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Foreword

[ am a teacher, and my main interest is student learning and engagement. When [
teach coding by using Minecraft (my main use has been at Raspberry Jam events and
in the classroom to help teach coding in Python), my students are more engaged than
they are with other techniques I use. When the lesson plan instead takes us into the
areas of theory or other coding tasks, the students regularly say, ‘When can we code
with Minecraft again, sir?” Simply put, Minecraft lodges itself in the kids’ brains, and
the coding techniques take deeper root.

Minecraft has the power to engage students in ways that I have not seen before. The
simplicity of Minecraft has a universal appeal to all children, much in the same way that
building bricks do. When children are exposed to new skills with Minecraft as the vehi-
cle for teaching—in the classroom, library or makerspace environment—the appeal
still remains. Because students stay engaged and interested in learning new skills, using
Minecraft in the classroom is very rewarding, both for the instructor and the students.

I believe one reason Minecraft is effective as a teaching tool is because there is immedi-
ate visual feedback, whether it’s in the form of a house, 3D turtle shapes, an entire
town or an ISS tracker. After all, Minecraft is a sandbox, which means there are no
limitations to what you can achieve with Minecraft—even on the cut-down free
version on the Raspberry Pi.

The memories of what the students produce in Minecraft serve as excellent reference
material—this helps to signpost conceptual learning and becomes a great revision aid
for them. For example, [ regularly make reference to 2D arrays by reminding students
of one lesson where we created 32 x 32 random block walls.

In my school in North Warwickshire, UK we have 10 copies of Adventures in Minecraft,
and we use it to help students independently work on projects after introducing them
to simple worksheet-type activities. For example, we may complete a task, such as
dropping a rainbow when the player walks, and then the students may move on to use
the book independently to create a house or make a mini game. The beauty of the book
is that the adventures in the book can be picked up in segments or consumed all the
way through. You can remix them and take them in different directions. I have found
that most of the resources that I create myself start off with initial ideas or code that
stems from either David or Martin. This book inspires people of all ages to engage with
computer coding. In essence, it provides a platform from which teachers, parents and,
most importantly, children can build.

It would be naive to think that learning is confined to the classroom. Activities such as
CodeClub, Coderdojo and Raspberry Jams are engaging communities across the world
in coding with Minecraft. Families at home or individual students working alone are
also learning to code. This book is relevant in each of these scenarios.

FOREWORD
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I once heard Martin describe this book as learning by stealth’. I think that it is the crux
of it; you make cool stuff with code and along the way learn how to iterate, use file
handling, use conditionals and do much more. Students and children have fun and are
constantly challenged and engaged in solving problems while also learning to code.

In this new version of the book, Martin and David have added the BBC micro:bit
adventure, which brings in more physical computing. In the last couple of years, the
BBC micro:bit has helped bring computing to the hands of children across the world.
By adding the BBC micro:bit chapter, Martin and David have again helped to lower the
barriers for children, teachers and parents to let their imaginations take over.

I wish you the best of luck with your adventures in Minecraft!

—Chris Penn, IT/CS teacher, Nicholas Chamberlaine School, Warwickshire, UK
These other readers have great things to say about Adventures in Minecraft:

‘An absolute life saver! I use it daily, and David and Martin are amazing resources!’
—Bob, educator, United States

‘We use chapters from the book in our Year 8 Computer Science curriculum as well as
using it regularly at the Hull Raspberry Jam.’

—Jon, educator and Raspberry Jam organiser, Hull, UK

Tt's an AWESOME book full of exciting ways to introduce the principles of Python and
3D CAD.

—Frank, UK Raspberry Jam organiser, London, UK

Trecommend it to parents at every event I go to, even in China. It's where my coding
journey began!’

—Gemma, participatory artist, Manchester UK

‘Has been great for individual and paired challenges at Leeds Raspberry Jam, including
family activities. Inspired with signposts to more projects.’

—Claire, educator and Raspberry Jam organiser, Leeds, UK
‘Invaluable resource. The kids at Blackpool Raspberry Jam love it!’

—Les, educational trainer and Raspberry Jam organiser, Blackpool, UK
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Introduction

ARE YOU AN adventurer? Do you like to try new things and learn new skills? Are
you a huge fan of Minecraft? And would you like to push the boundaries of what you
can do in Minecraft by learning how to write computer programs (mods) that interact
with your game, and amaze your friends with your creativity and magic? If the answer
is a resounding “Yes!” then this is the book for you.

What Is Minecraft?

Minecraft is a sandbox indie game, where you build structures, collect items, mine
minerals and fight monsters in order to survive. It appears to you as a 3D virtual world
made of different types of blocks, each block having its own place inside the grid layout
of the 3D virtual world. Figure 1 shows an example of the Minecraft world.

In a sandbox game, you are a player inside a virtual world (a sandbox with very distant
edges, like a playpen filled with sand). Instead of being offered levels in a preset order,
you roam around the virtual world and make your own choices about what goals you
want to achieve and how to set about them. Because you are making your own choices
right from the start, sandbox games have limitless possibilities. You make up your own

FIGURE 1 The Minecraft world



stories and move through the 3D world, learning new skills and features by discover-
ing them by chance and experimentation.

