifecycle

You learned in Chapter 3 that activities transition between four states: resumed, started, created, and
nonexistent. You also learned about different ways an activity can be destroyed: either by the user
finishing the activity or by the system destroying it as a result of a configuration change.

When the user finishes an activity, they expect their UI state to be reset. When the user rotates an
activity, they expect their Ul state to be the same after rotation. ViewModel offers a way to keep

an activity’s Ul state data in memory across configuration changes. Its lifecycle mirrors the user’s
expectations: It survives configuration changes and is destroyed only when its associated activity is
finished.

When you associate a ViewModel instance with an activity’s lifecycle, as you did in Listing 4.3, the
ViewModel is said to be scoped to that activity’s lifecycle. This means the ViewModel will remain in
memory, regardless of the activity’s state, until the activity is finished. Once the activity is finished
(such as by the user closing the app from the overview screen), the ViewModel instance is destroyed.
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This means that the ViewModel stays in memory during a configuration change, such as rotation.
During the configuration change, the activity instance is destroyed and re-created, but any ViewModels
scoped to the activity stay in memory. This is depicted in Figure 4.1, using MainActivity and
QuizViewModel.

Figure 4.1 MainActivity and QuizViewModel across rotation

To see this in action, run GeoQuiz. In Logcat, select Edit Filter Configuration in the dropdown to create
a new filter. In the Log Tag box, enter QuizViewModel|MainActivity (the two class names with the

pipe character “I” between them) to show only logs tagged with either class name. Name the filter
ViewModelAndActivity (or another name that makes sense to you) and click OK (Figure 4.2).

Figure 4.2 Filtering QuizViewModel and MainActivity logs

B o [ ViewModelAndActivity
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Now look at the logs. When MainActivity first launches and logs the ViewModel in onCreate(..), a
new QuizViewModel instance is created. This is reflected in the logs (Figure 4.3).

Figure 4.3 QuizViewModel instance created

Rotate the device. The logs show the activity is destroyed (Figure 4.4). The QuizViewModel is not.
When the new instance of MainActivity is created after rotation, it requests a QuizViewModel. Since
the original QuizViewModel is still in memory, viewModels () returns that instance rather than creating
anew one.

Figure 4.4 MainActivity is destroyed and re-created; QuizViewModel persists

Finally, open the overview screen and close the application. QuizViewModel.onCleared() is called,
indicating that the QuizViewModel instance is about to be destroyed, as the logs show (Figure 4.5). The
QuizViewModel is destroyed, along with the MainActivity instance.

Figure 4.5 MainActivity and QuizViewModel destroyed
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The relationship between MainActivity and QuizViewModel is unidirectional. The activity references
the ViewModel, but the ViewModel does not access the activity. Your ViewModel should never hold a
reference to an activity or a view, otherwise you will introduce a memory leak.

A memory leak occurs when one object holds a strong reference to another object that should be
destroyed. The strong reference prevents the garbage collector from clearing the object from memory.
Memory leaks due to a configuration change are common bugs. (The details of strong reference and
garbage collection are outside the scope of this book. If you are not sure about these concepts, we
recommend reading up on them in a Kotlin or Java reference.)

Your ViewModel instance stays in memory across rotation, while your original activity instance gets
destroyed. If the ViewModel held a strong reference to the original activity instance, two problems
would occur: First, the original activity instance would not be removed from memory, and thus the
activity would be leaked. Second, the ViewModel would hold a reference to a stale activity. If the
ViewModel tried to update the view of the stale activity, it would trigger an IllegalStateException.

Add data to your ViewModel

Now it is finally time to fix GeoQuiz’s rotation bug. QuizViewModel is not destroyed on rotation the
way MainActivity is, so you can stash the activity’s Ul state data in the QuizViewModel instance and
it, too, will survive rotation.

You are going to cut the question and current index data from your activity and paste them in
your ViewModel, along with all the logic related to them. Begin by cutting the currentIndex and
questionBank properties from MainActivity (Listing 4.4).

Listing 4.4 Cutting model data from activity (MainActivity.kt)

class MainActivity : AppCompatActivity() {
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Now, paste the currentIndex and questionBank properties into QuizViewModel, as shown in Listing
4.5. While you are editing QuizViewModel, delete the init and onCleared() logging, as you will not
use them again.

Listing 4.5 Pasting model data into QuizViewModel (QuizViewModel. kt)
class QuizViewModel : ViewModel() {

init g

1

everride—fun—entteared—f
super-ontltearedt)

¥

private val questionBank = 1istOf(
Question(R.string.question_australia, true),
Question(R.string.question_oceans, true),
Question(R.string.question_mideast, false),
Question(R.string.question_africa, false),
Question(R.string.question_americas, true),
Question(R.string.question_asia, true)

)

private var currentIndex = 0

}

Next, add a function to QuizViewModel to advance to the next question. Also, add computed properties
to return the text and answer for the current question.

Listing 4.6 Adding business logic to QuizViewModel (QuizViewModel. kt)
class QuizViewModel : ViewModel() {

private val questionBank = 1istOf(

)

private var currentIndex: Int = 0

val currentQuestionAnswer: Boolean
get() = questionBank[currentIndex].answer

val currentQuestionText: Int
get() = questionBank[currentIndex].textResId

fun moveToNext() {
currentIndex = (currentIndex + 1) % questionBank.size
}
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Earlier, we said that a ViewModel stores all the data that its associated screen needs, formats it, and
makes it easy to access. This allows you to remove presentation logic code, such as the current index,
from the activity — which in turn keeps your activity simpler. And keeping activities as simple as
possible is a good thing: Any logic you put in your activity might be unintentionally affected by

the activity’s lifecycle. Also, removing presentation logic means the activity is only responsible for
handling what appears on the screen, not the logic behind determining the data to display.

Next, finish cleaning up MainActivity. You are ready to delete the old computation of
currentIndex, and you will also make a couple other changes. Since you do not want to directly
access MainActivity from within your ViewModel, you will leave the updateQuestion() and
checkAnswer (Boolean)functions in MainActivity — but you will update them to call through to the
new, smarter computed properties in QuizViewModel.

Listing 4.7 Updating question through QuizViewModel (MainActivity.kt)
class MainActivity : AppCompatActivity() {
éQérride fun onCreate(savedInstanceState: Bundle?) {
Biading.nextButton.setOnClickListener { ) .
quizViewModel.moveToNext () .
updateQuestion()
¥
6;ivate fun updateQuestion() {
val questionTextResId = quizViewModel.currentQuestionText
, binding.questionTextView.setText(questionTextResId)
private fun checkAnswer(userAster: Boolean) {

val correctAnswer = quizViewModel.currentQuestionAnswer

}

Run GeoQuiz, press NEXT, and rotate the device or emulator. No matter how many times you rotate,
the newly minted MainActivity will “remember” what question you were on. Do a happy dance to
celebrate solving the UI state loss on rotation bug.

But do not dance too long. There is another, less easily discoverable bug to squash.

77



Chapter 4 Persisting Ul State

Saving Data Across Process Death

Configuration changes are not the only time the OS can destroy an activity even though the user does
not intend it to.

Each app gets its own process (more specifically, a Linux process) containing a single thread to execute
Ul-related work on and a piece of memory to store objects in. An app’s process can be destroyed by
the OS if the user navigates away for a while and Android needs to reclaim memory. When an app’s
process is destroyed, all the objects stored in that process’s memory are destroyed.

Processes containing resumed or started activities get higher priority than other processes. When
the OS needs to free up resources, it will select lower-priority processes first. Practically speaking,
a process containing a visible activity will not be reclaimed by the OS. If a foreground process does
get reclaimed, that means something is horribly wrong with the device (and your app being killed is
probably the least of the user’s concerns).

But processes that do not have any activities in the started or resumed state are fair game to be killed.
So, for example, if the user navigates to the Home screen and then goes and watches a video or plays a
game, your app’s process might be killed.

Activities themselves are not individually destroyed in low-memory situations. Instead, Android clears
an entire app process from memory, taking any of the app’s in-memory activities with it.

When the OS destroys the app’s process, any of the app’s activities and ViewModels stored in memory
will be wiped away. And the OS will not be nice about the destruction. There is no guarantee that it
will call any of the activity or ViewModel lifecycle callback functions.

So how can you save Ul state data and use it to reconstruct the activity so that the user never even
knows the activity was destroyed? One way to do this is to store data in saved instance state. Saved
instance state is data the OS temporarily stores outside of the activity. You can add values to saved
instance state by using a SavedStateHandle.

Back in the early days of Android, you would be responsible for handling saved instance state like it
was a lifecycle callback. Now, you can pass a SavedStateHandle into your ViewModel through the
constructor. You can use the SavedStateHandle like a key-value map, storing simple pieces of data
like integers and strings. This slides very cleanly into the code you have already written; all you will
need to change is to make currentIndex a computed property.

Make it happen in QuizViewModel.kt.
Listing 4.8 Storing data in the SavedStateHandle (QuizViewModel. kt)

private const val TAG = "QuizViewModel"
const val CURRENT_INDEX_KEY = "CURRENT_INDEX_KEY"

class QuizViewModel(private val savedStateHandle: SavedStateHandle) : ViewModel() {
private var currentIndex: Int =—8
get() = savedStateHandle.get(CURRENT_INDEX_KEY) ?: O
set(value) = savedStateHandle.set(CURRENT_INDEX_KEY, value)

I

When you first launch the activity, the value for currentIndex in the SavedStateHandle map is null,
so for currentIndex’s getter, you provide a default value of 0. This replicates the existing behavior of
initializing currentIndex to O.
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Rotation is easy to test. And, luckily, so is the low-memory situation. Try it out now to see for yourself.

Connect your hardware device and open up Developer options in its Settings app. (If you do not see
Developer options, follow the steps back in Chapter 2 to enable them.) Within Developer options, scroll
down to the Apps section and turn on the setting labeled Don't keep activities, as shown in Figure 4.6.

Figure 4.6 Don’t keep activities

Standard limit

n an app
lid channel

Now run GeoQuiz on the device, press NEXT to move to another question, and navigate to the Home
screen. Returning to the Home screen causes the activity to receive calls to onPause () and onStop(),
as you know. The logs tell you that the activity has also been destroyed, just as if the Android OS had
reclaimed it for its memory.

Restore the app (using the list of apps on the device) to see whether your state was saved as you
expected. Pat yourself on the back when GeoQuiz opens to the question you last saw.

Be sure to turn Don't keep activities off when you are done testing, as it will cause a performance
decrease.

79



Chapter 4 Persisting Ul State

That is all you have to do to correctly handle process death. You might note that you store
currentIndex within the SavedStateHandle and not, say, questionBank. SavedStateHandle has its
limitations. The data within SavedStateHandle is serialized and written to disk, so you should avoid
stashing any large or complex objects. You should only use SavedStateHandle to store the minimal
amount of information necessary to re-create the Ul state (for example, the current question index).

Neither ViewModel nor SavedStateHand1e is a solution for long-term storage. If your app needs to
store data that should live as long as the app is installed on the device, regardless of your activity’s
state, use a persistent storage alternative. You will learn about two local persistent storage options in
this book: databases, in Chapter 12, and shared preferences, in Chapter 21. In addition to local storage,
you could store data on a remote server somewhere. You will learn how to access data from a web
server in Chapter 20.

In this chapter, you squashed GeoQuiz’s state-loss bugs by correctly accounting for configuration
changes and process death. In the next two chapters, you will learn how to use Android Studio’s
debugging and testing tools to troubleshoot other, more app-specific bugs that might arise and to test
your app’s functionality. In Chapter 7, you will add a new feature to GeoQuiz: cheating.
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For the More Curious: Jetpack, AndroidX, and
Architecture Components

The androidx. lifecycle library containing ViewModel is part of Android Jetpack Components.
Android Jetpack Components, called Jetpack for short, is a set of libraries created by Google to

make various aspects of Android development easier. You can see a list of the Jetpack libraries at
developer.android.com/jetpack. You can include any of these libraries in your project by adding the
corresponding dependency to your app/build.gradle file, as you did in this chapter.

Each Jetpack library is located in a package that starts with androidx. For this reason, you will
sometimes hear the terms “AndroidX” and “Jetpack” used interchangeably.

Jetpack libraries make up the backbone of most modern Android apps. When you generated GeoQuiz,
Android Studio included a few of them by default. As you continue in this book, you will encounter
several Jetpack libraries, such as Fragments (Chapter 9), Room (Chapter 12), and WorkManager
(Chapter 22).

Some of the Jetpack components are entirely new. Others have been around for a while but were
previously lumped into a handful of much larger libraries collectively called the Support Library. If you
hear or see anything about the Support Library, know that you should now use the Jetpack (AndroidX)
version of that library instead.

For the More Curious: Avoiding a Half-Baked Solution

Some people try to address the Ul state loss on configuration change bug in their app by disabling
rotation. If the user cannot rotate the app, they never lose their UI state, right? That is true — but, sadly,
this approach leaves your app prone to other bugs. While this smooths over the rough edge of rotation,
it leaves other lifecycle bugs that users will surely encounter, but that will not necessarily present
themselves during development and testing.

First, there are other configuration changes that can occur at runtime, such as window resizing and
night mode changes. And yes, you could also capture and ignore or handle those changes. But this is
a bad practice — it disables a feature of the system, which is to automatically select the right resources
based on the runtime configuration.

Second, disabling rotation does not solve the process death issue.

If you want to lock your app into portrait or landscape mode because it makes sense for your app, you
should still program defensively against configuration changes and process death. And you are now
equipped to do so with your newfound knowledge of ViewModel and saved instance state.

In short, dealing with UI state loss by blocking configuration changes is bad form. We are only
mentioning it so that you will recognize it as such if you see it out in the wild.
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For the More Curious: Activity and Instance State

SavedStateHandle is an easy-to-use API that allows you to safely store and retrieve instance state
and persist that information even if your process is killed. But it has not always been around. Before
SavedStateHandle was released in 2020, developers were expected to use APIs within Activity.

To store instance state, developers used the Activity.onSaveInstanceState(Bundle) function.
Similar to Activity.onPause() and Activity.onStop(), Activity.onSaveInstanceState(Bundle)
is like a lifecycle callback called during the teardown of an activity. To retrieve instance state,
developers used an API you are already familiar with: Activity.onCreate(Bundle?). The Bundle?
passed in as a parameter is the saved instance state.

With the adoption of the ViewModel library throughout the Android ecosystem, using these old APIs
became awkward and resulted in confusing code. There were multiple places where you had to pass
data between your ViewModel and Activity, and keeping state consistent between the two was error
prone.

With the SavedStateHandle and ViewModel classes, you can keep all the instance state business logic
within your ViewModel. That means you can avoid the awkward dance between your ViewModel and
Activity — and also make your Activity simpler. So if you have an old codebase and see the old
Activity APIs used to store and retrieve instance state, consider refactoring to use SavedStateHandle
instead.
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In this chapter, you will find out what to do when apps get buggy. You will learn how to use Logcat,
Android Lint, and the debugger that comes with Android Studio.

To practice debugging, the first step is to break something. In MainActivity.kt, comment out the code
in onCreate(Bundle?) where you initialize binding.

Listing 5.1 Commenting out a crucial line (MainActivity.kt)
override fun onCreate(savedInstanceState: Bundle?) {
super.onCreate(savedInstanceState)
Log.d(TAG, "onCreate(Bundle?) called")
// binding = ActivityMainBinding.inflate(layoutInflater)

b

Run GeoQuiz and see what happens. The app will crash and burn almost immediately.
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If you watch the screen, you may see the app appear for a brief moment before vanishing without a
word. On older versions of Android, you might see a dialog pop up. If you do not, launch the app again
by pressing the GeoQuiz icon on the launcher screen. This time, when the app crashes you will see a
message like the one shown in Figure 5.1.

Figure 5.1 GeoQuiz is about to E.X.P.L.O.D.E.

GeoQuiz keeps stopping

App info

Close app

Of course, you know exactly what is wrong with your app. But if you did not, it might help to look at
your app from a new perspective.
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Exceptions and Stack Traces

Expand the Logcat tool window so that you can see what has happened. If you scroll up and down in
Logcat, you should find an expanse of red, as shown in Figure 5.2. This is a standard AndroidRuntime
exception report.

If you do not see much in Logcat and cannot find the exception, you may need to select the Show only
selected application or No Filters option in the filter dropdown. On the other hand, if you see too much
in Logcat, you can adjust the log level from Verbose to Error, which will show only the most severe
log messages. You can also search for the text fatal exception, which will bring you straight to the
exception that caused the app to crash.

Figure 5.2 Exception and stack trace in Logcat

The report tells you the top-level exception and its stack trace, then the exception that caused that
exception and its stack trace, and so on until it finds an exception with no cause.

It may seem strange to see a java. lang exception in the stack trace, since you are writing

Kotlin code. When building for Android, Kotlin code is compiled to the same kind of low-level
bytecode Java code is compiled to. During that process, many Kotlin exceptions are mapped to

java. lang exception classes through type-aliasing. kotlin.RuntimeException is the superclass of
kotlin.UninitializedPropertyAccessException, and it is aliased to java.lang.RuntimeException
when running on Android.

In most of the code you will write, the last exception in the Logcat report — the

one with no cause — is the interesting one. Here, the exception without a cause is a
kotlin.UninitializedPropertyAccessException. The line just below this exception is the first line
in its stack trace. This line tells you the class and function where the exception occurred as well as
what file and line number the exception occurred on. Click the blue link, and Android Studio will take
you to that line in your source code.

The line you are taken to is the first use of the binding variable, inside onCreate (Bundle?). The name
UninitializedPropertyAccessException gives you a hint to the problem: This variable was not
initialized.
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Uncomment the line initializing binding to fix the bug.

Listing 5.2 Uncommenting a crucial line (MainActivity.kt)

override fun onCreate(savedInstanceState: Bundle?) {
super.onCreate(savedInstanceState)
Log.d(TAG, "onCreate(Bundle?) called")
#+ binding = ActivityMainBinding.inflate(layoutInflater)

}

When you encounter runtime exceptions, remember to look for the last exception in Logcat and the
first line in its stack trace that refers to code that you have written. That is where the problem occurred,
and it is the best place to start looking for answers.

If a crash occurs while a device is not plugged in, all is not lost. The device will store the latest lines
written to the log. The length and expiration of the stored log depends on the device, but you can
usually count on retrieving log results within 10 minutes. Just plug in the device and select it in the
Devices view. Logcat will fill itself with the stored log.

Diagnosing misbehaviors

Problems with your apps will not always be crashes. In some cases, they will be misbehaviors. For
example, suppose that nothing happened any time you pressed the NEXT button. That would be a
noncrashing, misbehaving bug.

In QuizViewModel. kt, comment out the code in the moveToNext () function that increments the current
question index.

Listing 5.3 Forgetting a critical line of code (QuizViewModel. kt)

fun moveToNext() {
// currentIndex = (currentIndex + 1) % questionBank.size
¥

Run GeoQuiz and press the NEXT button. You should see no effect.

This bug is trickier than the last bug. It is not throwing an exception, so fixing the bug is not a simple
matter of making the exception go away. On top of that, this misbehavior could be caused in two
different ways: The index might not be changed, or code to update the UI might not be called.

You know what caused this bug, because you just introduced it intentionally. But if this type of bug
popped up on its own and you had no idea what was causing the problem, you would need to track
down the culprit. In the next few sections, you will see two ways to do this: diagnostic logging of a
stack trace and using the debugger to set a breakpoint.
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Logging stack traces

In QuizViewModel, add a log statement to moveToNext ().

Listing 5.4 Exception for fun and profit (QuizViewModel.kt)

fun moveToNext() {
Log.d(TAG, "Updating question text", Exception())
// currentIndex = (currentIndex + 1) % questionBank.size

b

The Log.d(String, String, Throwable) version of Log.d logs the entire stack trace, like the
UninitializedPropertyAccessException you saw earlier. The stack trace will tell you where the call
to moveToNext () was made.

The exception that you pass to Log.d(String, String, Throwable) does not have to be a thrown
exception that you caught. You can create a brand new Exception and pass it to the function without
ever throwing it, and you will get a report of where the exception was created.

Run GeoQuiz, press the NEXT button, and then check the output in Logcat (Figure 5.3).

Figure 5.3 The results

The top line in the stack trace is the line where you logged out the Exception. On the next line, you
can see where moveToNext () was called from within your MainActivity. Click the link on this line,
and you will be taken to where you commented out the line to increment your question index. But do
not get rid of the bug; you are going to use the debugger to find it again in a moment.

Logging out stack traces is a powerful tool, but it is also a verbose one. Leave a bunch of these hanging
around, and soon Logcat will be an unmanageable mess. Also, a competitor might steal your ideas by
reading your stack traces to understand what your code is doing.

On the other hand, sometimes a stack trace showing what your code does is exactly what you need. If
you are seeking help with a problem at stackoverflow.comor forums.bignerdranch.com, it often
helps to include a stack trace. You can copy and paste lines directly from Logcat.
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Setting breakpoints

Now you will use the debugger that comes with Android Studio to track down the same bug. You will
set a breakpoint in moveToNext () to see whether it was called. A breakpoint pauses execution before
the line executes and allows you to examine line by line what happens next.

In QuizViewModel. kt, return to the moveToNext () function. Next to the first line of this function, click
the gray gutter area in the lefthand margin. You should see a red circle in the gutter like the one shown
in Figure 5.4. This is a breakpoint.

Figure 5.4 A breakpoint

' "Jpdating guestion text, Exception())

To engage the debugger and trigger your breakpoint, you need to debug your app instead of running it.
To debug your app, click the Debug 'app’ button (Figure 5.5). You can also navigate to Run — Debug
‘app’ in the menu bar. Your device will report that it is waiting for the debugger to attach, and then it
will proceed normally.

Figure 5.5 Debug app buttons

In some circumstances, you may want to debug a running app without relaunching it. You can attach
the debugger to a running application by clicking the Attach Debugger to Android Process button
shown in Figure 5.5 or by navigating to Run — Attach to process.... Choose your app’s process on the
dialog that appears and click OK, and the debugger will attach. Note that breakpoints are only active
when the debugger is attached, so any breakpoints that are hit before you attach the debugger will be
ignored.
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Click the NEXT button. In Figure 5.6, you can see that QuizViewModel.kt is now open in the editor
and that the line with the breakpoint where execution has paused is highlighted. The debug tool
window at the bottom of the screen is now visible. It contains the Frames and Variables views. (If the
debug tool window did not open automatically, you can open it by clicking the Debug tool window bar
at the bottom of the Android Studio window.)

Figure 5.6 Stop right there!
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You can use the arrow buttons at the top of the debug tool window (Figure 5.7) to step through your
program. You can use the Evaluate Expression button to execute simple Kotlin statements on demand
during debugging, which is a powerful tool.

Figure 5.7 Debug tool window controls

Now that you are stopped at an interesting point of execution, you can take a look around. The
Variables view allows you to examine the values of the objects in your program. At the top, you should
see the value this (the QuizViewModel instance itself).

Expand the this variable to see all the variables declared in QuizViewModel and in QuizViewModel’s
superclass (ViewModel). For now, focus on the variables that you created.

You are only interested in one value — currentIndex — but it is not here. That is because
currentIndex is a computed property. Note that you also do not see currentQuestionAnswer or
currentQuestionText. But questionBank is there. Expand it and look at each one of its Questions
(Figure 5.8).

Figure 5.8 Inspecting variable values at runtime
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Even though you do not see currentIndex, you can still access it. Click the Evaluate Expression
button within the debug tool window. In the Expression: text field, enter currentindex and press the
Evaluate button (Figure 5.9).

Figure 5.9 Evaluating the current index

The debugger will evaluate and print the current value of currentIndex. You pressed the NEXT button,
which should have resulted in currentIndex being incremented from @ to 1. So you would expect
currentIndex to have a value of 1. However, as shown in Figure 5.9, currentIndex still has a value of
0.

Close the Evaluate window. As you already knew, the problematic behavior results from the code
within QuizViewModel.moveToNext () never being called (because you commented it out). You will
want to fix this implementation — but before you make any changes to code, you should stop debugging
your app. If you edit your code while debugging, the code running with the debugger attached will

be out of date compared to what is in the editor tool window, so the debugger can show misleading
information compared to the updated code.
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You can stop debugging in two ways: You can stop the program, or you can simply disconnect the
debugger. To stop the program, click the Stop button shown in Figure 5.7.

Now return your QuizViewModel to its former glory. You are done with the log message (and the TAG
constant), so delete them to keep your file tidy. Also, remove the breakpoint you set by clicking it in
the gutter.

Listing 5.5 Returning to normalcy (QuizViewModel. kt)

const val CURRENT_INDEX_KEY = "CURRENT_INDEX_KEY"

class QuizViewModel(private val savedStateHandle: SavedStateHandle) : ViewModel() {

fun moveToNext() {

#+ currentIndex = (currentIndex + 1) % questionBank.size
¥

You have tried two ways of tracking down a misbehaving line of code: stack trace logging and setting
a breakpoint in the debugger. Which is better? Each has its uses, and one or the other will probably end
up being your favorite.

Logging stack traces has the advantage that you can see stack traces from multiple places in one log.
The downside is that to learn something new you have to add new log statements, rebuild, deploy, and
navigate through your app to see what happened.

The debugger is more convenient. If you run your app with the debugger attached (or attach the
debugger to the application’s process after it has started), then you can set a breakpoint while the
application is running and poke around to get information about multiple issues.
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Android-Specific Debugging

Most Android debugging is just like Kotlin debugging. However, you will sometimes run into issues
with Android-specific parts, such as resources, that the Kotlin compiler knows nothing about. In this
section, you will learn about Android Lint and issues with the build system.

Using Android Lint

Android Lint (or just “Lint”) is a static analyzer for Android code. A static analyzer is a program
that examines your code to find defects without running it. Lint uses its knowledge of the Android
frameworks to look deeper into your code and find problems that the compiler cannot. In many cases,
Lint’s advice is worth taking.

In Chapter 8, you will see Lint warn you about compatibility problems. Lint can also perform type-
checking for objects that are defined in XML.

You can manually run Lint to see all the potential issues in your project, including those that are less
serious. In fact, let’s add a small issue to the project. Suppose you did not like the question text being
centered, so you decided to left-align it. Open activity_main.xml and make that change.

Listing 5.6 Shifting the text left (activity_main.xml)

<?xml version="1.0" encoding="utf-8"7?>
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"
>

<TextView
android:id="@+id/question_text_view"
android: layout_width="wrap_content"
android: layout_height="wrap_content"

android:gravity="1left"
android:padding="24dp"
tools:text="@string/question_australia"/>

</LinearLayout>

Once you have made that change, select Analyze — Inspect Code... from the menu bar. You will be
asked which parts of your project you would like to inspect. Choose Whole project and click OK.
Android Studio will run Android Lint as well as a few other static analyzers on your code, such as
spelling and Kotlin checks.
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When the scan is complete, you will see categories of potential issues in the inspection tool window.
Expand the Android and Lint categories to see Lint’s information about your project (Figure 5.10).

Figure 5.10 Lint warnings

(Do not be concerned if you see a different number of Lint warnings. The Android toolchain is
constantly evolving, and new checks may have been added to Lint, new restrictions may have been
added to the Android framework, and newer versions of tools and dependencies may have become
available.)

Expand Internationalization and then, under it, expand Bidirectional Text to see more detailed
information on this issue in your project. Click Using left/right instead of start/end attributes to learn
about this particular warning (Figure 5.11).

Figure 5.11 Lint warning description

Lint is warning you that using right and left values for layout attributes could be problematic if your
app is used on a device set to a language that reads from right to left instead of left to right. (You will
learn about making your app ready for international use in Chapter 18.)
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Dig further to see which file and line or lines of code caused the warning. Expand Using left/right
instead of start/end attributes. Click the offending file, activity_main.xm1l, to see the snippet of code
with the problem (Figure 5.12).

Figure 5.12 Viewing the code that caused the warning

~ Android

Double-click the warning description that appears under the filename. This will open
activity_main.xml in the editor tool window and place the cursor on the line causing the warning
(which, not coincidentally, is the change you just made).

Undo the change you made and rerun Lint to confirm that the bidirectional text issue you just fixed

is no longer listed in the Lint results. For the most part, your app will execute just fine even if you do
not address the things Lint warns you about. Often, though, addressing Lint warnings can help prevent
problems in the future or make your users’ experience better.

We recommend you take all Lint warnings seriously, even if you ultimately decide not to address them.
Otherwise you could get used to ignoring Lint and miss a serious problem.

The Lint tool provides detailed information about each issue it finds and provides suggestions for

how to address it. We leave it to you as an exercise to review the other issues Lint found in GeoQuiz.
You can ignore the issues, fix them as Lint recommends, or use the Suppress button in the problem
description pane to suppress the warnings in the future. For the remainder of the GeoQuiz chapters, we
will assume you left the remaining Lint issues unaddressed.
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Build issues

Everyone will eventually make a mistake while coding: a forgotten piece of punctuation here, a typo
there. It is very common to have a build error happen while you are trying to run your app. Sometimes
these build errors will persist or appear seemingly out of nowhere. If this happens to you, here are
some things you can try:

Recheck the validity of the XML in your resource files

Gradle does a good job of surfacing errors to developers in an actionable way. However, there
are times when your app will not compile but Gradle gives you nothing to work with. Often, this
is caused by a typo in one of your XML files. Layout XML is not always validated, so typos in
these files may not be pointedly brought to your attention. Finding the typo and resaving the file
should fix the issue.

Clean your build

Select Build = Clean Project. Android Studio will rebuild the project from scratch, which often
results in an error-free build. We can all use a deep clean every now and then.

Sync your project with Gradle

If you make changes to your build.gradle files, you will need to sync those changes to update
your project’s build settings. Select File = Sync Project with Gradle Files. Android Studio will
rebuild the project from scratch with the correct project settings, which can help to resolve
issues after changing your Gradle configuration.

Run Android Lint

Pay close attention to the warnings from Lint. With this tool, you will often discover unexpected
issues.

Clean your project

If you have gotten this far down the debugging trail, things are not good. On very rare
occasions, clearing out the caches that Android Studio uses could help solve your problem.
Select File = Invalidate Caches/Restart.... Android Studio will perform some maintenance on
the project and restart itself when it is done.

If you are still having problems with resources (or are having different problems), give the error
messages and your layout files a fresh look. It is easy to overlook mistakes in the heat of the moment.
Check out any Lint errors and warnings as well. A cool-headed reconsideration of the error messages
may turn up a bug or typo.

Finally, if you are stuck or having other issues with Android Studio, check the archives at
stackoverflow. com or visit the forum for this book at forums.bignerdranch.com.
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Challenge: Using Conditional Breakpoints

Breakpoints are a very useful tool in debugging, but sometimes you hit your breakpoints too often
during execution and they become a burden rather than benefit. In these instances, you can use a
conditional breakpoint to limit the number of times execution pauses. You can access the dialog to

set up a conditional breakpoint by right-clicking an existing breakpoint. Try pausing execution within
the updateQuestion() function within MainActivity only when the answer to the current question is
“true.”

Challenge: Exploring the Layout Inspector

For support debugging layout file issues, the layout inspector can be used to interactively inspect how
a layout file is rendered to the screen. To use the layout inspector, make sure GeoQuiz is running in the
emulator and select Tools — Layout Inspector from the menu bar. Once the inspector is activated, you
can explore the properties of your layout by clicking the elements within the layout inspector view.

Challenge: Exploring the Profiler

The profiler tool window creates detailed reports for how your application is using an Android device’s
resources, such as CPU and memory. It is useful when assessing and tuning the performance of your

app.
To view the profiler tool window, run your app on a connected Android device or emulator and select

View — Tool Windows — Profiler from the menu bar. Once the profiler is open, you can see a timeline
with sections for CPU, memory, network, and energy.

Click into a section to see more details about your app’s usage of that resource. On the CPU view,
make sure to hit the Record button to capture more information about CPU usage. After you have
performed any interactions with your app that you would like to record, hit the Stop button to stop the
recording.
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Testing

Up to this point, whenever you have made a change in GeoQuiz, you have been forced to compile and
deploy an updated version of your app. After waiting for the updated app to install on your device, you
can finally interact with the app and observe the new changes. This is a relatively slow process, even
for a small app, and it will only get slower as your app becomes more complex.

Unit testing is the practice of writing and using small programs to verify the standalone behavior of a
unit of code within your app. It can speed up the cycle of developing new features and then verifying
that they work as expected. And as your app gains more functionality, unit testing can give you more
confidence that your existing functionality remains intact, preventing regressions in behavior — bugs
where features that previously worked stop working.

In this chapter, you will get your feet wet by writing some tests to validate existing functionality within
GeoQuiz.

Two Types of Tests

Unit tests on Android fall into two buckets: JVM fests and instrumented tests. JVM tests execute on
your development machine (that is, your laptop or desktop) through a JVM. Instrumented tests execute
directly on an Android device. Each type of test has benefits and downsides, so you will find that you
use both depending on what you need at a particular point in development.

JVM tests can complete execution in milliseconds, while instrumented tests are orders of magnitude
slower and can take seconds to complete. On the flip side, since instrumented tests execute directly on
the device that runs your app, you can be confident that the tests accurately represent what will happen
when users interact with your app. Additionally, without workarounds, you can only interact with the
Android SDK (classes like Activity, TextView, and so on) through instrumented tests.

The different test types reside in different source sets in the codebase. With Gradle, different groups of
code — source sets — are compiled for different situations.
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In Android Studio, switch your project tool window to the Project view so you can see GeoQuiz’s

directory structure. Expand the GeoQuiz/app/src/ directory. It has three subdirectories: androidTest,
main, and test [unitTestl].

Figure 6.1 A look at the src subdirectories

These three subdirectories are source sets. So far, you have been writing code in the main source set.
It holds the code that is compiled and packaged when you install the app on an Android device. JVM
tests are located in the test source set. Instrumented tests are located in the androidTest source set.

Switch back to the Android view. The three source sets are still there, under the java
directory, but they are labeled differently. The directory with just your package name,
com.bignerdranch.android.geoquiz, is the main source set. The two testing source
sets are highlighted green and have their names in parentheses after the package name:
com.bignerdranch.android.geoquiz (androidTest) for instrumented tests and
com.bignerdranch.android.geoquiz (test) for JVM tests.
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JVM Tests

Let’s look at a JVM test to see how it is structured. When Android Studio generated GeoQuiz’s project
files, it also generated some unit tests for you. In com.bignerdranch.android.geoquiz (test), find
and open ExampleUnitTest.kt:

class ExampleUnitTest {
@Test
fun addition_isCorrect() {
assertEquals(4, 2 + 2)
}

Both JVM and instrumented tests are executed using the JUnit testing framework. JUnit is the most
popular way of unit testing code in Java and Kotlin and is widely supported on Android.

JUnit tests are encapsulated by classes. Within these classes, individual tests are functions marked by
the @Test annotation, which you can see in the example. When running your tests, JUnit finds and
executes the annotated functions.

The normal rules for naming functions do not apply to test functions. In fact, names for test functions

should be descriptive and verbose. We generally prefer names that describe the behavior we are trying
to verify. The name of the example test, addition_isCorrect(), clearly shows what it is designed to

check. It is a simple test that checks an expected value against an operation — here, 4 and 2 + 2.

To perform this check, addition_isCorrect uses the assertEquals() assertion. With JUnit, you can
assert that two values are equal, as in this example, or that one value is true, or any of several other
conditions. You can also perform multiple assertions within a single test.

JUnit uses these assertions to determine whether your test passes or fails: If any of the assertions fails,
then the entire test fails. Here, assertEquals() function takes in two parameters: 4 and 2 + 2. Since
those expressions evaluate to the same value, the assertion passes — and, as a result, the test passes.

On the left side of the editor tool window, in the gray area known as the gutter, you should see a

. icon on the same line as the class definition. Click that icon and then, in the pop-up, click Run
‘ExampleUnitTest' (Figure 6.2).
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Figure 6.2 Running your unit test

Saetuzl:

After compiling your code, Android Studio will open the run tool window and execute the unit tests for
the class. When the work is complete, you will see that your test passed (Figure 6.3).

Figure 6.3 The results of running your unit test

The Tests passed: 1 result in the lower-left corner of the Android Studio window indicates the test’s
successful result. To see what a failing test looks like, try changing the 4 to a 5. Run the test again.
Make sure to revert your changes before moving on.

Unit tests can be quick and easy ways to verify that your code is behaving the way you expect. And
JVM tests like addition_isCorrect() execute very quickly: The time required will vary based on
the horsepower of your development machine, but it could take as little as a millisecond to complete
execution.
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Now it is time for you to write your own test. A common pattern is to group and name tests based
on the class that they are testing, so, for example, MainActivity would have its associated tests in
a class called MainActivityTest. The first tests you are going to write will verify the behavior of
QuizViewModel.

You could create a new class file within the test source set and set up a QuizViewModelTest class
definition yourself, but Android Studio can help you with this common task. In the project tool
window, find and open QuizViewModel. kt. Now, in the editor tool window, place your cursor
anywhere in the class definition and press Command-Shift-T (Ctrl-Shift-T). In the pop-up, select
Create New Test... (Figure 6.4).

Figure 6.4 Creating a new test

This opens the Create Test dialog (Figure 6.5). The defaults for the name (the class name plus “Test”)
and the destination package are fine, and you will not be using any of the checkbox options. But there
is one field you do need to change: Select JUnit4 from the Testing library dropdown. (JUnit4 is the
testing framework Google supports for Android.)

Figure 6.5 Creating your own unit test
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(If you see JUnit4 library not found in the module, click the Fix button and wait a moment for the library
to be added and synced.)

Click OK. The next dialog asks you to choose a directory for your new test file. Since the code you are
testing does not interact with the core Android SDK, you can create a JVM test. Select the folder with
/test/ in its path and click OK (Figure 6.6).

Figure 6.6 The test directory for JVM tests

D@ﬁ

Diirectory Structure By Class By Filz
Y

I .../app/srcftestfiavafcom/bignerdranchfandroidfgecquiz

[
Your new QuizViewModelTest.kt file will open in the editor:

package com.bignerdranch.android.geoquiz
import org.junit.Assert.*

class QuizViewModelTest
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As in ExampleUnitTest, you are going to write functions with the @Test annotation. However, your
functions will be slightly more complex than the addition_isCorrect() example.

Within a unit test, code is normally organized in three distinct phases: first, you sef up your testing
environment, then you fest a specific unit of code, and finally you verify that the unit of code behaves
the way you expect. (You will sometimes see this pattern expressed as given, when, then.)

addition_isCorrect() is a very basic test. It requires no setup, and it tests and verifies behavior on
a single line. Your tests will set up by directly initializing a QuizViewModel, test by performing some
action on your QuizViewModel, and then verify by confirming that the output is what you expect.

The first test you will write will verify that your QuizViewModel provides the correct question text for
the first question just after it is initialized.

Recall that QuizViewModel’s only constructor parameter is the SavedStateHandle. You will first
need to initialize a saved instance state, which you can do with just an empty constructor, so that you
can initialize a QuizViewModel. Then you can use the same assertEquals() function you saw in

the example to verify that the currentQuestionText property on your QuizViewModel provides the
expected value.

Write your test, using the descriptive name providesExpectedQuestionText():

Listing 6.1 Writing your first JVM test (QuizViewModelTest.kt)

import androidx.lifecycle.SavedStateHandle
import org.junit.Assert.assertEquals
import org.junit.Test

class QuizViewModelTest {
@Test
fun providesExpectedQuestionText() {
val savedStateHandle = SavedStateHandle()
val quizViewModel = QuizViewModel(savedStateHandle)
assertEquals(R.string.question_australia, quizViewModel.currentQuestionText)

}

Run the test by clicking the . icon next to QuizViewModelTest and verify that it passes. Note that this
test includes set-up and verify phases, but no test behavior. Your next test will include all three phases.

The empty constructor is not the only one available to SavedStateHandle. You can also pass an
initial saved instance state as a map of key-value pairs into the SavedStateHandle constructor. Take
advantage of this functionality to write a test verifying the expected behavior when you are at the end
of the question bank and move to the next question: It should wrap around to the first question.

Listing 6.2 Passing input to your QuizViewModel (QuizViewModelTest.kt)

class QuizViewModelTest {
@Test
fun wrapsAroundQuestionBank() {
val savedStateHandle = SavedStateHandle(mapOf (CURRENT_INDEX_KEY to 5))
val quizViewModel = QuizViewModel(savedStateHandle)
assertEquals(R.string.question_asia, quizViewModel.currentQuestionText)

quizViewModel.moveToNext ()
assertEquals(R.string.question_australia, quizViewModel.currentQuestionText)
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Run both your tests and verify that they pass.

The ability to create instances of a ViewModel and pass data in as constructor parameters allows you to
write useful and reliable unit tests. This is one of the many reasons we recommend keeping business
logic in ViewModels rather than Android components like Activity.

Instrumented Tests with Espresso and
ActivityScenario

Let’s move on to instrumented tests. Begin by checking out the example that Android
Studio created. In com.bignerdranch.android.geoquiz (androidTest), find and open
ExampleInstrumentedTest.kt:

@RunWith(AndroidJUnit4::class)
class ExampleInstrumentedTest {
@Test
fun useAppContext() {
// Context of the app under test.
val appContext = InstrumentationRegistry.getInstrumentation().targetContext
assertEquals("com.bignerdranch.android.geoquiz", appContext.packageName)

b

Much of this code is similar to the tests you have seen so far: You have a class containing a function
annotated with @Test, and within that function there is an assertion to verify some behavior. But there
are also some differences: First, the class itself has an annotation, @RunWith(AndroidJUnit4::class),
which signals to JUnit that this test should be executed on an Android device. And the test function
relies on the Android SDK, specifically to verify that the app’s package name is the same as the value
you set when you created the app.