In Minecraft, your player, or avatar, is called Steve. You direct Steve through the sand-
box virtual world to achieve whatever mission you decide. If you are successful in sur-
viving your first night against the monsters, you can follow your own enthralling
missions to interact with other participants of the game and build huge structures
limited only by your imagination.

A sandbox game allows you, the player, to make your own decisions about playing the
game, rather than being forced down a specific route by the game designers. You can
read more about this type of game design at http://en.wikipedia.org/wiki/
Open world. There is a little bit of mystery about why the player is called Steve, but
you can read more aboutitathttp: //minecraft.gamepedia.com/The Player.

Indie games are ‘independent video games’, created by individuals or small teams. They
are often developed without any funding or support from a games publisher. As a
result of their independent nature, indie games are often more innovative than other,
more mainstream games. According to Wikipedia, Minecraft was created by the
Swedish computer programmer Markus Persson, who is known by the gamer tag
‘Notch’. He first demonstrated Minecraft as an early version in 2009, and the first offi-
cial release of the game took place in 2011. Notch founded a Swedish company called
Mojang AB, which continues to develop the Minecraft game on many computer plat-
forms, including PC, Mac, Raspberry Pi, Linux, i0S, Android, Xbox 360, Playstation
and Wii.

You can find out more about the fascinating Minecraft story in a documentary film
called Minecraft: The Story of Mojang (http://en.wikipedia.org/wiki/
Minecraft: The Story of Mojang).

What Is Minecraft
Programming?

This is a book about computer programming—it uses Minecraft as a way to teach you
about computer programming. If you are looking for some helpful tips on how to build
structures and fight combat, there are some other great books on the market listed in
Appendix A that will help.

By programming Minecraft, you make your gaming experiences even more exciting,
creative, and individual. As you play the normal game, you follow the basic rules of the
Minecraft game as set out by the game designers. By writing programs that interact
with the Minecraft game world, you can make complex and repetitive tasks—like

ADVENTURES IN MINECRAFT
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building huge streets of houses and large structures—automatically. You can make the
game and the objects inside it behave in new ways, and you can invent new things that
even the original creators of the game didn't think of. But most of all, you will learn a
general skill—how to program using the Python programming language. You are then
able to apply this to all sorts of other things aside from Minecraft. Figure 2 shows a
huge street of houses that was built automatically by a short Python program.

FIGURE 2 A huge street of houses, built by a 20-line Python program

In a video about why all children should learn programming (www.youtube.com/
watch?v=nKIu9yensnc), William is quoted as saying ‘great coders are today’s rock
stars’. The new skills you learn while following the adventures in this book will make
your Minecraft experiences more personal, more creative, more ambitious. Your new
wizardry with programming will amaze your friends and fellow gamers and inspire
them to ask you what magic you used to achieve such amazing feats. The answer, of
course, is the magic of computer programming.

Who Should Read This Book?

Adventures in Minecraft is for any young person who loves playing Minecraft and would
like to learn to program and do more with it. The Adventures series of books is aimed
at readers in the age range 11-15, but some of the more challenging later adventures
might be appropriate for older readers too. The earlier chapters have also been tested
with readers as young as 8.

INTRODUCTION
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You might already be an expert in playing the game but find yourself getting frustrated
by the length of time it takes to build new structures. Or you might want to find ways
to extend the game by adding some additional intelligence and automation to the
world. Whatever your reasons, this book will be your guide for a journey through
Minecraft programming; and as every adventurer knows, your guidebook is the most
important item in your backpack. Your trek will take you from simple beginnings, such
as posting messages to the Minecraft chat, through learning the basics of program-
ming Minecraft using the Python programming language, to discovering how to use
your new computer programming skills to program your own exciting game inside
Minecraft. By the end of your adventures you will have learned the skills you need to
become a pioneer in Minecraft programming!

What You W1ill Learn

You will learn about many aspects of the Minecraft game and how to interact with
Minecraft features through the Python programming language. You will discover how
blocks are addressed in the 3D world using coordinates, how to sense the position of
your player, how to create and delete blocks in the Minecraft world, and how to sense
that a block has been hit by the player.

You will learn how to write programs in the Python programming language, from the
very beginnings of a Hello Minecraft World program to the creation of and interaction
with huge 3D objects that, thanks to your new Python programming skills, you can
stamp with your own personality. If you are using a PC or a Mac, you will also learn
how to set up and run your own local Minecraft server.

Using the free MinecraftStuff module of Python helper code, you will be able to enhance
your ability to create both 2D and 3D objects out of blocks, lines, polygons and text.

Your adventures will not be limited to the virtual world of Minecraft though! We will
introduce you to ways to connect Minecraft to other devices, such as the BBC micro:bit,
which makes it possible for your Minecraft world to be able to sense and control
objects in the real world. Thus, we give you a valuable secret: how to break out of the
boundaries of the virtual sandbox world!