You are about to run ExampleInstrumentedTest, but you have some housekeeping to take care of
first. Since instrumented tests run on an Android device, not your development machine, you need to
either connect an Android device, as you did in Chapter 2, or run an emulator. Make sure the device
dropdown at the top of the Android Studio window shows the device or emulator you want to use, then

click the . icon in the gutter next to ExampleInstrumentedTest to run the test. Your test will execute,
and the successful result should display in the lower-left corner of the Android Studio window.

Now that you have seen how instrumented tests work, you will write a few tests of your own to cover
the functionality in MainActivity. You are going to use an API called ActivityScenario to set up
your testing environment, and you will use the Espresso library to test and verify the behavior within
MainActivity.

Create your test class file using the same Android Studio shortcut you used for QuizViewModelTest: In
the project tool window, find and open MainActivity.kt. Place your cursor inside the class definition
in the editor and press Command-Shift-T (Ctrl-Shift-T). Select Create New Test... in the pop-up.
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In the Create Test dialog, there are two fields you want to change this time. First, select JUnit4 from
the Testing library dropdown. (As before, click the Fix button if you see JUnit4 library not found

in the module.) Second, check both setUp/@Before and teardown/@After for the Generate option
(Figure 6.7).

Figure 6.7 Creating your own instrumented test
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Click OK. The final dialog asks you to choose the destination directory of the test. Since the code you
are testing interacts directly with the Android SDK, you need to create an instrumented test. Select the
folder containing /androidTest/ in its path and click OK (Figure 6.8).

Figure 6.8 The androidTest directory selection
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Android Studio will generate and open a fresh MainActivityTest.kt:
package com.bignerdranch.android.geoquiz

import org.junit.After
import org.junit.Before

class MainActivityTest {

@Before
fun setUp() {
}

@After
fun tearDown() {
}

}

Tests usually require a consistent environment to run in. The setUp() function, as the name suggests,
allows you to set up that environment. The @Before annotation ensures that JUnit executes the setUp()
function before every test. Similarly, the @After annotation ensures that tearDown (), where you can
take care of any needed clean-up, executes after each test. (These annotations are also available for
JVM tests.)

Since you cannot directly create an instance of MainActivity, you will use ActivityScenario. It will
handle creating an instance for you and will provide an isolated environment in which you can test the
instance. Set up the ActivityScenario as shown:

Listing 6.3 Setting up your tests for MainActivity (MainActivityTest.kt)

package com.bignerdranch.android.geoquiz

import androidx.test.core.app.ActivityScenario

import androidx.test.core.app.ActivityScenario.launch
import androidx.test.ext.junit.runners.AndroidJUnit4
import org.junit.After

import org.junit.Before

import org.junit.runner.RunWith

@RunWith(AndroidJUnit4::class)
class MainActivityTest {

private lateinit var scenario: ActivityScenario<MainActivity>
@Before

fun setUp() {
scenario = launch(MainActivity::class.java)
¥

@After

fun tearDown() {
scenario.close()

¥

b

(Do not forget the @unWith(AndroidJUnit4::class) annotation.)
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Now, setUp () will provide a fresh MainActivity before every test. At this point, you have your
MainActivity in the resumed lifecycle state, meaning it is fully visible and capable of user interaction.
This is the perfect environment to test its behavior.

The first behavior you are going to verify with a test is that when MainActivity is launched, the first
quiz question should be displayed. Enter the code below; we will walk you through what is happening
after you enter it.

Listing 6.4 Writing your first MainActivity test (MainActivityTest.kt)

import androidx.test.core.app.ActivityScenario. launch

import androidx.test.espresso.Espresso.onView

import androidx.test.espresso.assertion.ViewAssertions.matches
import androidx.test.espresso.matcher.ViewMatchers.withId
import androidx.test.espresso.matcher.ViewMatchers.withText
import androidx.test.ext.junit.runners.AndroidJUnit4

@RunWith(AndroidJUnit4::class)
class MainActivityTest {

@After

fun tearDown() {
scenario.close()

¥

@Test
fun showsFirstQuestionOnLaunch() {
onView(withId(R.id.question_text_view))
.check(matches (withText(R.string.question_australia)))

b

The position of your new showsFirstQuestionOnLaunch() function in the file does not matter, but it is
convention for the @Before and @After functions to come first. Note that you are using the same @Test
annotation that you used in your JVM tests.

This test shows off your first Espresso test. Espresso’s API is built as a fluent interface, meaning it
relies heavily on chaining methods together to perform complicated actions. This expression can be
broken into two pieces (Figure 6.9).

Figure 6.9 Breaking down an Espresso assertion

The first half, called the view matcher, finds the particular view you are interested in. In this case, that
is the TextView that displays the question text. The second half, called the view assertion, verifies the
behavior you are interested in. Here, that is displaying the question about Australia.

Fluent interfaces are meant to be easily readable. A simple translation of your test into English
would be: “On the view with the ID R. id.question_text_view, check that it matches the text from
R.string.question_australia.”
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Use the . icon in the gutter next to MainActivityTest to run the test you just wrote. After compiling
and eventually executing, you should see the test pass.

(If your test fails and gives you a cryptic error containing the message “lateinit property scenario has
not been initialized,” make sure you have disabled the “Don’t keep activities” setting on your device
that you enabled back in the section called Saving Data Across Process Death in Chapter 4.)

If you kept a close eye on your Android device while the test was running, you might have noticed
something: There were brief flashes where your MainActivity was displayed on the device.
ActivityScenario launched MainActivity, Espresso did its checks, and then your MainActivity was
closed.

Espresso is not limited to only observing UI. It can also perform actions (such as clicking buttons

or inputting text) on that UL. Write a second instrumented test to verify that when the user clicks the
NEXT button, they see the second question in the quiz. In addition to checking that your view matches
assertions, you will perform a click on your view:

Listing 6.5 Writing your second MainActivity test (MainActivityTest.kt)

import androidx.test.espresso.Espresso.onView
import androidx.test.espresso.action.ViewActions.click
import androidx.test.espresso.assertion.ViewAssertions.matches

@RunWith(AndroidJUnit4::class)
class MainActivityTest {
@Test
fun showsFirstQuestionOnLaunch() {
onView(withId(R.id.question_text_view))

.check(matches(withText(R.string.question_australia)))
}

@Test
fun showsSecondQuestionAfterNextPress() {
onView(withId(R.id.next_button)).perform(click())
onView(withId(R.id.question_text_view))
.check(matches (withText(R.string.question_oceans)))
¥

Run the tests. You should see that they both pass.
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The last test you are going to write will verify that you fixed the UI state loss on rotation bug
introduced back in Chapter 3.

ActivityScenario is a container for your MainActivity, and it gives you many ways to poke and
prod MainActivity. One of those tools is the ability to tear down and rebuild your Activity at will.
The function you are about to use, recreate(), will produce the same situation as when you rotate the
device. Thankfully, you have already fixed the state loss bug using SavedStateHandle. Your new test
will verify that.

Listing 6.6 Checking that re-creation is handled (MainActivityTest.kt)

@RunWith(AndroidJUnit4::class)
class MainActivityTest {

@Test
fun showsSecondQuestionAfterNextPress() {
onView(withId(R.id.next_button)).perform(click())
onView(withId(R.id.question_text_view))
.check(matches(withText(R.string.question_oceans)))

b

@Test
fun handlesActivityRecreation() {
onView(withId(R.id.next_button)).perform(click())
scenario.recreate()
onView(withId(R.id.question_text_view))
.check(matches (withText(R.string.question_oceans)))

}

Run all three tests and confirm that they all pass.

Instrumented tests for Activitys are important — and they are also more complicated to write and
slower to run than JVM tests on ViewModel. Plus, ViewModel tests allow you to fairly easily control
the input and output of a unit of code, which is the foundation for a well-written test. This difference
in “testability” is one of the many reasons we recommend keeping business logic in ViewModels rather
than Android components like Activity.

You now have the fundamentals of testing on Android down. But there is still so much more to learn.
There are entire books written on how to test software.

The best advice we can give here is to keep trying out new techniques during testing. Testing is a skill
that must be honed over time. As you gain more experience writing Android code and writing tests to
validate behavior, you will write better tests. And with better tests, you will release better apps.

Challenge: Asserting Yourself

In this chapter, you used assertEquals() to make assertions on your QuizViewModel. Checking
for equality is not the only assertion you can make in JUnit tests. You can also check whether
something is null (using assertNull()) or is true or false (using assertTrue() or assertFalse(),
respectively), among others. Try using assertTrue() or assertFalse() to verify that
QuizViewModel.currentQuestionAnswer behaves the way you expect it to.
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In this chapter, you will add a second activity to GeoQuiz. An activity controls a screen of information,
and your new activity will add a second screen that offers users a chance to cheat on the current
question by showing the answer. Figure 7.1 shows the new activity.

Figure 7.1 CheatActivity offers the chance to peek at the answer

12:00 PLTELN
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If users choose to view the answer and then return to the MainActivity and answer the question, they
will get a new message, shown in Figure 7.2.

Figure 7.2 MainActivity knows if you've been cheating

12:00 PLTELN

GeoQuiz

Canberra is the capital of Australia.

TRUE FALSE

Why is this a good Android programming exercise? Because you will learn how to:
* Create a new activity and a new layout for it.

 Start an activity from another activity. Starting an activity means asking the OS to create an
activity instance and call its onCreate(Bundle?) function.

» Pass data between the parent (starting) activity and the child (started) activity.
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Setting Up a Second Activity

There is a lot to do in this chapter. Fortunately, some of the grunt work can be done for you by Android
Studio’s New Android Activity wizard.

Before you invoke the magic, open res/values/strings.xml and add all the strings you will need for

this chapter.

Listing 7.1 Adding strings (res/values/strings.xml)

<resources>
<string
<string
<string

<string
<string

</resources>

name="incorrect_toast">Incorrect!</string>
name="warning_text">Are you sure you want to do this?</string>
name="show_answer_button">Show Answer</string>
name="cheat_button">Cheat!</string>
name="judgment_toast">Cheating is wrong.</string>
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Creating a new activity

Creating an activity typically involves touching at least three files: the Kotlin class file, an XML layout
file, and the application manifest. If you touch those files in the wrong ways, Android can get mad. To
ensure that you do it right, you can use Android Studio’s New Android Activity wizard.

Launch the New Android Activity wizard by right-clicking the app/java folder in the project tool
window. Choose New — Activity = Empty Activity, as shown in Figure 7.3.

Figure 7.3 The New Activity menu
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You should see a dialog like Figure 7.4. Set Activity Name to CheatActivity. This is the name of your
Activity subclass. Layout Name will be automatically set to activity_cheat. This is the base name of
the layout file the wizard creates.

Figure 7.4 The New Empty Activity wizard

NewW ARelrolc ActiVity:

Check that the package name is com.bignerdranch.android.geoquiz. This determines where
CheatActivity.kt will live on the filesystem. The defaults for the remaining fields are fine. Click the
Finish button to make the magic happen.
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Now it is time to make the UI look good. The screenshot at the beginning of the chapter shows you
what CheatActivity’s view should look like. Figure 7.5 shows the view definitions.

Figure 7.5 Diagram of layout for CheatActivity

Open res/layout/activity_cheat.xml and switch to the Code view.

Try creating the XML for the layout using Figure 7.5 as a guide. Replace the sample layout with a new
LinearLayout and so on down the tree. You can check your work against Listing 7.2.

Listing 7.2 Filling out the second activity’s layout
(res/layout/activity_cheat.xml)

<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"
xmlns:tools="http://schemas.android.com/tools"
android:layout_width="match_parent"
android:layout_height="match_parent"
android:gravity="center"
android:orientation="vertical"
tools:context="com.bignerdranch.android.geoquiz

<TextView

android:
android:

android

<TextView

android:
android:

android

layout_width="wrap_content"
layout_height="wrap_content"

:padding="24dp"
android:

text="@string/warning_text"/>

id="@+id/answer_text_view"
layout_width="wrap_content"

:layout_height="wrap_content"
android:

padding="24dp"

tools:text="Answer"/>

<Button

android:
android:
android:
android:

</LinearLayout>
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Switch to the Design tab of the editor tool window to preview the layout. If it looks like Figure 7.5, you
are ready to move on.

A new activity subclass

CheatActivity.kt may have opened automatically in the editor tool window. If it did not, open it from
the project tool window.

The CheatActivity class already includes a basic implementation of onCreate (Bundle?) that passes
the resource ID of the layout defined in activity_cheat.xml to setContentView(..). To match your
first activity, update your new activity to use View Binding. Since your layout for CheatActivity is
named activity_cheat.xml, View Binding will generate a class named ActivityCheatBinding.

Listing 7.3 Using View Binding in CheatActivity (CheatActivity.kt)

class CheatActivity : AppCompatActivity() {
private lateinit var binding: ActivityCheatBinding

override fun onCreate(savedInstanceState: Bundle?) {
super.onCreate(savedInstanceState)

setContentitewR—tayoutractivity—cheaty
binding = ActivityCheatBinding.inflate(layoutInflater)
setContentView(binding. root)

b

CheatActivity will eventually do more in its onCreate (Bundle?) function. For now, let’s take a
look at another thing the New Android Activity wizard did for you: declaring CheatActivity in the
application’s manifest.
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Declaring activities in the manifest

The manifest is an XML file containing metadata that describes your application to the Android OS.
The file is always named AndroidManifest.xml, and it lives in the app/manifests directory of your
project.

In the project tool window, find and open manifests/AndroidManifest.xml. You can also use
Android Studio’s Find File dialog by pressing Command-Shift-O (Ctrl-Shift-N) and starting to type the
filename. Once it has guessed the right file, press Return to open it.

Every activity in an application must be declared in the manifest so that the OS can access it.

When you used the New Project wizard to create MainActivity, the wizard declared the activity
for you. Likewise, the New Android Activity wizard declared CheatActivity by adding the XML
highlighted below:

<manifest xmlns:android="http://schemas.android.com/apk/res/android"
package="com.bignerdranch.android.geoquiz">

<application
android:allowBackup="true"
android:icon="@mipmap/ic_launcher"
android: label="@string/app_name"
android: roundIcon="@mipmap/ic_launcher_round"
android:supportsRtl="true"
android:theme="@style/Theme.GeoQuiz">
<activity
android:name=".CheatActivity"
android:exported="false" />
<activity
android:name=".MainActivity"
android:exported="true">
<intent-filter>
<action android:name="android.intent.action.MAIN" />

<category android:name="android.intent.category.LAUNCHER" />
</intent-filter>
</activity>
</application>

</manifest>

The android:name attribute is required, and the dot at the start of this attribute’s value tells the OS that
this activity’s class is in the package specified in the package attribute in the manifest element at the
top of the file.

You will sometimes see a fully qualified android:name attribute, like
android:name="com.bignerdranch.android.geoquiz.CheatActivity". The long-form notation is
identical to the version above.

There are many interesting things in the manifest, but for now, let’s stay focused on getting
CheatActivity up and running. You will learn about the different parts of the manifest as you work
through this book.
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Adding a cheat button to MainActivity

The plan is for the user to press a button in MainActivity to get an instance of CheatActivity
onscreen. So you need a new button in res/layout/activity_main.xml.

You can see in Figure 7.2 that the new CHEAT! button is positioned above the NEXT button. In the
layout, define the new button as a direct child of the root LinearLayout, right before the definition of
the NEXT button.

Listing 7.4 Adding a cheat button to the layout
(res/layout/activity_main.xml)

</LinearLayout>
<Button
android:id="@+id/cheat_button"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:layout_marginTop="24dp"
android:text="@string/cheat_button" />
<Button
android:id="@+id/next_button"
vee />

</LinearLayout>

Now, in MainActivity.kt, set a View.0OnClickListener stub for the CHEAT! button.
Listing 7.5 Wiring up the cheat button (MainActivity.kt)
class MainActivity : AppCompatActivity() {
private lateinit var binding: ActivityMainBinding
private val quizViewModel: QuizViewModel by viewModels()
override fun onCreate(savedInstanceState: Bundle?) {
Biading.nextButton.setOnClickListener {

quizViewModel.moveToNext ()
updateQuestion()

binding.cheatButton.setOnClickListener {
// Start CheatActivity
}

updateQuestion()

Now you can get to the business of starting CheatActivity.
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Starting an Activity

The simplest way one activity can start another is with the startActivity(Intent) function.

If you are coming from other programming languages and platforms, your first instinct might be to call
the constructor on the activity you want to start. Unfortunately, that will not work. Instead you have to
call startActivity(Intent), and the OS will manage creating your activity for you.

In particular, your call is sent to a part of the OS called the ActivityManager. The ActivityManager
then creates the Activity instance and calls its onCreate (Bundle?) function, as shown in Figure 7.6.

Figure 7.6 Starting an activity

How does the ActivityManager know which Activity to start? That information is in the Intent
parameter.

Communicating with intents

An intent is an object that a component can use to communicate with the OS. The only components
you have seen so far are activities, but there are also services, broadcast receivers, and content
providers.

Intents are multipurpose communication tools, and the Intent class provides different constructors
depending on what you are using the intent to do.

In this case, you are using an intent to tell the ActivityManager which activity to start, so you will use
a constructor that allows you to pass in a Context and a reference to the CheatActivity class.

Within cheatButton’s listener, create an Intent that includes the CheatActivity class. Then pass the
intent into startActivity(Intent).

Listing 7.6 Starting CheatActivity (MainActivity.kt)

binding.cheatButton.setOnClickListener {
// Start CheatActivity
val intent = Intent(this, CheatActivity::class.java)
startActivity(intent)

+

The Class argument you pass to the Intent constructor specifies the activity class that the
ActivityManager should start. The Context argument tells the ActivityManager which application
package the activity class can be found in.

122



Passing Data Between Activities

Before starting the activity, the ActivityManager checks the package’s manifest for a declaration with
the same name as the specified Class. If it finds a declaration, it starts the activity, and all is well. If

it does not, you get a nasty ActivityNotFoundException, which will crash your app. This is why all
your activities must be declared in the manifest.

Run GeoQuiz. Press the CHEAT! button, and an instance of your new activity will appear onscreen.
Now press the Back button. This will destroy the CheatActivity and return you to the MainActivity.

Explicit and implicit intents

When you create an Intent with a Context and a Class object, you are creating an explicit intent. You
use explicit intents to start specific activities, most often within your own application.

It may seem strange that two activities within your application must communicate via the
ActivityManager, which is outside your application. However, this pattern makes it easy for an
activity in one application to work with an activity in another application.

When an activity in your application wants to start an activity in another application, you create an
implicit intent. You will use implicit intents in Chapter 16.

Passing Data Between Activities

Now that you have a MainActivity and a CheatActivity, you can think about passing data between
them. Figure 7.7 shows what data you will pass between the two activities.

Figure 7.7 The conversation between MainActivity and CheatActivity

whether the answer is "True"

MainActivity CheatActivity |

whether the user cheated
The MainActivity will inform the CheatActivity of the answer to the current question when the
CheatActivity is started.

When the user presses the Back button to return to the MainActivity, the CheatActivity will be
destroyed. In its last gasp, it will send data to the MainActivity about whether the user cheated.

You will start with passing data from MainActivity to CheatActivity.
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Using intent extras

To inform the CheatActivity of the answer to the current question, you will pass it the value of:
quizViewModel.currentQuestionAnswer

You will send this value as an extra on the Intent that is passed into startActivity(Intent).

Extras are arbitrary data that the calling activity can include with an intent. You can think of them like
constructor arguments, even though you cannot use a custom constructor with an activity subclass.
(Android creates activity instances and is responsible for their lifecycle.) The OS forwards the intent to
the recipient activity, which can then access the extras and retrieve the data, as shown in Figure 7.8.

Figure 7.8 Intent extras: communicating with other activities

An extra is structured as a key-value pair, like the one you used to save out the value of currentIndex
in QuizViewModel.

To add an extra to an intent, you use Intent.putExtra(..). In particular, you will be calling
putExtra(name: String, value: Boolean).

Intent.putExtra(..) comes in many flavors, but it always has two arguments. The first argument is
always a String key, and the second argument is the value, whose type will vary. It returns the Intent
itself, so you can chain multiple calls if you need to.

In CheatActivity.kt, add a key for the extra. (We have broken the new line of code to fit on the
printed page. You can enter it on one line.)

Listing 7.7 Adding an extra constant (CheatActivity.kt)

private const val EXTRA_ANSWER_IS_TRUE =
"com.bignerdranch.android.geoquiz.answer_is_true"

class CheatActivity : AppCompatActivity() {

b

An activity may be started from several different places, so you should define keys for extras on the
activities that retrieve and use them. Using your package name as a qualifier for your extra, as shown in
Listing 7.7, prevents name collisions with extras from other apps.
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Now you could return to MainActivity and put the extra on the intent, but there is a better approach.
There is no reason for MainActivity, or any other code in your app, to know the implementation
details of what CheatActivity expects as extras on its Intent. Instead, you can encapsulate that work
into a newIntent(..) function.

Create this function in CheatActivity now. Place the function inside a companion object.

Listing 7.8 A newIntent(..) function for CheatActivity (CheatActivity.kt)
class CheatActivity : AppCompatActivity() {

private lateinit var binding: ActivityCheatBinding

override fun onCreate(savedInstanceState: Bundle?) {

¥

companion object {
fun newIntent(packageContext: Context, answerIsTrue: Boolean): Intent {
return Intent(packageContext, CheatActivity::class.java).apply {
putExtra(EXTRA_ANSWER_IS_TRUE, answerIsTrue)
}

b

This function allows you to create an Intent properly configured with the extras CheatActivity will
need. The answerIsTrue argument, a Boolean, is put into the intent with a private name using the
EXTRA_ANSWER_IS_TRUE constant. You will extract this value momentarily.

A companion object allows you to access functions without having an instance of a class, similar to
static functions in Java. Using a newIntent(..) function inside a companion object like this for your
activity subclasses will make it easy for other code to properly configure its launching intents.

Speaking of other code, use this new function in MainActivity’s cheat button listener now.

Listing 7.9 Launching CheatActivity with an extra (MainActivity.kt)

binding.cheatButton.setOnClickListener {
// Start CheatActivity

’ L) 0
val answerIsTrue = quizViewModel.currentQuestionAnswer
val intent = CheatActivity.newIntent(this@MainActivity, answerIsTrue)

startActivity(intent)
}

You only need one extra in this case, but you can put multiple extras on an Intent if you need to. If
you do, add more arguments to your newIntent(..) function to stay consistent with the pattern.

To retrieve the value from the extra, you will use Intent.getBooleanExtra(String, Boolean).

The first argument of getBooleanExtra(..) is the name of the extra. The second argument is a default
answer to use if the key is not found.
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In CheatActivity, retrieve the value from the extra in onCreate(Bundle?) and store it in a member
variable.
Listing 7.10 Using an extra (CheatActivity.kt)
class CheatActivity : AppCompatActivity() {
private lateinit var binding: ActivityCheatBinding
private var answerIsTrue = false
override fun onCreate(savedInstanceState: Bundle?) {
super.onCreate(savedInstanceState)
binding = ActivityCheatBinding.inflate(layoutInflater)

setContentView(binding. root)

answerIsTrue = intent.getBooleanExtra(EXTRA_ANSWER_IS_TRUE, false)

Note that Activity.getIntent() always returns the Intent that started the activity. This is what you
sent when calling startActivity(Intent).

Finally, wire up the answer TextView and the SHOW ANSWER button to use the retrieved value.

Listing 7.11 Enabling cheating (CheatActivity.kt)
class CheatActivity : AppCompatActivity() {
private lateinit var binding: ActivityCheatBinding
private var answerIsTrue = false

override fun onCreate(savedInstanceState: Bundle?) {

answerIsTrue = intent.getBooleanExtra(EXTRA_ANSWER_IS_TRUE, false)

binding.showAnswerButton.setOnClickListener {
val answerText = when {
answerIsTrue -> R.string.true_button
else —> R.string.false_button

}

binding.answerTextView.setText(answerText)

This code is pretty straightforward. You set the TextView’s text using TextView.setText(Int).
TextView.setText(..) has many variations, and here you use the one that accepts the resource ID of a
string resource.

Run GeoQuiz. Press CHEAT! to get to CheatActivity. Then press SHOW ANSWER to reveal the
answer to the current question.
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Getting a result back from a child activity

At this point, the user can cheat with impunity. Let’s fix that by having the CheatActivity tell the
MainActivity whether the user chose to view the answer.

When you want to hear back from the child activity, you register your MainActivity for an
ActivityResult using the Activity Results APIL.

The Activity Results API is different from other APIs you have interacted with so far within the
Activity class. Instead of overriding a lifecycle method, you will initialize a class property within
your MainActivity using the registerForActivityResult() function. That function takes in two
parameters: The first is a contract that defines the input and output of the Activity you are trying to
start. And the second is a lambda in which you parse the output that is returned.

In MainActivity, initialize a property named cheatLauncher using registerForActivityResult().

Listing 7.12 Creating cheatLauncher (MainActivity.kt)
class MainActivity : AppCompatActivity() {
private lateinit var binding: ActivityMainBinding
private val quizViewModel: QuizViewModel by viewModels()
private val cheatLauncher = registerForActivityResult(
ActivityResultContracts.StartActivityForResult()
) { result —>
// Handle the result
}
override fun onCreate(savedInstanceState: Bundle?) {

}
,

The contract you are using is ActivityResultContracts.StartActivityForResult. It is a basic
contract that takes in an Intent as input and provides an ActivityResult as output. There are
many other contracts you can use to accomplish other tasks (such as capturing video or requesting
permissions). You can even define your own custom contract. In Chapter 16, you will use a different
contract to allow the user to select a contact from their contacts list.

For now, you will do nothing with the result, but you will get back to this in a bit.
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To use your cheatLauncher, call the launch(Intent) function, which takes in the Intent you already
created.

Listing 7.13 Launching cheatLauncher (MainActivity.kt)
class MainActivity : AppCompatActivity() {
éQérride fun onCreate(savedInstanceState: Bundle?) {

binding.cheatButton.setOnClickListener {
// Start CheatActivity
val answerIsTrue = quizViewModel.currentQuestionAnswer
val intent = CheatActivity.newIntent(this@ainActivity, answerIsTrue)

cheatLauncher.launch(intent)

}

updateQuestion()

Setting a result

There are two functions you can call in the child activity to send data back to the parent:

setResult(resultCode: Int)
setResult(resultCode: Int, data: Intent)

Typically, the result code is one of two predefined constants: Activity.RESULT_OK or
Activity.RESULT_CANCELED. (You can use another constant, RESULT_FIRST_USER, as an offset when
defining your own result codes.)

Setting result codes is useful when the parent needs to take different action depending on how the child
activity finished.

For example, if a child activity had an OK button and a Cancel button, the child activity would set a
different result code depending on which button was pressed. Then the parent activity would take a
different action depending on the result code.

Calling setResult(..) is not required of the child activity. If you do not need to distinguish
between results or receive arbitrary data on an intent, then you can let the OS send a default

result code. A result code is always returned to the parent if the child activity was started with
startActivityForResult(..). If setResult(..) is not called, then when the user presses the Back
button, the parent will receive Activity.RESULT_CANCELED.
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Sending back an intent

In this implementation, you are interested in passing some specific data back to MainActivity. So you
are going to create an Intent, put an extra on it, and then call Activity.setResult(Int, Intent) to
get that data into MainActivity’s hands.

In CheatActivity, add a constant for the extra’s key and a private function that does this work. Then
call this function in the SHOW ANSWER button’s listener.

Listing 7.14 Setting a result (CheatActivity.kt)
const val EXTRA_ANSWER_SHOWN = "com.bignerdranch.android.geoquiz.answer_shown"
private const val EXTRA_ANSWER_IS_TRUE =
"com.bignerdranch.android.geoquiz.answer_is_true"
class CheatActivity : AppCompatActivity() {
override fun onCreate(savedInstanceState: Bundle?) {

binding.showAnswerButton.setOnClickListener {

binding.answerTextView.setText(answerText)
setAnswerShownResult (true)

}
private fun setAnswerShownResult(isAnswerShown: Boolean) {
val data = Intent().apply {
putExtra(EXTRA_ANSWER_SHOWN, isAnswerShown)

}
setResult (Activity.RESULT_OK, data)

b

When the user presses the SHOW ANSWER button, the CheatActivity packages up the result code
and the intent in the call to setResult(Int, Intent).

Then, when the user presses the Back button to return to the MainActivity, the ActivityManager
invokes the lambda defined within cheatLauncher on the parent activity. The parameters are the
original request code from MainActivity and the result code and intent passed into setResult(Int,
Intent).
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Figure 7.9 shows this sequence of interactions.

Figure 7.9 Sequence diagram for GeoQuiz
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The final step is to extract the data returned in the lambda of cheatLauncher in MainActivity.

Handling a result

In QuizViewModel. kt, add a new property to hold the value that CheatActivity is passing back.

The user’s cheat status is part of the Ul state. Stashing the value in QuizViewModel and using
SavedStateHandle means the value will persist across configuration changes and process death rather
than being destroyed with the activity, as discussed in Chapter 4.

Listing 7.15 Tracking cheating in QuizViewModel (QuizViewModel. kt)

é;ﬁst val IS_CHEATER_KEY = "IS_CHEATER_KEY"

class QuizViewModel(private val savedStateHandle: SavedStateHandle) : ViewModel() {
é}ivate val questionBank = 1istOf(
)
var isCheater: Boolean

get() = savedStateHandle.get(IS_CHEATER_KEY) ?: false
set(value) = savedStateHandle.set(IS_CHEATER_KEY, value)

Next, in MainActivity.kt, add the following lines in the lambda of cheatLauncher to pull the value
out of the result sent back from CheatActivity. You do not want to accidentally mark the user as a
cheater, so check whether the result code is Activity.RESULT_OK first.

Listing 7.16 Pulling out the data in cheatLauncher (MainActivity.kt)
class MainActivity : AppCompatActivity() {
private lateinit var binding: ActivityMainBinding
private val quizViewModel: QuizViewModel by viewModels()
private val cheatLauncher = registerForActivityResult(
ActivityResultContracts.StartActivityForResult()
) { result —>
// Handle the result
if (result.resultCode == Activity.RESULT_OK) {
quizViewModel.isCheater =
result.data?.getBooleanExtra(EXTRA_ANSWER_SHOWN, false) ?: false
}

override fun onCreate(savedInstanceState: Bundle?) {

}
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Finally, modify the checkAnswer (Boolean) function in MainActivity to check whether the user
cheated and respond appropriately.

Listing 7.17 Changing toast message based on value of isCheater
(MainActivity.kt)

class MainActivity : AppCompatActivity() {

private fun checkAnswer(userAnswer: Boolean) {
val correctAnswer: Boolean = quizViewModel.currentQuestionAnswer

val messageResId = when {
quizViewModel.isCheater -> R.string.judgment_toast
userAnswer == correctAnswer -> R.string.correct_toast
else -> R.string.incorrect_toast

}
Toast.makeText(this, messageResId, Toast.LENGTH_SHORT)
.show()

Run GeoQuiz. Press CHEAT!, then press SHOW ANSWER on the cheat screen. Once you cheat, press
the Back button. Try answering the current question. You should see the judgment toast appear.

What happens if you go to the next question? Still a cheater. If you wish to relax your rules around
cheating, try your hand at the challenge outlined in the section called Challenge: Tracking Cheat Status
by Question.

At this point, GeoQuiz is feature complete. In the next chapter, you will learn how to include the
newest Android features available while still supporting older versions of Android in the same
application.

How Android Sees Your Activities

Let’s look at what is going on OS-wise as you move between activities. First, when you click

the GeoQuiz app in the launcher, the OS does not start the application; it starts an activity in the
application. More specifically, it starts the application’s launcher activity. For GeoQuiz, MainActivity
is the launcher activity.

When the New Project wizard created the GeoQuiz application and MainActivity, it made
MainActivity the launcher activity by default. Launcher activity status is specified in the manifest by
the intent-filter element in MainActivity’s declaration:
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<manifest xmlns:android="http://schemas.android.com/apk/res/android"
. >

<application
ee >
<activity
android:name=".CheatActivity"
android:exported="true" />
<activity
android:name=".MainActivity"
android:exported="true">
<intent-filter>
<action android:name="android.intent.action.MAIN"/>

<category android:name="android.intent.category.LAUNCHER" />
</intent-filter>
</activity>
</application>

</manifest>

After the instance of MainActivity is onscreen, the user can press the CHEAT! button. When this
happens, an instance of CheatActivity is started — on top of the MainActivity. These activities exist
in a stack (Figure 7.10).

Pressing the Back button in CheatActivity pops this instance off the stack, and the MainActivity
resumes its position at the top, as shown in Figure 7.10.

Figure 7.10 GeoQuiz's back stack

A call to Activity.finish() in CheatActivity would also pop the CheatActivity off the stack.

133



Chapter 7 Your Second Activity

If you run GeoQuiz and press the Back button from the MainActivity, the MainActivity will be
moved to the background in its created state and you will return to the last screen you were viewing
before running GeoQuiz (Figure 7.11). For a little more detail on the difference in behavior when
navigating Back from MainActivity versus what happens in CheatActivity, check out the section
called For the More Curious: The Back Button and the Activity Lifecycle near the end of this chapter.

Figure 7.11 Looking at the Home screen

—
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If you start GeoQuiz from the launcher application, pressing the Back button from MainActivity will
return you to the launcher (Figure 7.12).

Figure 7.12 Running GeoQuiz from the launcher

Pressing the Back button from the launcher will return you to the screen you were looking at before
you opened the launcher.

What you are seeing here is that the ActivityManager maintains a back stack and that this back stack
is not just for your application’s activities. Activities for all applications share the back stack, which is
one reason the ActivityManager is involved in starting your activities and lives with the OS and not
your application. The stack represents the use of the OS and device as a whole rather than the use of a
single application.
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For the More Curious: startActivityForResult

This chapter uses the Activity Result APIs to start and pass information back from CheatActivity.
These APIs are a relatively recent addition to Android. They were actually built on top of existing
APIs: the startActivityForResult() function and onActivityResult() callback. We recommend
using the Activity Result APIs, as they enable you to consume type-safe results and they encourage
developers to write more modular code — but you might see applications that call the older, lower-level
APIs directly.

There are many parallels between these two approaches.

The startActivityForResult() function is analogous to the launch(Intent) function you used
on cheatLauncher. The one additional parameter necessary for startActivityForResult() is a
requestCode that uniquely identifies your request for a result.

On the result side, the onActivityResult () callback maps closely to the lambda invoked on
cheatLauncher. You have access to the data and the result code and also the requestCode you passed
into startActivityForResult(). Since you can start many different activities for results, using the
legacy APIs means many requests could invoke the onActivityResult() callback. This is where your
requestCode comes in handy, as you can choose to perform certain actions only for certain requests.

If you see an application using the legacy startActivityForResult() and onActivityResult()
methods, consider migrating to the Activity Result APIs. These new APIs are easier to use and make it
easier to see how data is moving between activities in your application.
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For the More Curious: The Back Button and the
Activity Lifecycle

In this chapter, you added CheatActivity and learned how the Android OS manages your activities
through ActivityManager. You also saw what happens to each of your activities when you press the
Back button while they are in the foreground: When you press Back from CheatActivity, it is popped
off the back stack and removed from system memory. But when you press Back from MainActivity,
it is only moved to the background — it still exists in memory, though it is not visible in its created
state. The same happens with MainActivity when you press the Home button to temporarily leave the
activity, as you did in the section called Temporarily leaving an activity in Chapter 3.

You may be wondering why Android treats your two activities differently with the same interaction.
The answer is because MainActivity is declared as the launcher activity in AndroidManifest.xml.
This declaration not only lets Android know this is the activity to start when users first launch the
app but also tells it to treat this entry point specially when popping it off the back stack. Keeping the
launcher activity in memory allows users to quickly resume using the app in a “warm state” after
navigating back instead of having to completely restart the application.

This is a fairly new behavior on Android, introduced with Android 12 (API 31). In previous Android
versions, your launcher activity would mirror the behavior of CheatActivity and be popped off

the back stack and removed from memory when the user navigated back. You will learn more about
Android versions and how they introduce new behaviors for the system and applications in Chapter 8.
For now, be aware that users will see subtly different behaviors when they press the Back button on
your launcher activity depending on which version of Android they are using.

If you would like to see this difference in action, we encourage you play around with different versions
of Android (either on an emulator or your physical device) and observe the Logcat statements you
added in MainActivity. Pay attention to when onDestroy() is called and when it is not.
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Challenge: Closing Loopholes for Cheaters

Cheaters never win. Unless, of course, they persistently circumvent your anticheating measures. Which
they probably will. Because they are cheaters.

GeoQuiz has a major loophole: Users can rotate CheatActivity after they cheat to clear out the
cheating result. When they go back to MainActivity, it is as if they never cheated at all.

Fix this bug by persisting CheatActivity’s Ul state across rotation and process death using the
techniques you learned in Chapter 4.

Challenge: Tracking Cheat Status by Question

Currently, when the user cheats on a single question, they are considered a cheater on all the questions.
Update GeoQuiz to track whether the user cheated on a question-by-question basis. When the user
cheats on a given question, present them with the judgment toast any time they attempt to answer that
question. When a user answers a question they have not cheated on yet, show the correct or incorrect
toast accordingly.
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Now that you have gotten your feet wet with GeoQuiz, let’s review some background information
about the different versions of Android. The information in this chapter is important to have under your
belt as you continue with the book and develop more complex and realistic apps.

Android SDK Versions

The Android operating system has been around for many years, starting with its first public release in
fall 2008. From a developer’s perspective, there have been 32 releases of Android — and counting.

Each update is referred to by a variety of names. The most familiar to users is the marketing name.
For years, Google named all releases for tasty treats (such as Donut, Jelly Bean, and Pie — the last
one to get that kind of name) in alphabetical order. Beginning with Android 10, released in 2019, the
marketing names for major releases use an incrementing number.

For each release, there are often additional names, such as a version number or a version code — but the
“name” most useful to developers is the API level. The first update was API level 1, and that number
has incremented by 1 for each subsequent update. The 32nd and latest release has the marketing name
Android 12L, version number 12, version code Sv2, and API level 32. Table 8.1 shows the information
for several recent releases.

Table 8.1 Recent Android versions

Marketing name Version number Version code API level
Android Nougat 7.0 N 24
Android Nougat 7.1-7.12 N_MRI1 25

Android Oreo 8.0 (0] 26
Android Oreo 8.1.0 O_MRI1 27
Android Pie 9 P 28
Android 10 10 Q 29
Android 11 11 R 30
Android 12 12 S 31
Android 12L 12 Sv2 32
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Because there have been so many updates to Android over the years, it is very common for a device
to be running an older version of Android. The percentage of devices using each version changes
continuously, but one constant is that only around 5% of users adopt the newest version of Android
right away. Google has worked hard to improve the adoption rates (through efforts like Project
Mainline and Project Treble), but there are still many devices on older versions.

Why do so many devices still run older versions of Android? This is mostly due to heavy competition
among Android device manufacturers and US carriers. Carriers want features and phones that no other
network has. Device manufacturers feel this pressure, too — all their phones are based on the same OS,
but they want to stand out from the competition. The combination of pressures from the market and the
carriers means that there is a bewildering array of devices with proprietary, one-off modifications of
Android.

A device with a proprietary version of Android is not able to run a new version of Android released
by Google. Instead, it must wait for a compatible proprietary upgrade. That upgrade might not be
available until months after Google releases its version, if it is ever available. Manufacturers often
choose to spend resources on newer devices rather than keeping older ones up to date.

A sane minimum

The oldest version of Android that the exercises in this book support is API level 24. There are
references to legacy versions of Android, but the focus is on what we consider to be modern versions
(API level 24 and up). With the distribution of older releases dropping month by month, the amount of
work required to support those older versions eclipses the value supporting them can provide.

When you created the GeoQuiz project, you set a minimum SDK version within the New
Project wizard (Figure 8.1). (Note that Android uses the terms “SDK version” and “API level”
interchangeably.)
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Figure 8.1 Remember me?

New Project

In addition to the minimum supported version, you can also set the target version and the compile
version. Let’s take a look at the default choices and how to change them.

All these values are set in your build environment, so open the build.gradle file labeled Module
(GeoQuiz.app). Notice the values for compileSdk, minSdk, and targetSdk:

compileSdk 32

defaultConfig {
applicationId "com.bignerdranch.android.geoquiz"
minSdk 24
targetSdk 32

Minimum SDK version
The minSdk value is a hard floor below which the OS should refuse to install the app.

By setting this version to API level 24, you give Android permission to install GeoQuiz on devices
running API level 24 or higher. Android will refuse to install GeoQuiz on a device running anything
lower than API level 24.
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Target SDK version

The targetSdk value tells Android which API level your app is designed to run on. Most often this
will be the latest Android release.

When would you lower the target SDK? New SDK releases can change how your app appears

on a device or even how the OS behaves behind the scenes. If you have already developed

an app, you should confirm that it works and looks as expected on new releases. Check the
documentation at developer.android.com/reference/android/os/Build.VERSION_CODES.html and
developer.android.com/about/versions to see where problems might arise.

If your app will have issues with a new release of Android, you can modify your app to work with
the new behavior and update the target SDK — or you can leave the codebase and target SDK as they
were. Not increasing the target SDK means that your app will continue running with the appearance
and behavior of the targeted version on which it worked well. This provides compatibility with newer
versions of Android, as changes in subsequent releases are ignored until the targetSdk is increased.

However, you cannot ignore new Android releases forever by keeping your target SDK low. Google
has restrictions on how low an app’s target SDK can be and still ship on the Google Play Store. As of
this writing, any new apps or app updates must have a target SDK of at least API level 30 — or they will
be rejected by the Play Store. This ensures that users can benefit from the performance and security
improvements in recent versions of Android. These version requirements will increase over time, as
new versions of Android are released, so make sure you keep an eye on the documentation to know
when you need to update your target version.

Compile SDK version

The last SDK setting is the compileSdk. While the minimum and target SDK versions are placed in the
AndroidManifest.xml when you build your app, to advertise those values to the OS, the compile SDK
version is private information between you and the compiler.

Android’s features are exposed through the classes and functions in the SDK. The compile SDK
version specifies which version to use when building your code. When Android Studio is looking to
find the classes and functions you refer to in your imports, the compile SDK version determines which
SDK version it checks against.

The best choice for a compile SDK version is the latest API level available. Later versions of the
compile SDK provide bug fixes, more compilation checks, and new APIs that you can use. There are
instances where incrementing the compile SDK version will cause build issues, but they are extremely
rare and can often be worked around. Unlike your target SDK version, changing your compile SDK
version will not change any runtime behavior of your app.

You can modify the minimum SDK version, target SDK version, and compile SDK version in your
app/build.gradle file. Remember that you must sync your project with the Gradle changes before
they will be reflected.

Compatibility and Android Programming

The delay in upgrades combined with regular new releases makes compatibility an important issue in
Android programming. To reach a broad market, Android developers must create apps that perform
well on devices running the most current version of Android plus previous versions — as well as on
different device form factors.
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Jetpack libraries

In Chapter 4, you learned about the Jetpack libraries and AndroidX. In addition to offering new
features (like ViewModel), the Jetpack libraries offer backward compatibility for new features on

older devices and provide (or attempt to provide) consistent behavior across Android versions. Some
libraries, such as AppCompat (which you will learn about in Chapter 11), ensure that your app has a
consistent look and feel across all modern versions of Android. Other libraries, such as WorkManager
(which you will use in Chapter 22), provide a consistent environment to perform essential tasks within

your app.

Many of the AndroidX libraries in Jetpack are modifications of previous support libraries. You should
strive to use these libraries any time you can. This makes your life as a developer easier, because you
no longer have to worry about different results on different API versions. Your users also benefit,
because they will have the same experience no matter what version their device is running.

Unfortunately, the Jetpack libraries are not a compatibility cure-all, because not all the features you
will want to use are available in them. The Android team does a good job of adding new APIs to the
Jetpack libraries as time goes on, but you will still find cases where a certain API is unavailable. In this
case, you will need to use explicit version checks until a Jetpack version of the feature is added.

Safely adding code from later APIs

The difference between GeoQuiz’s minimum SDK version and compile SDK version leaves you with
a compatibility gap to manage. For example, what happens if you call code from an API later than the
minimum of API level 24?7 When your app is installed and run on a device running API level 24, it will
crash.

This used to be a testing nightmare. However, thanks to improvements in Android Lint, potential
problems caused by calling newer code on older devices can be caught at compile time. If you use code
from a higher version than your minimum SDK, Android Lint will report build errors.

Right now, all of GeoQuiz’s simple code was introduced in API level 24 or earlier. Let’s add some code
from after API level 24 and see what happens.

Open MainActivity.kt. At the bottom of the class, add a function that will blur the cheat button when
called.

Listing 8.1 Blurring the cheat button (MainActivity.kt)
class MainActivity : AppCompatActivity() {
private fun checkAnswer(userAnswer: Boolean) {

}

private fun blurCheatButton() {
val effect = RenderEffect.createBlurEffect(
10.0f,
10.0f,
Shader.TileMode.CLAMP
)
binding.cheatButton.setRenderEffect(effect)
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Notice that a Lint error appears on the lines where you call RenderEffect.createBlurEffect(..) and
View.setRenderEffect(..), in the form of a red squiggly under the function name and, when you click
on the function, a red light bulb icon. These functions were added to the Android SDK in API level 31,
so this code would crash on a device running API level 30 or lower.

Because your compile SDK version is API level 32, the compiler has no problem with this code.
Android Lint, on the other hand, knows about your minimum SDK version, so it complains.

The error message reads something like Call requires API level 31 (Current min is 24). You can still run
the code with this warning (try it and see), but Lint knows it is not safe.

How do you get rid of this error? One option is to raise the minimum SDK version to 31. However, that
means your app can only be run on a select few devices. Plus, raising the minimum SDK version is not
really dealing with this compatibility problem as much as ducking it.

The way to appease Android Lint is to add an annotation declaring that the code you just wrote can
only run on devices running API level 31.

Listing 8.2 Making Android Lint happy (MainActivity.kt)
class MainActivity : AppCompatActivity() {
private fun checkAnswer(userAnswer: Boolean) {
}
@RequiresApi(Build.VERSION_CODES.S)
private fun blurCheatButton() {
val effect = RenderEffect.createBlurEffect(
10.0f,
10.0f,
Shader.TileMode.CLAMP
)
binding.cheatButton.setRenderEffect(effect)

}

Now, invoke blurCheatButton() in onCreate(Bundle?):

Listing 8.3 Blurring the cheat button (MainActivity.kt)

class MainActivity : AppCompatActivity() {

éQérride fun onCreate(savedInstanceState: Bundle?) {

Biading.cheatButton.setOnClickListener {
, -
updateQuestion()

blurCheatButton()

I

The same Android Lint error appears (Figure 8.2). (If you do not see it right away, try rebuilding your
project with Build = Rebuild Project.)
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Figure 8.2 Android Lint suggestions
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The @RequiresApi annotation by itself does not resolve the compatibility issue — it makes callers
responsible for ensuring compatibility. To safely call your new function, you need to wrap the higher
API code in a conditional statement that checks the device’s version of Android.

Listing 8.4 Checking the device’s Android version first (MainActivity.kt)
class MainActivity : AppCompatActivity() {
éQérride fun onCreate(savedInstanceState: Bundle?) {
Biading.cheatButton.setOnClickListener {
, .

updateQuestion()

if (Build.VERSION.SDK_INT >= Build.VERSION_CODES.S) {
blurCheatButton()
}

I

The Build.VERSION.SDK_INT constant contains the API level for the version of Android used
by the device. You compare that version with the constant that stands for the S (API level

31) release. (Version codes are listed at developer.android.com/reference/android/os/
Build.VERSION_CODES.html.)

Now, your blurring code will only be called when the app is running on a device with API level 31 or
higher. You have made your code safe for API level 24, and Android Lint should now be content.

Run GeoQuiz on a device running API level 31 and check out your new blurred cheat button, then run
it on a device running a lower API level to ensure that it works as before.
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Using the Android Developer Documentation

Android Lint errors will tell you what API level your incompatible code is from. But you can also find
out which API level particular classes and functions belong to in Android’s developer documentation.

It is a good idea to get comfortable using the developer documentation right away. There is far too
much in the Android SDKs to keep in your head. And with new versions appearing regularly, you will
often need to find out what is new and how to use it.

The main page of the documentation is developer.android. com. It is split into seven parts: Platform,
Android Studio, Google Play, Jetpack, Kotlin, Docs, and Games. It is all worth perusing when you get
a chance. Each section outlines a different aspect of Android development, from just getting started to
deploying your app to the Play Store.

Platform Information on the basic platform, focusing on the supported form factors
and the different Android versions.

Android Studio Articles on the IDE to help you learn tools and workflows to make your life
as a developer easier.

Google Play Tips and tricks for deploying your apps as well as making your apps more
successful with users.

Jetpack Information about the Jetpack libraries and how the Android team is striving
to improve the app development experience. Some of the Jetpack libraries are
used in this book, but you should explore this section for the full list.

Kotlin Documentation on how to develop Android apps with Kotlin.
Docs The main page for the developer documentation. Here you will find
information on individual classes as well as a trove of tutorials and codelabs

that you can work through to improve your skills.

Games Documentation for making games that run on Android.

Open the developer documentation website and click the Docs tab. In the search bar at the top right,
enter RenderEffect.createBlurEffect to determine what API level the function belongs to. Select the
RenderEffect result (which is likely the first search result), and you will be taken to the class reference
page (Figure 8.3). On the right side of this page are links to its different sections.
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Figure 8.3 RenderEffect reference page
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Find the createBlurEffect(..) function in the list on the right and click the function name to see
a description. To the right of the function signature, you can see that createBlurEffect(..) was
introduced in API level 31.

Figure 8.4 createBlurEffect(..) documentation

As you continue through this book, visit the developer documentation often. You will certainly need
the documentation to tackle the challenge exercises, but you should also explore it whenever you
get curious about particular classes, functions, or other topics. Android is constantly updating and
improving the documentation, so there is always something new to learn.
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Challenge: Reporting the Device’s Android Version

Add a TextView to the GeoQuiz layout that reports to the user what API level the device is running.
Figure 8.5 shows what the final result should look like.

Figure 8.5 Finished challenge

You cannot set this TextView’s text in the layout, because you will not know the device’s Android
version until runtime. Find the TextView function for setting text in the TextView reference page in
Android’s documentation. You are looking for a function that accepts a single argument — a string (or a
CharSequence).

Use other XML attributes listed in the TextView reference to adjust the size or typeface of the text.

Challenge: Limited Cheats

Allow the user to cheat a maximum of three times. Keep track of the user’s cheat occurrences and
display the number of remaining cheat tokens below the cheat button. If no tokens remain, disable the
cheat button.
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Fragments

In this chapter, you will start building an application named Criminallntent. Criminallntent records
the details of “office crimes” — things like leaving dirty dishes in the break room sink or walking away
from an empty shared printer after documents have printed.

With Criminallntent, you can make a record of a crime including a title, a date, and a photo. You
can also identify a suspect from your contacts and lodge a complaint via email, Twitter, Facebook,
or another app. After documenting and reporting a crime, you can proceed with your work free of
resentment and ready to focus on the business at hand.

Criminallntent is a complex app that will take 11 chapters to complete. It will have a list-detail
interface: The main screen will display a list of recorded crimes, and users will be able to add new
crimes or select an existing crime to view and edit its details (Figure 9.1).

Figure 9.1 Criminallntent, a list-detail app

151



Chapter 9 Fragments

The Need for Ul Flexibility

You might imagine that a list-detail application consists of two activities: one managing the list and the
other managing the detail view. Pressing a crime in the list would start an instance of the detail activity.
Pressing the Back button would destroy the detail activity and return you to the list, where you could
select another crime.

That would work, but what if you wanted more sophisticated presentation and navigation between
screens?

Consider the possibility of Criminallntent running on a large device. Some devices have screens large
enough to show the list and detail at the same time — at least in landscape orientation (Figure 9.2).

Figure 9.2 Ideal list-detail interface for varying screen widths
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Or imagine a user is viewing a crime and wants to see the next crime in the list. It would be better if
they could select a different crime from the list without navigating back to the previous screen first.
Going beyond the Criminallntent app, common Ul elements such as navigation drawers and bottom tab
bars keep users on one “screen” while child views are swapped in and out.

What these scenarios have in common is UI flexibility: the ability to compose and recompose an
activity’s view at runtime depending on what the user or the device requires.

Activities were not designed with this level of flexibility in mind. Activities control an entire window
of your application, so one activity should be able to render everything your app needs to show
onscreen at a time. As a result, activities are tightly coupled to the particular screen being used. So you
could continue to keep all your Ul code within activities, but as your apps and the screens within them
become more complicated, this approach will become more confusing and less maintainable.
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Introducing Fragments

You can make your app’s Ul more flexible by moving UI management from the activity to one or more
fragments.

Similar to how you have used your activities so far, a Fragment has a view of its own, often defined in
a separate layout file. The fragment’s view contains the interesting UI elements that the user wants to
see and interact with.

Instead of containing the U, the activity acts as a container for the fragment. The fragment’s view is
inserted into the container once it is initialized. In this chapter, the activity will host a single fragment,
but an activity can have multiple containers in its view for different fragments.

Fragments are designed to hold reusable chunks of the Ul You can use the fragment (or fragments)
associated with the activity to compose and recompose the screen as your app and users require. There
is only one Activity class responsible for displaying your app’s content, but it hands control over parts
of the screen to its Fragments. Because of this, your activity will be much simpler and will not violate
any Android laws.

Let’s see how this would work in a list-detail application to display the list and detail together. You
would compose the activity’s view from a list fragment and a detail fragment. The detail view would
show the details of the selected list item.

Selecting another item should display a new detail view. This is easy with fragments: Your app would
replace the detail fragment with another detail fragment (Figure 9.3). No activities need to die for this
major view change to happen.

Figure 9.3 Swapping out a detail fragment

Using fragments separates the Ul of your app into building blocks, which is useful for more than
just list-detail applications. Working with individual blocks, it is easy to build tab interfaces, tack
on animated sidebars, and more. Additionally, some of the new Android Jetpack APIs, such as the
navigation controller, work best with fragments. So using fragments sets you up to integrate nicely
with Jetpack APIs.
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Starting Criminalintent

In this chapter, you are going to start on the detail part of Criminallntent. Figure 9.4 shows you what
Criminallntent will look like at the end of this chapter.

Figure 9.4 Criminallntent at the end of this chapter

Enter a title for the crime.

The screen shown in Figure 9.4 will be managed by a fragment named CrimeDetailFragment. An
instance of CrimeDetailFragment will be hosted by an activity named MainActivity.
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For now, think of hosting as the activity providing a spot in its view hierarchy to contain the fragment
and its view (Figure 9.5). A fragment is incapable of getting a view onscreen itself. Only when it is
inserted in an activity’s hierarchy will its view appear.

Figure 9.5 MainActivity hosting a CrimeDetailFragment

By the end of the project, Criminallntent will be a large codebase, but you will begin much

like the way you built GeoQuiz. After some build setup, you will define the Crime class, which

will model the data you are displaying. Next, you will create the UI in an XML layout in
fragment_crime_detail.xml. Once that is complete, you will create a CrimeDetailFragment to hook
up the data to the view.

Those steps will feel familiar to the work you did back in GeoQuiz, even if the names are different this
time. Since you are now working with fragments, you will also have to take care of one other step: You
will add the CrimeDetailFragment to a container within MainActivity.

Let’s get started.
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Creating a new project

Create a new Android application (File = New — New Project...). Select the Empty Activity template
(Figure 9.6). Click Next.

Figure 9.6 Creating the Criminallntent application
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Figure 9.7 Configuring the Criminallntent project
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Configure your project as shown in Figure 9.7: Name the application Criminallntent. Make sure the
Package name is com.bignerdranch.android.criminalintent and the Language is Kotlin. Select API 24:
Android 7.0 (Nougat) from the Minimum SDK dropdown.

Calicel
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Before writing code, you need to make two changes to your Gradle build files. Open the build.gradle
file labeled (Module: Criminallntent.app). Like the ViewModel library you used in GeoQuiz, the
Fragment library must be added as a dependency on your project. Also, enable View Binding, as you
did for GeoQuiz. View Binding integrates seamlessly with fragments, and you will be using it in this
project as well.

Listing 9.1 Setting up your project’s build (app/build.gradle)
éaaroid {
ké%linOptions {
jvmTarget = '1.8"'

buildFeatures {
viewBinding true
}

¥

dependencies {
implementation 'androidx.constraintlayout:constraintlayout:2.1.3"'
implementation 'androidx.fragment:fragment-ktx:1.4.1'
testImplementation 'junit:junit:4.13.2'

¥

Do not forget to click the E8 Sync Project with Gradle Files button or the Sync Now button after you
have made these changes. Now, on to the code.
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Creating a Data Class

In the project tool window, right-click the com.bignerdranch.android.criminalintent package and
select New — Kotlin Class/File. Name the file Crime and, since this class will be used to store data,
make it a Data Class.

For this project, an instance of Crime will represent a single office crime. To begin with, a Crime will
have four properties:

* an ID to uniquely identify the instance
 adescriptive title, like “Toxic sink dump” or “Someone stole my yogurt!”
e adate
* a Boolean indication of whether the crime has been solved
In Crime.kt, add these four properties to Crime’s constructor.

Listing 9.2 Adding the Crime data class (Crime. kt)

data class Crime(
val id: UUID,
val title: String,
val date: Date,
val isSolved: Boolean
)

When importing Date, you will be presented with multiple options. Make sure to import
java.util.Date.

That is all you need for the Crime class for this chapter. Now that the data is set up, let’s move on to the
CrimeDetailFragment.
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Creating a Fragment

The steps to create a fragment are the same as those you followed to create an activity:
* compose a Ul by defining views in a layout file
« create the class and set its view to be the layout that you defined

» wire up the views inflated from the layout in code

Defining CrimeDetailFragment’s layout
CrimeDetailFragment’s view will display the information contained in an instance of Crime.

First, define the strings that the user will see in res/values/strings.xml.

Listing 9.3 Adding strings (res/values/strings.xml)

<resources>
<string name="app_name">CriminalIntent</string>
<string name="crime_title_hint">Enter a title for the crime.</string>
<string name="crime_title_label">Title</string>
<string name="crime_details_label">Details</string>
<string name="crime_solved_label">Solved</string>
</resources>

Next, you will define the Ul The layout for CrimeDetailFragment will consist of a vertical
LinearLayout that contains two TextViews, an EditText, a Button, and a CheckBox.

To create a layout file, right-click the res/layout folder in the project tool window and select New
— Layout resource file. Name this file fragment_crime_detail.xml and enter LinearLayout as the root
element.
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Defining CrimeDetailFragment’s layout

Android Studio creates the file and adds the LinearLayout for you. Add the views that make up the
fragment’s layout to res/layout/fragment_crime_detail.xml.

Listing 9.4 Layout file for fragment’s view (res/layout/
fragment_crime_detail.xml)

<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"
xmlns:tools="http://schemas.android.com/tools"
android:orientation="vertical"
android: layout_width="match_parent"
android: layout_height="match_parent"
android:layout_margin="16dp">

<TextView

android:
android:
android:
android:

<EditText

android:
android:
android:
android:
android:

android

<TextView

android:
android:
android:

android

<Button

android:
android:
android:

layout_width="match_parent"
layout_height="wrap_content"
textAppearance="?attr/textAppearanceHeadline5"
text="@string/crime_title_label" />

id="@+id/crime_title"
layout_width="match_parent"
layout_height="wrap_content"
hint="@string/crime_title_hint"
importantForAutofill="no"

:inputType="text" />

layout_width="match_parent"
layout_height="wrap_content"
textAppearance="?attr/textAppearanceHeadline5"

:text="@string/crime_details_label" />

id="@+id/crime_date"
layout_width="match_parent"
layout_height="wrap_content"

tools:text="Wed May 11 11:56 EST 2022" />

<CheckBox

android:
android:
android:
android:

</LinearLayout>

id="@+id/crime_solved"
layout_width="match_parent"
layout_height="wrap_content"
text="@string/crime_solved_label" />

(The TextViews’ definitions include some new syntax related to view style: textAppearance="?attr/
textAppearanceHeadline5". This theme attribute applies the Headline 5 typography settings to the
text as specified by Google’s Material Design library. [It can also be customized in your application
theme, if you want.] You will learn more about this syntax in the section called Styles, Themes, and
Theme Attributes in Chapter 11.)
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Recall that the tools namespace allows you to provide information that the preview is able to display.
In this case, you are adding text to the date button so that it will not be empty in the preview. Check the
Design tab to see a preview of your fragment’s view (Figure 9.8).

Figure 9.8 Previewing updated crime fragment layout
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Creating the CrimeDetailFragment class

Create a Kotlin file for the CrimeDetailFragment class. This time, select Class for the file type, and
Android Studio will stub out the class definition for you. Turn the class into a fragment by subclassing
the Fragment class.

Listing 9.5 Subclassing Fragment (CrimeDetailFragment.kt)

class CrimeDetailFragment : Fragment() {

b
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Creating the CrimeDetailFragment class

As you subclass the Fragment class, you will notice that Android Studio finds two classes with the
Fragment name. You will see android.app.Fragment and androidx.fragment.app.Fragment. The
android.app.Fragment is the version of fragments built into the Android OS. You will use the Jetpack
version, so be sure to select androidx. fragment.app.Fragment, as shown in Figure 9.9. (Recall that
the Jetpack libraries are in packages that begin with androidx.)

Figure 9.9 Choosing the Jetpack Fragment class

If you do not see this dialog, try clicking the Fragment class name. If the dialog still does not appear,
you can manually import the correct class: Add the line import androidx.fragment.app.Fragment at
the top of the file.

If, on the other hand, you have an import for android.app.Fragment, remove that line of code. Then
import the correct Fragment class with Option-Return (Alt-Enter).

Different types of fragments

New Android apps should always be built using the Jetpack (androidx) version of fragments. If you
maintain older apps, you may see two other versions of fragments being used: the framework version
and the v4 support library version. These are legacy versions of the Fragment class, and you should
migrate apps that use them to the current Jetpack version.

Fragments were introduced in API level 11, when the first Android tablets created the need for Ul
flexibility. The framework implementation of fragments was built into devices running API level 11

or higher. Shortly afterward, a Fragment implementation was added to the v4 support library to enable
fragment support on older devices. With each new version of Android, both of these fragment versions
were updated with new features and security patches.

But as of Android 9.0 (API 28), the framework version of fragments is deprecated and the earlier
support library fragments have been moved to the Jetpack libraries. No further updates will be made
to either of those versions, so you should not use them for new projects. All future updates will apply
only to the Jetpack version.

Bottom line: Always use the Jetpack fragments in your new projects, and migrate existing projects to
ensure they stay current with new features and bug fixes.
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Implementing fragment lifecycle functions

CrimeDetailFragment is the class that interacts with model and view objects. Its job is to present the
details of a specific crime and update those details as the user changes them.

In GeoQuiz, your activities did most of that work in activity lifecycle functions. In Criminallntent, this
work will be done by fragments in fragment lifecycle functions. Many of these functions correspond to
the Activity functions you already know, such as onCreate(Bundle?). (You will learn more about the
fragment lifecycle in the section called The fragment lifecycle later in this chapter.)

In CrimeDetailFragment.kt, add a property for the Crime instance and an implementation of
Fragment.onCreate(Bundle?).

Android Studio can provide some assistance when overriding functions. Begin typing
onCreate(Bundle?); Android Studio will provide a list of suggestions, as shown in Figure 9.10.

Figure 9.10 Overriding the onCreate(Bundle?) function
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Press Return to select the option to override the onCreate(Bundle?) function, and Android Studio will
create the declaration for you, including the call to the superclass implementation. Update your code to
create a new Crime, matching Listing 9.6.

Listing 9.6 Overriding Fragment.onCreate(Bundle?)
(CrimeDetailFragment.kt)

class CrimeDetailFragment : Fragment() {
private lateinit var crime: Crime

override fun onCreate(savedInstanceState: Bundle?) {
super.onCreate(savedInstanceState)

crime = Crime(
id = UUID.randomUUID(),
title = "",
date = Date(),
isSolved = false

b

Much like activities, fragments are re-created on configuration changes by default, so they are not good
places to hold state. In Chapter 13, you will use a ViewModel to hold this state, but this will work for
now.

Kotlin functions default to public when no visibility modifier is included in the definition. So
Fragment.onCreate (Bundle?), which has no visibility modifier, is public. This differs from the
Activity.onCreate(Bundle?) function, which is protected. Fragment.onCreate(Bundle?) and other
Fragment lifecycle functions must be public, because they will be called by whichever activity is
hosting the fragment.

Also, note what does not happen in Fragment.onCreate(Bundle?): You do not inflate the fragment’s
view. You configure the fragment instance in Fragment.onCreate(Bundle?), but you create and
configure the fragment’s view in another fragment lifecycle function: onCreateView(LayoutInflater,
ViewGroup?, Bundle?).

This function is where you inflate and bind the layout for the fragment’s view and return the inflated
View to the hosting activity. The LayoutInflater and ViewGroup parameters are necessary to inflate
and bind the layout. The Bundle will contain data that this function can use to re-create the view from a
saved state.

165



Chapter 9 Fragments

In CrimeDetailFragment.kt, add an implementation of onCreateView(..) that inflates and binds
fragment_crime_detail.xml. You can use the same trick from Figure 9.10 to fill out the function
declaration.

Listing 9.7 Overriding onCreateView(..) (CrimeDetailFragment.kt)
class CrimeDetailFragment : Fragment() {

private lateinit var binding: FragmentCrimeDetailBinding

private lateinit var crime: Crime

override fun onCreate(savedInstanceState: Bundle?) {

¥

override fun onCreateView(
inflater: LayoutInflater,
container: ViewGroup?,
savedInstanceState: Bundle?
): View? {
binding =
FragmentCrimeDetailBinding.inflate(inflater, container, false)
return binding.root

}

Much like in GeoQuiz, View Binding will generate a binding class that you can use to inflate and bind
your layout. This time it is called FragmentCrimeDetailBinding.

As before, you call the inflate(..) function to accomplish the task. However, this time you call a
slightly different version of the function — one that takes in three parameters instead of one. The first
parameter is the same LayoutInflater you used before. The second parameter is your view’s parent,
which is usually needed to configure the views properly.

The third parameter tells the layout inflater whether to immediately add the inflated view to the view’s
parent. You pass in false because the fragment’s view will be hosted in the activity’s container view.
The fragment’s view does not need to be added to the parent view immediately — the activity will
handle adding the view later.

Once you return the root view within the binding, you are ready to start wiring up the views.
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Wiring up views in a fragment

You are now going to hook up the EditText, CheckBox, and Button in your fragment. Your first
instinct might be to add some code to onCreateView(..), but it is best if you keep onCreateView(..)
simple and do not do much more there than bind and inflate your view. The onViewCreated(..)
lifecycle callback is invoked immediately after onCreateView(..), and it is the perfect spot to wire up
your views.

Start by adding a listener to the EditText in the onViewCreated(..) lifecycle callback.

Listing 9.8 Adding a listener to the EditText view (CrimeDetailFragment.kt)
class CrimeDetailFragment : Fragment() {

override fun onCreateView(
inflater: LayoutInflater,
container: ViewGroup?,
savedInstanceState: Bundle?
): View? {

}

override fun onViewCreated(view: View, savedInstanceState: Bundle?) {
super.onViewCreated(view, savedInstanceState)

binding.apply {
crimeTitle.doOnTextChanged { text, _, _, _ —>
crime = crime.copy(title = text.toString())
}

b

Setting listeners in a fragment works exactly the same as in an activity. Here, you add a listener

that will be invoked whenever the text in the EditText is changed. The lambda is invoked with four
parameters, but you only care about the first one, text. The text is provided as a CharSequence, so to
set the Crime’s title, you call toString() on it.

(The doOnTextChanged () function is actually a Kotlin extension function on the EditText class. Do
not forget to import it from the androidx.core.widget package.)

When you are not using a parameter, like the remaining lambda parameters here, you name it _.
Lambda arguments named _ are ignored, which removes unnecessary variables and can help keep your
code tidy.
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Next, connect the Button to display the date of the crime.

Listing 9.9 Setting Button text (CrimeDetailFragment.kt)
class CrimeDetailFragment : Fragment() {

override fun onViewCreated(view: View, savedInstanceState: Bundle?) {
super.onViewCreated(view, savedInstanceState)

binding.apply {
crimeTitle.doOnTextChanged { text, _, _, _ —>
crime = crime.copy(title = text.toString())
}

crimeDate.apply {
text = crime.date.toString()
isEnabled = false

}

Disabling the button ensures that it will not respond to the user pressing it. It also changes its
appearance to advertise its disabled state. In Chapter 14, you will enable the button and allow the user
to choose the date of the crime.

The last change you need to make within this class is to set a listener on the CheckBox that will update
the isSolved property of the Crime, as shown in Listing 9.10.

Listing 9.10 Listening for CheckBox changes (CrimeDetailFragment.kt)
class CrimeDetailFragment : Fragment() {

override fun onViewCreated(view: View, savedInstanceState: Bundle?) {
super.onViewCreated(view, savedInstanceState)

binding.apply {
crimeTitle.doOnTextChanged { text, _, _, _ —>
crime = crime.copy(title = text.toString())
}

crimeDate.apply {
text = crime.date.toString()
isEnabled = false

}

crimeSolved.setOnCheckedChangeListener { _, isChecked ->
crime = crime.copy(isSolved = isChecked)

}

i

It would be great if you could run Criminallntent and play with the code you have written. But you
cannot — yet. Remember, fragments cannot put their views onscreen on their own. To realize your
efforts, you first have to add a CrimeDetailFragment to MainActivity
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Hosting a Fragment

When fragments were first introduced, developers had to jump through numerous hoops to display
them. In 2019, Google introduced the FragmentContainerView, which makes it easier to create
host containers for a fragment. In this section, you will use a FragmentContainerView to host your
CrimeDetailFragment. Then you will learn about the FragmentManager and the fragment lifecycle.
Finally, you will tie up one loose end in CrimeDetailFragment.

Defining a FragmentContainerView

FragmentContainerView is, as its name suggests, built to contain fragments. Fragments have changed
significantly over the years, so FragmentContainerView helps provide a consistent environment for
fragments to operate in. Much like the views you have used so far, the FragmentContainerView has
common XML attributes to define its ID and its size.

Locate and open MainActivity’s layout in res/layout/activity_main.xml. Replace the default
layout with a FragmentContainerView, as shown in Listing 9.11.

Listing 9.11 Creating the fragment container layout
(res/layout/activity_main.xml)

<fandreidxreenstrainttayeutwidget-—Constraintlayeuts>

<androidx. fragment.app.FragmentContainerView
xmlns:android="http://schemas.android.com/apk/res/android"
xmlns:tools="http://schemas.android.com/tools"
android:id="@+id/fragment_container"
android:name="com.bignerdranch.android.criminalintent.CrimeDetailFragment"
android:layout_width="match_parent"
android:layout_height="match_parent"
tools:context=".MainActivity" />

FragmentContainerView has one XML attribute that you have not seen on other views:
android:name, whose value here is the full package name for CrimeDetailFragment. With that, the
FragmentContainerView will manage creating your CrimeDetailFragment and inserting it in the
activity’s layout.
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At last, it is time to run Criminallntent to check your code. You will see your CrimeDetailFragment
below an app bar that shows Criminallntent’s name (Figure 9.11). (The app bar — the toolbar at the top
of your app — is included automatically because of the way you configured your activity. You will learn
more about the app bar in Chapter 15.)

Figure 9.11 CrimeDetailFragment’s view hosted by MainActivity

Enter a title for the crime.

Now that you have seen the results of your work, let’s go behind the scenes and discuss how fragments
and their lifecycles are managed.

170



The FragmentManager

The FragmentManager

When the Fragment class was introduced in Honeycomb, the Activity class was changed to include
a piece called the FragmentManager. The FragmentManager is responsible for adding the fragments’
views to the activity’s view hierarchy and driving the fragments’ lifecycles. It handles two things:

a list of fragments and a back stack of fragment transactions (which you will learn about shortly)
(Figure 9.12).

Figure 9.12 The FragmentManager

Right now, your FragmentContainerView interacts with the FragmentManager to display your
CrimeDetailFragment. The FragmentContainerView uses the FragmentManager to create and host the
fragment you specified in the android: name XML attribute.

As an alternative to using the android:name XML attribute, you can attach fragments to your activities
in code with the FragmentManager. Also, in addition to the basic functionality provided by your
FragmentContainerView, you can use the FragmentManager to remove a fragment from view, replace
it with another, and even alter the navigation backstack.

To add a fragment to an activity in code, you make explicit calls to the activity’s FragmentManager.
You can access the activity’s fragment manager using the supportFragmentManager property. You use
supportFragmentManager because you are using the Jetpack library and the AppCompatActivity class.
(The name is prefixed with “support” because the property originated in the v4 support library, but the
support library has since been repackaged as an androidx library within Jetpack.)

Actions such as adding, removing, or replacing fragments are accomplished using fragment
transactions. They allow you to group multiple operations, such as adding multiple fragments to
different containers at the same time. They are the heart of how you use fragments to compose and
recompose screens at runtime.

171



Chapter 9 Fragments

The FragmentManager maintains a back stack of fragment transactions that you can navigate. If your
fragment transaction includes multiple operations, they are reversed when the transaction is removed
from the back stack. This provides more control over your Ul state when you group your fragment
operations into a single transaction.

val fragment = CrimeDetailFragment()
supportFragmentManager
.beginTransaction()
.add(R.id.fragment_container, fragment)
.commit()

In this example, the FragmentManager.beginTransaction() function creates and returns an instance
of FragmentTransaction. The FragmentTransaction class uses a fluent interface — functions that
configure FragmentTransaction return a FragmentTransaction instead of Unit, which allows you to
chain them together. So the code highlighted above says, “Create a new fragment transaction, include
one add operation in it, and then commit it.”

The add(..) function is the meat of the transaction. It has two parameters: a container view ID and the
newly created CrimeDetailFragment. The container view ID should look familiar. It is the resource ID
of the FragmentContainerView that you would define in an activity’s layout.

A container view ID serves two purposes:
* It tells the FragmentManager where in the activity’s view the fragment’s view should appear.

e Itisused as a unique identifier for a fragment in the FragmentManager’s list.
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The fragment lifecycle

As we mentioned, another responsibility of the FragmentManager is driving the fragment lifecycle,
which is shown in Figure 9.13. The fragment lifecycle is similar to the activity lifecycle: It has created,
started, and resumed states, and it has functions you can override to get things done at critical points —
many of which correspond to activity lifecycle functions.

Figure 9.13 Fragment lifecycle diagram

The correspondence is important. Because a fragment works on behalf of an activity, its state should
reflect the activity’s state. Thus, it needs corresponding lifecycle functions to handle the activity’s
work.

One critical difference between the fragment lifecycle and the activity lifecycle is that fragment
lifecycle functions are called by the FragmentManager of the hosting activity, not the OS. The OS
knows nothing about the fragments that an activity is using to manage things. Fragments are the
activity’s internal business. The onAttach(Context?), onCreate(Bundle?), onCreateView(..), and
onViewCreated(..) functions are called when you add the fragment to the FragmentManager.

The onActivityCreated(Bundle?) function is called after the hosting activity’s
onCreate(Bundle?) function has executed. You are adding the CrimeDetailFragment in
MainActivity.onCreate(Bundle?), so this function will be called after the fragment has been added.
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What happens if you add a fragment while the activity is already resumed? In that case, the
FragmentManager immediately walks the fragment through whatever steps are necessary to get it
caught up to the activity’s state. For example, as a fragment is added to an activity that is already
resumed, that fragment gets calls to onAttach(Context?), onCreate(Bundle?), onCreateView(..),
onViewCreated(..), onActivityCreated(Bundle?), onStart(), and then onResume().

Once the fragment’s state is caught up to the activity’s state, the hosting activity’s FragmentManager
will call further lifecycle functions around the same time that it receives the corresponding calls from
the OS to keep the fragment’s state aligned with that of the activity.

Fragments and memory management

Fragments can be swapped in and out as the user navigates your app. For Criminallntent, you will
make another Fragment in Chapter 10 that displays a list of crimes. By the time you have completed
developing the app, you will be able to navigate from the list fragment to the detail fragment, and
your list will disappear from the user’s view. Because the user can navigate back to the list screen, the
fragment is retained in memory so it is ready to be used when the user presses the Back button.

But what about its view? Because the previous fragment is not being displayed, the system does not
need to keep its view in memory. And, in fact, Fragment has a lifecycle method to destroy its view
when it is no longer needed. This method is called onDestroyView(). When the Fragment becomes
visible again, its onCreateView(..) method will be called again to re-create the view.

And here we come to the loose end we mentioned earlier: Although you have an onCreateView(..)
callback in Criminallntent, your view is not currently being freed from memory, because you are
holding a reference to it via the binding property. The system sees that there is a chance you might
access the view later and prevents the system from clearing its memory.

This wastes resources, since the view is being held in memory even though it is not used — and even
though the view will be re-created when the Fragment becomes visible again. With your current
implementation, the system cannot free the memory associated with your old view until either the view
is re-created by calling onCreateView(..) again or the entire Fragment is destroyed.

The good news is that there is a straightforward solution to this problem: Null out any references to
views in the onDestroyView() lifecycle callback. As long as you make sure to clean up any references
to your views in onDestroyView(), you will be safe from the issues associated with this second
lifecycle — and you benefit from a performance boost by freeing up unused resources.

Listing 9.12 Nulling out references to your view (CrimeDetailFragment.kt)
class CrimeDetailFragment : Fragment() {

6Qérride fun onViewCreated(view: View, savedInstanceState: Bundle?) {

}

override fun onDestroyView() {

super.onDestroyView()
binding = null
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After you make those changes, Android Studio will start complaining. Currently, your binding is not
nullable. But with a few small changes, you can null out your references and have easy access to your
binding. Create a nullable backing property, named _binding, and change the binding property to
become a computed property. By using the checkNotNull() precondition, Kotlin will be able to smart
cast the binding property to be non-null.

Listing 9.13 Having the best of both worlds (CrimeDetailFragment.kt)

class CrimeDetailFragment : Fragment() {

private var _binding: FragmentCrimeDetailBinding? = null
private val binding
get() = checkNotNull(_binding) {
"Cannot access binding because it is null. Is the view visible?"
}

override fun onCreateView(
inflater: LayoutInflater,
container: ViewGroup?,
savedInstanceState: Bundle?
): View? {
binﬁ.ng_- ] ] . ] ] . .
FraghentErimebetartBinding—inftatetinftater—eentatner—fatse)
_binding =
FragmentCrimeDetailBinding.inflate(inflater, container, false)

}

override fun onDestroyView() {
super.onDestroyView()

binding—e—nutt
_binding = null
¥

When accessing binding, you still have the benefit of a non-nullable property, but now you also have
the backing _binding property that you can null out in onDestroyView().

In this chapter, you used fragments to display an individual screen free of the limitations associated
with activities. In the next chapter, you will create another fragment and leverage a RecyclerView to
display your crimes in a list.
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Challenge: Testing with FragmentScenario

Much like the ActivityScenario class you used back in Chapter 6, Google has a corresponding
FragmentScenario to test fragments in isolation. Built on the same infrastructure as
ActivityScenario, FragmentScenario behaves in a similar fashion and uses a similar API. Try
writing a test for your CrimeDetailFragment using a FragmentScenario with Espresso.

For example, you could test and verify that the CheckBox and EditText are hooked up to your
fragment and update the Crime. By removing the private visibility modifier on the property and
using the FragmentScenario.onFragment(..) function, you can get access to a Crime and perform the
appropriate assertions.

FragmentScenario exists in a separate library, so do not forget to add the line below to your
dependencies in the build.gradle file labeled (Module: Criminallntent.app). Note the usage of
debugImplementation —the FragmentScenario class works a little differently than other testing
libraries you have used so far. Under the hood, the library inserts an activity into your app and uses it to
host your fragment in a container it can control.

dependencies {

debugImplementation "androidx.fragment:fragment-testing:1.4.1"
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Displaying Lists with
RecyclerView

Currently, CriminalIntent can only display information about a single instance of Crime. In this

chapter, you will update Criminallntent to work with a list of crimes. The list will display each Crime’s
title and date, as shown in Figure 10.1.

Figure 10.1 A list of crimes
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Many aspects of the work you will complete in this chapter will feel familiar from the work you did
in previous chapters. For example, much like you did in GeoQuiz, you will create a new ViewModel to
encapsulate the data for the new screen. CrimeListViewModel will store a list of Crime objects.

Since this data will be displayed on a new screen, you will also create a new fragment, called
CrimeListFragment. Your MainActivity will host an instance of CrimeListFragment, which in turn
will display the list of crimes on the screen.

The activity’s view will still consist of a single FragmentContainerView. The fragment’s view will
consist of a RecyclerView, a class that allows you to efficiently recycle views.

For now, the list and detail parts of Criminallntent will lead separate lives. In Chapter 13, you will
connect them.

Adding a New Fragment and ViewModel

The first step is to add a ViewModel to store the List of Crime objects you will eventually display on
the screen. As you learned in Chapter 4, the ViewModel class is part of the lifecycle-viewmodel-ktx
library. So begin by adding the lifecycle-viewmodel-ktx dependency to your app/build.gradle file
(that is, the build.gradle file labeled Module: Criminallntent.app).

Listing 10.1 Adding lifecycle-viewmodel-ktx dependency (app/
build.gradle)

dependencies {

implementation 'androidx.constraintlayout:constraintlayout:2.1.3"'
implementation 'androidx.fragment:fragment-ktx:1.4.1'
implementation 'androidx.lifecycle:lifecycle-viewmodel-ktx:2.4.1"'

}

Do not forget to sync your Gradle files after making this change.

Next, create a Kotlin class called CrimeListViewModel. Update the new CrimeListViewModel class
to extend from ViewModel. Add a property to store a list of Crimes. In the init block, populate the list
with dummy data.

Listing 10.2 Generating crimes (CrimeListViewModel. kt)
class CrimeListViewModel : ViewModel() {
val crimes = mutableListOf<Crime>()

init {
for (i in 0 until 100) {
val crime = Crime(
id = UUID.randomUUID(),
title ="Crime #$i",
date = Date(),
isSolved = i % 2 ==

)

crimes += crime
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Eventually, the List will contain user-created Crimes that can be saved and reloaded. For now, you
populate the List with 100 boring Crime objects.

The CrimeListViewModel is not a solution for long-term storage of data, but it does encapsulate all the
data necessary to populate CrimeListFragment’s view. In Chapter 12, you will learn more about long-
term data storage when you update Criminallntent to store the crime list in a database.

Next, create the CrimeListFragment class and associate it with CrimeListViewModel. Make it a
subclass of androidx.fragment.app.Fragment.

Listing 10.3 Implementing CrimeListFragment (CrimeListFragment.kt)
private const val TAG = "CrimelListFragment"
class CrimeListFragment : Fragment() {

private val crimeListViewModel: CrimeListViewModel by viewModels()

override fun onCreate(savedInstanceState: Bundle?) {
super.onCreate(savedInstanceState)
Log.d(TAG, "Total crimes: ${crimeListViewModel.crimes.size}")

}

For now, CrimeListFragment is an empty shell of a fragment. It does not even have a Ul to display; it
just logs the number of crimes found in CrimeListViewModel. You will flesh the fragment out later in
this chapter.

ViewModel lifecycle with fragments

In Chapter 4, you learned about the ViewModel lifecycle when used with an activity. This lifecycle is
slightly different when the ViewModel is used with a fragment. It still only has two states, created or
destroyed/nonexistent, but it is now tied to the lifecycle of the fragment instead of the activity.

The ViewModel will remain active as long as the fragment’s view is onscreen. This means the
ViewModel will persist across rotation (even though the fragment instance will not) and be accessible to
the new fragment instance.

The ViewModel will be destroyed when the fragment is destroyed. This can happen when the hosting
activity replaces the fragment with a different one. Even though the same activity is on the screen, both
the fragment and its associated ViewModel will be destroyed, since they are no longer needed.

One special case is when you add the fragment transaction to the back stack. When the activity
replaces the current fragment with a different one, if the transaction is added to the back stack, the
fragment instance and its ViewModel will not be destroyed. This maintains your state: If the user
presses the Back button, the fragment transaction is reversed. The original fragment instance is put
back on the screen, and all the data in the ViewModel is preserved.
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Next, update activity_main.xml to host an instance of CrimeListFragment instead of
CrimeDetailFragment.

Listing 10.4 Adding CrimeListFragment (activity_main.xml)

<?xml version="1.0" encoding="utf-8"7?>
<androidx.fragment.app.FragmentContainerView
xmlns:android="http://schemas.android.com/apk/res/android"
xmlns:tools="http://schemas.android.com/tools"
android:id="@+id/fragment_container"

android:name="com.bignerdranch.android.criminalintent.CrimeListFragment"
android: layout_width="match_parent"

android: layout_height="match_parent"

tools:context=".MainActivity" />

For now, you have hardcoded MainActivity to always display a CrimeListFragment. In Chapter 13,
you will update MainActivity to use the Fragment Navigation library to navigate between
CrimeListFragment and CrimeDetailFragment as the user moves through the app.

Run Criminallntent, and you will see MainActivity’s FragmentContainerView hosting an empty
CrimeListFragment, as shown in Figure 10.2.

Figure 10.2 Blank MainActivity screen
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Search the Logcat output for CrimeListFragment. You will see a log statement showing the total
number of crimes:

2022-02-25 15:19:39.950 26140-26140/com.bignerdranch.android.criminalintent
D/CrimeListFragment: Total crimes: 100

Adding a RecyclerView

You want CrimeListFragment to display a list of crimes to the user. To do this, you will use a
RecyclerView.

The RecyclerView class lives in another Jetpack library. So the first step to using a RecyclerView is to
add the RecyclerView library as a dependency.

Listing 10.5 Adding RecyclerView dependency (app/build.gradle)

dependencies {

implementation 'androidx.lifecycle:lifecycle-viewmodel-ktx:2.4.1"
implementation 'androidx.recyclerview:recyclerview:1.2.1'

b
Again, sync your Gradle files before moving on.

Your RecyclerView will live in CrimeListFragment’s layout file. To create the layout file, right-click
the res/layout directory in the project tool window and choose New — Layout resource file. Name the
new file fragment_crime_list. For the Root element, specify androidx.recyclerview.widget.RecyclerView
(Figure 10.3).

Figure 10.3 Adding CrimeListFragment’s layout file

r [ Mew Resource File
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In the new layout/fragment_crime_list.xml file, add an ID attribute to the RecyclerView. Collapse
the close tag into the opening tag, since you will not add any children to the RecyclerView.

Listing 10.6 Adding RecyclerView to a layout file
(layout/fragment_crime_list.xml)

<androidx.recyclerview.widget.RecyclerView
xmlns:android="http://schemas.android.com/apk/res/android"
android:id="@+id/crime_recycler_view"
android: layout_width="match_parent"

android:layout:height="match:parent"/>
rroite 1 s eidaetoR terys

Now that CrimeListFragment’s view is set up, hook up the view to the fragment in
CrimeListFragment.kt. Inflate and bind your layout — and do not forget to null out your binding in
onDestroyView().

Listing 10.7 Hooking up the view for CrimeListFragment
(CrimeListFragment.kt)

class CrimeListFragment : Fragment() {

private var _binding: FragmentCrimelListBinding? = null
private val binding
get() = checkNotNull(_binding) {
"Cannot access binding because it is null. Is the view visible?"
}

private val crimeListViewModel: CrimeListViewModel by viewModels()

override fun onCreate(savedInstanceState: Bundle?) {
super.onCreate(savedInstanceState)
Log.d(TAG, "Total crimes: ${crimeListViewModel.crimes.size}")

b

override fun onCreateView(
inflater: LayoutInflater,
container: ViewGroup?,
savedInstanceState: Bundle?
): View? {
_binding = FragmentCrimeListBinding.inflate(inflater, container, false)
return binding.root

}

override fun onDestroyView() {
super.onDestroyView()
_binding = null
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Implementing a LayoutManager

RecyclerView is a view with a narrow focus, and on its own it does not do much. All it does is
“recycle,” or reuse, views to display a list of data. It delegates all the other responsibilities of
displaying that list of data to other components: LayoutManager, ViewHolder, and Adapter. We will
walk you through these pieces one at a time.

The RecyclerView delegates the responsibility for positioning items on the screen to the
LayoutManager. The LayoutManager positions each item and also defines how scrolling works. So if
RecyclerView wants to display items but the LayoutManager is not there, it will give up and display
nothing.

There are a few built-in LayoutManagers to choose from, and you can find more as third-party libraries.
Set a LinearLayoutManager as the LayoutManager for your RecyclerView. It will position the items in
the list vertically, one after the other, like a LinearLayout.

Listing 10.8 Setting up the LayoutManager (CrimeListFragment.kt)
class CrimeListFragment : Fragment() {
override fun onCreateView(
inflater: LayoutInflater,
container: ViewGroup?,
savedInstanceState: Bundle?
): View? {
_binding = FragmentCrimeListBinding.inflate(inflater, container, false)
binding.crimeRecyclerView.layoutManager = LinearlLayoutManager(context)

return binding.root

b

Run the app again. You will still see a blank screen, but now you are looking at an empty
RecyclerView.
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Creating an Item

RecyclerView is a subclass of ViewGroup. It displays a list of child View objects, called item views.
Each item view represents a single object from the list of data backing the recycler view (in your case,
a single crime from the crime list). Depending on the complexity of what you need to display, these

child Views could be complex or

For your first implementation, each item in the list will display the title and date of a Crime, as shown

in Figure 10.4.

Figure 10.4 A RecyclerV

Each item displayed on the RecyclerView will have its own view hierarchy, exactly the way
CrimeDetailFragment has a view hierarchy for the entire screen. Specifically, the View object on each
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row will be a LinearLayout containing two TextViews.
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You create a new layout for a list item view the same way you do for the view of an activity or
a fragment. Create a new layout resource file called list_item_crime and set the root element to
LinearLayout.

Update your layout file to add padding to the LinearLayout and to add the two TextViews, as shown in
Listing 10.9.

Listing 10.9 Updating the list item layout file (layout/list_item_crime.xml)

<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"
android:orientation="vertical"
android: layout_width="match_parent"
android:1ayoucheight:"wrap_Eontent"
android:padding="8dp">

<TextView
android:id="@+id/crime_title"
android:layout_width="match_parent"
android:layout_height="wrap_content"
android:text="Crime Title"/>

<TextView
android:id="@+id/crime_date"
android:layout_width="match_parent"
android:layout_height="wrap_content"
android:text="Crime Date"/>

</LinearLayout>

Take a look at the design preview, and you will see that you have laid out exactly one row of the
completed product. In a moment, you will see how RecyclerView will create those rows for you.
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Implementing a ViewHolder

The RecyclerView expects an item view to be wrapped in an instance of ViewHolder. A ViewHolder
stores a reference to an item’s view. But, as usual, you are not going to interact directly with the View.
You are going to use View Binding.

Create a new file named CrimeListAdapter.kt. In it, define a view holder by adding a CrimeHolder
class that extends from RecyclerView.ViewHolder.

Listing 10.10 The beginnings of a ViewHolder (CrimeListAdapter.kt)

class CrimeHolder(
val binding: ListItemCrimeBinding
) : RecyclerView.ViewHolder(binding.root) {

}

In CrimeHolder’s constructor, you take in the binding to hold on to. Immediately, you pass its root
view as the argument to the RecyclerView.ViewHolder constructor. The base ViewHolder class will
then hold on to the view in a property named itemView (Figure 10.5).

Figure 10.5 The ViewHolder and its itemView

186



Implementing a ViewHolder

A RecyclerView never creates Views by themselves. It always creates ViewHolders, which bring their
itemViews along for the ride (Figure 10.6).

Figure 10.6 The ViewHolder visualized

When the View for each item is simple, ViewHolder has few responsibilities. For more complicated
Views, the ViewHolder makes wiring up the different parts of a binding to a Crime simpler and more
efficient. (For example, you do not need to search through the item view hierarchy to get a handle for
the title text view every time you need to set the title.)

The updated view holder now holds a reference to the binding so you can easily change the value
displayed. Note that the CrimeHolder assumes that the binding you pass to its constructor has the type
ListItemCrimeBinding. You may be wondering, “What creates crime holder instances, and where do |
get the ListItemCrimeBinding?” You will learn the answer to these questions in just a moment.
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Implementing an Adapter to Populate the
RecyclerView

Figure 10.6 is somewhat simplified. RecyclerView does not create ViewHolders itself. Instead, it asks
an adapter. An adapter is a controller object that sits between the RecyclerView and the data set that
the RecyclerView should display.

The adapter is responsible for:

* creating the necessary ViewHolders when asked

* binding data to ViewHolders from the model layer when asked
The recycler view is responsible for:

* asking the adapter to create a new ViewHolder

* asking the adapter to bind a ViewHolder to the item from the backing data at a given position
Time to create your adapter. Add a new class named CrimeListAdapter in CrimeListAdapter.kt.

Add a primary constructor that expects a list of crimes as input and stores the passed-in crime list in a
property, as shown in Listing 10.11.

In your new CrimeListAdapter, you are also going to override three functions:
onCreateViewHolder(..), onBindViewHolder(..), and getItemCount (). To save you typing (and
typos), Android Studio can generate these overrides for you. Once you have added the constructor,
put your cursor on CrimeListAdapter and press Option-Return (Alt-Enter) (Figure 10.7). Select
Implement members from the pop-up. In the Implement members dialog, select all three function
names and click OK. Then you only need to fill in the bodies as shown.

Figure 10.7 Extending the RecyclerView.Adapter class
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Listing 10.11 Creating CrimeListAdapter (CrimeListAdapter.kt)

class CrimeHolder(
val binding: ListItemCrimeBinding
) : RecyclerView.ViewHolder(binding.root) {

b

class CrimeListAdapter(
private val crimes: List<Crime>
) : RecyclerView.Adapter<CrimeHolder>() {

override fun onCreateViewHolder (
parent: ViewGroup,
viewType: Int
) : CrimeHolder {
val inflater = LayoutInflater.from(parent.context)
val binding = ListItemCrimeBinding.inflate(inflater, parent, false)
return CrimeHolder(binding)
}

override fun onBindViewHolder(holder: CrimeHolder, position: Int) {
val crime = crimes[position]
holder.apply {
binding.crimeTitle.text = crime.title
binding.crimeDate.text = crime.date.toString()

}

override fun getItemCount() = crimes.size

}

Adapter.onCreateViewHolder(..) is responsible for creating a binding to display, wrapping the view
in a view holder, and returning the result. In this case, you inflate and bind a ListItemCrimeBinding
and pass the resulting binding to a new instance of CrimeHolder.

(For now, you can ignore onCreateViewHolder(..) s parameters. You only need these values if you are
doing something fancy, like displaying different types of views within the same recycler view. See the
section called Challenge: RecyclerView View Types at the end of this chapter for more information.)

Adapter.onBindViewHolder(..) is responsible for populating a given holder with the crime from a
given position. In this case, you get the crime from the crime list at the requested position. You then
use the title and date from that crime to set the text in the corresponding text views.

When the recycler view needs to know how many items are in the data set backing it (such as when
the recycler view first spins up), it will ask its adapter by calling Adapter.getItemCount(). Here,
getItemCount () returns the number of items in the list of crimes to answer the recycler view’s request.
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The RecyclerView itself does not know anything about the Crime object or the list of Crime objects to
be displayed. Instead, the CrimeListAdapter knows all of a Crime’s intimate and personal details. The
adapter also knows about the list of crimes that backs the recycler view (Figure 10.8).

Figure 10.8 Adapter sits between recycler view and data set

RecyclerView Adapter List<Crime>
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When the RecyclerView needs a view object to display, it will have a conversation with its adapter.
Figure 10.9 shows an example of a conversation that a RecyclerView might initiate.

Figure 10.9 A scintillating RecyclerView-Adapter conversation

The RecyclerView calls the adapter’s onCreateViewHolder (ViewGroup, Int) function to create a
new ViewHolder, along with its juicy payload: a View to display. The ViewHolder that the adapter
creates and hands back to the RecyclerView (along with its binding) has not yet been populated with
data from a specific item in the data set.

Next, the RecyclerView calls onBindViewHolder (ViewHolder, Int), passing a ViewHolder into this
function along with the position. The adapter looks up the model data for that position and binds it to
the ViewHolder’s View. To bind it, the adapter fills in the View to reflect the data in the model object.

After this process is complete, RecyclerView places the list item on the screen.
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Setting the RecyclerView’s adapter

Now that you have an Adapter, all you need to do is instantiate an instance with your crime data and
connect it to your RecyclerView.

Listing 10.12 Setting an Adapter (CrimeListFragment.kt)
class CrimeListFragment : Fragment() {

override fun onCreateView(
inflater: LayoutInflater,
container: ViewGroup?,
savedInstanceState: Bundle?
): View? {
_binding = FragmentCrimeListBinding.inflate(inflater, container, false)

binding.crimeRecyclerView. layoutManager = LinearLayoutManager(context)
val crimes = crimelListViewModel.crimes
val adapter = CrimelListAdapter(crimes)

binding.crimeRecyclerView.adapter = adapter

return binding.root
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Run Criminallntent and scroll through your RecyclerView, which should now look like Figure 10.10.

Figure 10.10 RecyclerView populated with Crimes

Swipe or drag down and you will see even more views scroll across your screen. Every visible
CrimeHolder should display a distinct Crime. (If your rows are much taller than these, or if you only
see one row on the screen, double-check that the layout_height on your row’s LinearLayout is set to
wrap_content.)

When you fling the view up, the scrolling animation should feel as smooth as warm butter. This effect
is a direct result of keeping onBindViewHolder(..) small and efficient, doing only the minimum
amount of work necessary. Take heed: Always be efficient in your onBindViewHolder (..). Otherwise,
your scroll animation could feel as chunky as cold Parmesan.
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Recycling Views

Figure 10.10 shows 13 (and a half) rows of Views. You can swipe to scroll through 100 Views to
see all of your Crimes. Does that mean that you have 100 View objects in memory? Thanks to your
RecyclerView, no.

Creating a View for every item in the list all at once could easily become unworkable. As you might
imagine, a list can have far more than 100 items, and your list items can be much more involved than
your simple implementation here. Also, a Crime only needs a View when it is onscreen, so there is no
need to have 100 Views ready and waiting. It would make far more sense to create view objects only as
you need them.

RecyclerView does just that. Instead of creating 100 Views, it creates just enough to fill the screen.
When a view is scrolled off the screen, RecyclerView reuses it rather than throwing it away. In short, it
lives up to its name: It recycles views over and over.

Because of this, onCreateViewHolder (..) will happen a lot less often than onBindViewHolder(..):
Once enough ViewHolders have been created, RecyclerView stops calling onCreateViewHolder(..).
Instead, it saves time and memory by recycling old ViewHolders and passing those into
onBindViewHolder(..).
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Cleaning Up Binding List Items

Right now, the Adapter binds crime data directly to a crime holder’s text views in
Adapter.onBindViewHolder(..). This works fine, but it is better to more cleanly separate concerns
between the view holder and the adapter. The adapter should know as little as possible about the inner
workings and details of the view holder.

Instead, place all the code that will do the real work of binding inside your CrimeHolder. Start by
adding a bind(Crime) function to CrimeHolder. In this new function, cache the crime being bound
into a property and set the text values on crimeTitle and crimeDate. While you are at it, make the
existing binding property private.

Listing 10.13 Writing a bind (Crime) function (CrimeListAdapter.kt)

class CrimeHolder(
private val binding: ListItemCrimeBinding
) : RecyclerView.ViewHolder(binding.root) {
fun bind(crime: Crime) {
binding.crimeTitle.text = crime.title
binding.crimeDate.text = crime.date.toString()

When given a Crime to bind, CrimeHolder will now update the title TextView and date TextView to
reflect the state of the Crime.

Next, call your newly minted bind(Crime) function each time the RecyclerView requests that a given
CrimeHolder be bound to a particular crime.

Listing 10.14 Calling bind(Crime) (CrimeListAdapter.kt)

class CrimeListAdapter(
private val crimes: List<Crime>
) : RecyclerView.Adapter<CrimeHolder>() {

override fun onCreateViewHolder(parent: ViewGroup, viewType: Int): CrimeHolder {
}

override fun onBindViewHolder(holder: CrimeHolder, position: Int) {
val crime = crimes[position]
hotder—appty—t
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holder.bind(crime)

b

override fun getItemCount() = crimes.size

i

Run Criminallntent one more time. The result should look the same as it did in Figure 10.10.
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Responding to Presses

As icing on the RecyclerView cake, Criminallntent should also respond to a press on these list items.
In Chapter 13, you will launch the detail view for a Crime when the user presses that Crime in the list.
For now, show a Toast when the user takes action on a Crime.

As you may have noticed, RecyclerView, while powerful and capable, has precious few real
responsibilities. (May it be an example to us all.) The same goes here: Handling touch events is mostly
up to you. If you need them, RecyclerView can forward along raw touch events. But most of the time
this is not necessary.

Instead, you can handle them like you normally do: by setting an OnClickListener. Because you want
the entire row to be clickable, set the OnClickListener on the root property of the binding.

Listing 10.15 Detecting presses in CrimeHolder (CrimeListAdapter.kt)

class CrimeHolder(
private val binding: ListItemCrimeBinding
) : RecyclerView.ViewHolder(binding.root) {
fun bind(crime: Crime) {
binding.crimeTitle.text = crime.title
binding.crimeDate.text = crime.date.toString()

binding.root.setOnClickListener {
Toast.makeText (
binding.root.context,
"${crime.title} clicked!'",
Toast.LENGTH_SHORT
) .show()

Run Criminallntent and press an item in the list. You should see a Toast indicating that the item was
pressed.
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Lists and Grids: Past, Present, and Future

The core Android OS includes ListView, GridView, and Adapter classes. Until the release of Android
5.0, these were the preferred ways to create lists or grids of items.

The API for these components is very similar to RecyclerView’s. The ListView or GridView class is
responsible for scrolling a collection of items, but it does not know much about each of those items.
The Adapter is responsible for creating each of the Views in the list. However, ListView and GridView
do not enforce that you use the ViewHolder pattern (though you can — and should — use it).

These old implementations are replaced by the RecyclerView implementation because of the
complexity required to alter the behavior of a ListView or GridView.

Creating a horizontally scrolling ListView, for example, is not included in the ListView API and
requires a lot of work. Creating custom layout and scrolling behavior with a RecyclerView is still a lot
of work, but RecyclerView was built to be extended, so it is not quite so bad. And, as you will see in
Chapter 20, RecyclerView can be used with a GridLayoutManager to arrange items in a grid.

Another key feature of RecyclerView is the animation of items in the list. Animating the addition or
removal of items in a ListView or GridView is a complex and error-prone task. RecyclerView makes
this much easier; it includes a few built-in animations and allows for easy customization of these
animations.

For example, if you found out that the crime at position 0 moved to position 5, you could animate that
change like so:

recyclerView.adapter.notifyItemMoved(@, 5)

RecyclerView is powerful and extensible, but it is also complex and requires a lot of setup for even
simple Uls. With Jetpack Compose, which you will start learning about in Chapter 26, you have access
to the LazyColumn and LazyRow composables. These composables have all the customizability and
performance of RecyclerView, but they can be created with a fraction of the code.
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For the More Curious: A Smarter Adapter with
ListAdapter

As the backing data changes, RecyclerView provides all the tools needed to perform animations to
reflect those changes. As in the example above, you could call APIs like RecyclerView.Adapter
.notifyItemMoved(..) or RecyclerView.Adapter.notifyItemInserted(..) to tell the RecyclerView
to animate those changes in. However, you do not usually have visibility on specific changes to your
data, so you cannot easily call those functions on the individual changes in the list.

Instead, it is much more common to be presented with a copy of the list of data, with the changes
embedded in it. Unless you manually calculate all the changes between the old list of data and the new
list of data, the best you can do is reassign the backing list of data of your RecyclerView.Adapter and
force it to re-render every element in the list. That calculation of changes is difficult, so developers
often rely on RecyclerView.Adapter.notifyDataSetChanged(..), which will redraw and rebind all
the items in the RecyclerView’s layout.

A key aspect of RecyclerView’s design is that it tries to be efficient, avoiding unnecessary work. The
benefit of APIs such as RecyclerView.Adapter.notifyItemMoved(..) and RecyclerView.Adapter
.notifyItemInserted(..) is that they will only update or alter the relevant views to perform those
animations. All the other views in the list will remain untouched. In comparison, RecyclerView
.Adapter.notifyDataSetChanged(..) is a blunt instrument that often does a lot of unnecessary work.

When you are presented with an entirely new list of (very similar) data, it would be convenient to
have a tool that calculates the differences between the new and old lists and then calls the appropriate
RecyclerView.Adapter.notifyItem..() functions to animate those changes in. That is where
ListAdapter comes in.

ListAdapter extends the regular RecyclerView.Adapter, bringing with it extra goodies to help you
efficiently display and update lists of data. By using ListAdapter instead of RecyclerView.Adapter,
you can have the library calculate the individual insert/move/remove/update operations to efficiently
update the views in your RecyclerView.

This calculation does not happen magically. ListAdapter uses a class called Diffutil, which is
included in the RecyclerView library. DiffUtil can detect which items have changed between your
original list and your updated list, but it needs a bit of help. The key component that makes this process
work is an instance of a class you define that extends DiffUtil.ItemCallback.

The DiffUtil.ItemCallback class has two functions that you must implement
(areContentsTheSame(..) and areItemsTheSame(..)), which ListAdapter uses internally to determine
the differences between the lists and then call the appropriate APIs.

With that set up, whenever you have a new list of data to display in your RecyclerView, all you have
to do is call ListAdapter.submitList(..), passing in the new list of data, and your RecyclerView will
beautifully and efficiently animate the new data onscreen.
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Challenge: RecyclerView View Types

For this advanced challenge, create two types of rows in your RecyclerView: a normal row and a row
for more serious crimes. To implement this, you will need to work with the view type feature available
in RecyclerView.Adapter.

Add a new property, requiresPolice, to the Crime object and use it to determine which
view to load on the CrimeListAdapter by implementing the getItemViewType(Int)
function (developer.android.com/reference/androidx/recyclerview/widget/
RecyclerView.Adapter#getItemViewType(int)).

In the onCreateViewHolder (ViewGroup, Int) function, you will also need to add logic that returns a
different ViewHolder based on the new viewType value returned by getItemViewType(Int). Use the
original layout for crimes that do not require police intervention and a new layout with a streamlined
interface containing a button that says “contact police” for crimes that do.
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11

Creating User Interfaces with
Layouts and Views

In this chapter, you will learn more about layouts and views while adding some style to your list
items in the RecyclerView. You will also learn how to use the layout editor to arrange views within a
ConstraintLayout.
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Figure 11.1 shows what CrimeListFragment’s view will look like once you build up your masterpiece.

Figure 11.1 Criminalintent, now with beautiful pictures
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In previous chapters, you used nested layout hierarchies to arrange your views. For example, the
layout/activity_main.xml file you created for GeoQuiz in Chapter 1 nested a LinearLayout within
another LinearLayout. This nesting is hard for you and other developers to read and edit. Worse,
nesting can degrade your app’s performance. Nested layouts can take a long time for the Android

OS to measure and lay out, meaning your users might experience a delay before they see your views
onscreen.

Flat, or non-nested, layouts take less time for the OS to measure and lay out. And this is one of the
areas where ConstraintLayout really shines. You can create beautifully intricate layouts without using
nesting.
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Before you start learning about ConstraintLayout, you need to take care of one task: You need

a copy of that fancy handcuff image from Figure 11.1 in your project. Open the solutions file
(www.bignerdranch.com/android-5e-solutions) and find the solution for this chapter in 11.
Creating User Interfaces with Layouts and Views/Solution/CriminalIntent. From the app/
src/main/res/drawable directory, copy the ic_solved.xml file into the drawable/ folder in your
project.

Introducing ConstraintLayout

With ConstraintLayout, instead of using nested layouts you add a series of constraints to your

layout. A constraint is like a rubber band: It pulls two things toward each other. So, for example, if you
have an ImageView, you can attach a constraint from its right edge to the right edge of its parent (the
ConstraintLayout itself), as shown in Figure 11.2. The constraint will hold the ImageView to the right.

Figure 11.2 ImageView with a constraint on the right edge

You can create a constraint from all four edges of your ImageView (left, top, right, and bottom). If you
have opposing constraints, they will equal out, and your ImageView will be in the center of the two
constraints (Figure 11.3).

Figure 11.3 ImageView with opposing constraints

So that is the big picture: To place views where you want them to go in a ConstraintLayout, you give
them constraints.

What about sizing views? For that, you have three options: Let the view decide (your old friend
wrap_content), decide for yourself, or let your view expand to fit your constraints.

With those tools, you can achieve a great many layouts with a single ConstraintLayout, no
nesting required. As you go through this chapter, you will see how to use constraints with your
list_item_crime.xml layout file.
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Introducing the Layout Editor

So far, you have created layouts by typing XML. In this section, you will use Android Studio’s layout
editor.

Open layout/list_item_crime.xml and select the Design tab near the top-right corner of the editor
tool window to open the design view (Figure 11.4).

Figure 11.4 Views in the layout editor

In the middle of the layout editor is the preview you have seen before. To the right of the preview is
the blueprint, which, as you saw in Chapter 1, is like the preview but shows the outline of each of your
views. This can be useful when you need to see how big each view is, not just what it is displaying.

In the top-left area of the screen is the palette, which contains all the views you could wish for,
organized by category. The component tree is in the bottom left. The tree shows how the views are
organized in the layout. If you do not see the palette or component tree, click the tabs on the left side of
the preview to open the tool windows.

On the right side of the screen is the attributes tool window. Here, you can view and edit the attributes
of the view selected in the component tree.
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The first thing you need to do is convert list_item_crime.xml to use a ConstraintLayout. Right-

click the root LinearLayout in the component tree and select Convert LinearLayout to ConstraintLayout
(Figure 11.5).

Figure 11.5 Converting the root view to a ConstraintLayout

Android Studio will ask you in a pop-up how aggressive you would like this conversion process to
be (Figure 11.6). Since list_item_crime.xml is a simple layout file, there is not much that Android
Studio can optimize. Leave the default values checked and select OK.

Figure 11.6 Converting with the default configuration
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Be patient. The conversion process might take a little while. But when it is complete, you will have a
fine, new ConstraintLayout to work with (Figure 11.7).

Figure 11.7 Life as a ConstraintLayout

e

(Wondering why the component tree says you have a linearLayout? We will get to that in a moment.)
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The toolbar above the preview has a few editing controls (Figure 11.8). You may need to click into the
preview to see all the controls.

Figure 11.8 Constraint controls

View Options View Options = Show All Constraints reveals the constraints that
are set up in the preview and blueprint views. You will find this
option helpful at times and unhelpful at others. If you have many
constraints, this setting will trigger an overwhelming amount of
information.

The view options menu includes other useful options, such as
Show System UlI. Selecting Show System Ul displays the app bar
as well as some system UI (such as the status bar) the user sees at
runtime. You will learn more about the app bar in Chapter 15.

Toggle Autoconnect When autoconnect is enabled, constraints will be automatically
configured as you drag views into the preview. Android Studio
will guess the constraints that you want a view to have and make
those connections automatically.

Clear All Constraints This button removes all existing constraints in the layout file. You
will use this shortly.

Infer Constraints This option is similar to autoconnect in that Android Studio will
automatically create constraints for you, but it is only triggered
when you select this button. Autoconnect is active any time you
add a view to your layout file.
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Using ConstraintLayout

When you converted list_item_crime.xml to use ConstraintLayout, Android Studio automatically
added the constraints it thinks will replicate the behavior of your old layout. However, to learn how
constraints work you are going to start from scratch.

Select the top-level view in the component tree, labeled linearLayout. Why does it say linearLayout,
when you converted your view to a ConstraintLayout? That is the ID the ConstraintLayout
converter supplied. linearLayout is, in fact, your ConstraintLayout. You can check the XML version
of your layout if you want to confirm this.

With linearLayout selected in the component tree, click the Clear All Constraints button (shown in
Figure 11.8) and confirm your intentions in the pop-up. You will immediately see red warning flags,
including one at the top right of the screen. Click it to see what that is all about (Figure 11.9).

Figure 11.9 ConstraintLayout warnings

When views do not have enough constraints, ConstraintLayout cannot know exactly where to put
them. Your TextViews have no constraints at all, so they each have a warning that says they will not
appear in the right place at runtime.

In the preview, the views look the same as they did when you were using a LinearLayout. But — as the
errors indicate — the positioning you see in the preview is not what you would see if you ran the app.
The preview allows you to position your views anywhere on the canvas to make it easier to add your
constraints, but these positions are only valid in the preview, not at runtime.

As you go through the chapter, you will add constraints to fix those warnings. In your own work, keep
an eye on that warning indicator to avoid unexpected behavior at runtime.
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Making room

You need to make some room to work in the layout editor. Your two TextViews are taking up the entire
area, which will make it hard to wire up anything else. Time to shrink those two views.

Select crime_title in the component tree and look at the attributes window on the right (Figure 11.10). If
this window is not open for you, click the Attributes tab on the right to open it.

Figure 11.10 Title TextView's attributes

The vertical and horizontal sizes of your TextView are governed by the height setting and width
setting, respectively. There are three setting types for height and width (shown in Figure 11.11 and
summarized in Table 11.1), each of which corresponds to a value for layout_height or layout_width.

Figure 11.11 Three view size settings
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Table 11.1 View size setting types

Setting Setting Usage
type value
fixed Xdp Specifies an explicit size (that will not change) for the view. The

size is specified in dp units and should be a positive number. (If
you need a refresher on dp units, see the section called Screen Pixel
Densities in Chapter 2.)

wrap wrap_content Assigns the view its “desired” size. For a TextView, this means that
content the size will be just big enough to show its contents.

match odp Allows the view to stretch to meet the specified constraints.
constraint

Both the title and date TextViews are set to a large fixed width, which is why they are taking up

the whole screen. Adjust the width and height of both views. With crime_title still selected in the
component tree, click the width setting until it cycles around to the wrap content setting (or use the
drop-down menu to choose the setting). If necessary, adjust the height setting until the height is also set
to wrap content (Figure 11.12).

Figure 11.12 Adjusting the title width and height

Repeat the process with the crime_date view to set its width and height.
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Now the two views are the correct size (Figure 11.13).

Figure 11.13 Correctly sized TextViews

This change has not fixed the errors in your layout, because your views still have no constraints. You
will add constraints to correctly position your TextViews and get rid of the errors later. First, you will
add the third view you need in your layout.

Adding views

With your other views out of the way, you can add the handcuffs image to your layout. Add an
ImageView to your layout file. In the palette, find ImageView in the Common category (Figure 11.14).
Drag it into your component tree as a child of the ConstraintLayout, just underneath crime_date.

Figure 11.14 Finding the ImageView

Sommaon
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In the dialog that pops up, scroll to the Criminalintent.app.main section and choose ic_solved as the
resource for the ImageView (Figure 11.15). This image will be used to indicate which crimes have been
solved. Click OK.

Figure 11.15 Choosing the ImageView's resource
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(The “ic” is short for “icon,” by the way. Just as fragment layout files begin with the “fragment_"
prefix and activity layout files begin with the “activity_” prefix, it is a convention to prefix your icons
with the “ic_" prefix. That allows you to easily organize your various drawables.)

The ImageView is now a part of your layout, but it has no constraints. So while the layout editor gives it
a position, that position does not really mean anything.
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Adding views

Click your ImageView in the preview. (You may want to zoom the preview in to get a better look. The
zoom controls are in the toolbar in the lower right of the canvas.) You will see circles on each side of
the ImageView (Figure 11.16). Each of these circles represents a constraint handle.

Figure 11.16 ImageView's constraint handles

L
You want the ImageView to be anchored on the right side of the view and centered vertically. To
accomplish this, you need to create constraints from the top, right, and bottom edges of the ImageView.

Before adding constraints, drag the ImageView to the right and down to move it away from the
TextViews (Figure 11.17). Do not worry about where you place the ImageView. This placement will be
ignored once you get your constraints in place.

Figure 11.17 Moving a view temporarily
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Time to add some constraints. First, you are going to set a constraint between the top of the ImageView
and the top of the ConstraintLayout. In the preview, drag the top constraint handle from the
ImageView to the top of the ConstraintLayout. The handle will display an arrow and turn solid blue
(Figure 11.18).

Figure 11.18 Part of the way through creating a top constraint

Watch for the constraint handle to turn blue, then release the mouse to create the constraint
(Figure 11.19).

Figure 11.19 Creating a top constraint

Be careful to avoid dragging one of the square handles in the corner of the image view — this will resize
it instead. Also, make sure you do not inadvertently attach the constraint to one of your TextViews. If
you do, click the constraint handle to delete the bad constraint, then try again.

When you let go and set the constraint, the view will snap into position to account for the presence
of the new constraint. This is how you move views around in a ConstraintLayout — by setting and
removing constraints.
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Adding views

Verify that your ImageView has a top constraint connected to the top of the ConstraintLayout by
hovering over the top constraint handle with your mouse. You should see an animated box around
the constraint layout, with the top edge blue to show where the constraint handle is connected
(Figure 11.20).

Figure 11.20 ImageView with a top constraint

Do the same for the bottom constraint handle, dragging it from the ImageView to the bottom of the root
view (Figure 11.21), again taking care to avoid attaching it to the TextViews.

Figure 11.21 ImageView with top and bottom constraints

(The squiggly lines you see in the preview represent constraints that are stretching.)

Finally, drag the right constraint handle from the ImageView to the right side of the root view. That
should set all the constraints for the image view. Your constraints should look like Figure 11.22.

Figure 11.22 ImageView's three constraints
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ConstraintLayout’s inner workings

Any edits that you make to constraints with the layout editor are reflected in the XML behind the
scenes. You can still edit the raw ConstraintLayout XML, but the layout editor will often be easier
for adding the initial constraints. ConstraintLayout is more verbose than other ViewGroups, so adding
the initial constraints manually can be a lot of work. On the other hand, working directly with the XML
can be more useful when you need to make smaller changes to the layout.

Switch to the code view to see what happened to the XML when you created the three constraints on
your ImageView:

<androidx.constraintlayout.widget.ConstraintLayout
. >

<ImageView
android:id="@+id/imageView"
android: layout_width="wrap_content"
android: layout_height="wrap_content"
app: layout_constraintBottom_toBottomOf="parent"
app: layout_constraintEnd_toEndOf="parent"
app: layout_constraintTop_toTopOf="parent"
app:srcCompat="@drawable/ic_solved" />

</androidx.constraintlayout.widget.ConstraintLayout>

(You will still see errors related to the two TextViews. Do not worry — you will fix them shortly.)

All the views are direct children of the single ConstraintLayout — there are no nested layouts. If you
had created the same layout using LinearLayout, you would have had to nest one inside another. As
we said earlier, reducing nesting also reduces the time needed to render the layout, and that results in a
quicker, more seamless user experience.

Take a closer look at the top constraint on the ImageView:
app: layout_constraintTop_toTopOf="parent"

This attribute begins with layout_. All attributes that begin with layout_ are known as layout
parameters. Unlike other attributes, layout parameters are directions to that view’s parent, not the view
itself. They tell the parent layout how to arrange the child element within itself. You have seen a few
layout parameters so far, like layout_width and layout_height.

The name of the constraint is constraintTop. This means that this is the top constraint on your
ImageView.

Finally, the attribute ends with toTopOf="parent". This means that this constraint is connected to the
top edge of the parent. The parent here is the ConstraintLayout.

Whew, what a mouthful. Time to leave the raw XML behind and return to the layout editor.

(The layout editor’s tools are useful, especially with ConstraintLayout. But not everyone is a fan.
You do not have to choose sides — you can switch back and forth between the layout editor and directly
editing XML. After this chapter, use whatever approach you prefer to create the layouts in this book —
XML, layout editor, or some of each.)
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Editing properties

Your ImageView is almost positioned correctly. Since the parent view is larger than the image and the
image is centered vertically, it looks good on the vertical axis. However, the image is flush against the
right side of the parent view. This looks a little off.

With the image still selected in the preview, check out the attributes window to the right. Because you
added constraints to the top, bottom, and right of the ImageView, drop-down menus appear to allow
you to select the margin for each constraint (Figure 11.23). You do not need to add margins to the top
or bottom, but select 16dp for the right margin.

Figure 11.23 Adding a margin to the end of the ImageView

Notice that Android Studio offers you margin values in increments of 8dp. These values

follow Android’s material design guidelines. You can find all the Android design guidelines at
developer.android.com/design/index.html. Your Android apps should follow these guidelines as
closely as possible.
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With that taken care of, let’s move on to the text. Start with the position and size of the title TextView.

First, select Crime Date in the preview and drag it out of the way (Figure 11.24). Remember that any
changes you make to the position in the preview will not be represented when the app is running. At
runtime, only constraints remain.

Figure 11.24 Get out of here, date

Now, select crime_title in the component tree. This will also highlight Crime Title in the preview.

You want Crime Title to be at the top left of your layout, positioned to the left of your ImageView. That
requires three constraints:

* from the left side of your view to the left side of the parent
 from the top of your view to the top of the parent
 from the right of your view to the left side of the ImageView

Modify your layout so that all these constraints are in place (Figure 11.25). If a constraint does not
work as you expected, press Command-Z (Ctrl-Z) to undo and try again.

Figure 11.25 TextView constraints
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Now you are going to add margins to the constraints on your TextView. With Crime Title still selected
in the preview, check out the attributes window to the right. Because you added constraints to the top,
left, and right of the TextView, drop-down menus appear to allow you to select the margin for each
constraint (Figure 11.26). Select 16dp for the left and top margins and 8dp for the right margin.

Figure 11.26 Adding margins to the TextView

b TextView

Verify that your constraints look like Figure 11.27.

Figure 11.27 Title TextView's constraints
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Now that the constraints are set up, you can restore the width of the title TextView to its full glory.
Adjust its horizontal view setting to 0 dp (match constraint) to allow the TextView to fill all the space
available within its constraints. Make the vertical view setting wrap_content, if it is not already, so
that the TextView will be just tall enough to show the title of the crime. Verify that your settings match
those shown in Figure 11.28.

Figure 11.28 crime_title view settings

> Daclared Attributes + -

v Layout

Now, add constraints to the date TextView. Select crime_date in the component tree. Repeat the steps
from the title TextView to add three constraints:

» from the left side of your view to the left side of the parent, with a 16dp margin
¢ from the top of your view to the bottom of the crime title, with an 8dp margin

* from the right of your view to the left side of the ImageView, with an 8dp margin
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After adding the constraints, adjust the properties of the TextView. You want the width of your date
TextView to be match_constraint and the height to be wrap_content, just like the title TextView. Verify
that your settings match those shown in Figure 11.29.

Figure 11.29 crime_date view settings

Your layout in the preview should look similar to Figure 11.1, at the beginning of the chapter. Up close,
your preview should match Figure 11.30.

Figure 11.30 Final constraints up close

Switch to the code view in the editor tool window to review the XML resulting from the changes you
made in the layout editor. Red underlines no longer appear under the TextView tags. This is because
the TextView views are now adequately constrained, so the ConstraintLayout that contains them can
figure out where to properly position the views at runtime.
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Two yellow warning indicators remain related to the TextViews, and if you explore them you will

see that the warnings have to do with their hardcoded strings. These warnings would be important for
a production application, but for Criminallntent you can disregard them. (If you prefer, feel free to
follow the advice to extract the hardcoded text into string resources. This will resolve the warnings.)

Additionally, one warning remains on the ImageView, indicating that it does not have a content
description. For now, you can disregard this warning as well. You will address this issue when you
learn about accessibility in Chapter 19. In the meantime, your app will function, although the image
will not be accessible to users utilizing a screen reader.

Run Criminallntent and verify that you see all three components lined up nicely in each row of your
RecyclerView (Figure 11.31).

Figure 11.31 Now with three views per row

Criminallntent
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Making list items dynamic

Now that the layout includes the correct constraints, update the ImageView so that the handcuffs are
only shown on crimes that have been solved.

First, update the ID of your ImageView. When you added the ImageView to your ConstraintlLayout, it
was given a default name. That name is not very descriptive. In the design view, select your ImageView
and, in the attributes window, update the ID attribute to crime_solved (Figure 11.32).

Figure 11.32 Updating the image ID
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You will be asked whether Android Studio should update all usages of the ID; select Refactor. Next,
Android Studio will warn you that you are already using the ID crime_solved (Figure 11.33).

Figure 11.33 Reusing an ID
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