Minecraft has two main modes of working: Survival mode and Creative mode.
You will be using Creative mode throughout this book. We won't be covering
Survival mode (mainly because it's extremely frustrating when a creeper kills
you just as you are watching your program running). There are many good books
already on the market that explain how to survive the night in Minecraft, and we
give links to those and other resources in Appendix A at the back of this book.
However, any programs you create in Creative mode also work in Survival mode.

ADVENTURES IN MINECRAFT



What We Assume You
Already Know

Because this is a book about programming with Minecraft and we want to focus on
learning the programming aspects of Minecraft, we have to assume a few things about
you the reader and what you already know:

1. You have a computer (a Raspberry Pi running Raspbian, a PC running Microsoft
Windows, or an Apple Mac running macOS X), which meets the minimum
requirements for running Minecraft and is already set up and working.

N

You have a basic understanding of how to use your computer, such as using a
keyboard and a mouse, using the menu system to start programs, and using
application menus like Filee> New=> Save.

3. You have a connection to the Internet, and you know how to use a web browser
to download files.

4. Ifyou are using a PC or a Mac, you already have a Minecraft user ID and a work-
ing copy of Minecraft installed.

5. You know how to play the Minecraft game, such as how to start it, how to move
around, how to choose items from the inventory, and how to create and delete
blocks in the world.

Because this is a book about programming Minecraft, we don’t assume you have any
prior knowledge about how to program. As you progress through your adventures, we
will lead you through the steps needed to learn programming.

What You Need for the Projects

We have written this book to work on three commonly available computers: a
Raspberry Pi running Raspbian, a PC running Microsoft Windows, and an Apple Mac
running macOS X. Minecraft is supported on other platforms too, such as a PC running
various flavours of Linux, but we don’t cover the set-up of those platforms in this

book.

To make the set-up of the various parts simpler, we have prepared three starter Kkits,
one for each of the supported computer platforms. You can download the correct
starter kit for your computer, and in your first adventure we provide step-by-step
instructions about how to download and install these and get everything working.
These starter kits include everything you need, except Minecraft itself. You'll be up and
running in no time!
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You need an Internet connection on your computer to download the starter kits.
Almost everything you need for the adventures is included in the starter kits. A few of
the adventures have special requirements and we note these at the start of the adven-
ture so you can get everything prepared before you start.

In Adventures 8 and 9, we show you how to link the Minecraft virtual world to the real
world. For this you need to buy a BBC micro:bit, which is a small, hand-held, program-
mable computer with a range of inputs and outputs that you can use with your
Minecraft games. We provide some links to where you can buy a BBC micro:bit in
Appendix A.

The most important things you need on this journey are your own excitement and
enthusiasm for Minecraft, and some curiosity and willingness to experiment with your
own ideas and push the boundaries of what you already know!

A Note for Parents
and Teachers

We have split this book into separate self-contained adventures that you can treat as
individual standalone projects, each of which focuses on one specific feature of
Minecraft programming. The Python language is introduced gradually and progres-
sively throughout each adventure; the early adventures are aimed chiefly at beginners,
with the later adventures becoming more challenging and introducing more Python,
stretching the reader a bit more.

Each adventure presents a practical project with step-by-step instructions (that read-
ers can tick off as they complete them), delivered in a descriptive style, very much like
a well-commented program listing. Detailed explanations appear in Digging into the
Code sidebars that students can read later, meaning that they are not distracted from
the progress of typing in and trying the programs.

Each adventure will probably take more than one session to complete, but they are all
split into sections, with subheadings at logical points that could be used to provide a
goal for an individual lesson, or an activity to be stretched over a number of sessions.

The Python language uses indents on the left side of the program to represent code
structure, and it is a case-sensitive language. Extra guidance from an adult may be use-
ful sometimes with very young readers, to make sure they are being careful to use case
and indents correctly, thus avoiding the possibility of them introducing errors into
their programs. All of the programs are downloadable from the companion website, so
if you have problems with indentation you can check our versions of the programs to
see where you might have gone wrong.
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This second edition follows the same highly successful style and content as the first
edition, with some minor improvements, bug fixes, and one replacement adventure:

* The downloadable starter kits have been slightly simplified. All coordinates on
PC, Mac, and Raspberry Pi are now consistently reported to the Python program
as absolute coordinates—that is, real coordinates inside Minecraft (rather than
them being relative to the spawn point, as was previously the case). This makes
the maths associated with locating objects in Minecraft much easier for children
to comprehend, at the expense of it sometimes reporting some large numbers.
Coordinates reported on screen now match coordinates reported by the Python
programs you write.

¢ To bring the book up to date and in -line with what is commonly used in schools,
all programs are now written in the latest version of Python 3, and we recom-
mend in Adventure 1 that this is what readers download. The only difference
you might spot in our programs is the use of input () rather than raw
input () (Python 3 works slightly differently to Python 2 in this respect).

¢ The Adventure 5 from the previous edition has been replaced with an entirely
new adventure where readers use a BBC micro:bit as a programmable Minecraft
game controller. The new adventure has been moved later into the book (to
Adventure 8) to allow the addition of some larger projects using the BBC
micro:bit with Minecraft. The BBC micro:bit is available mostly worldwide from
many resellers including some retail outlets that sell them directly off the shelf.
It offers a very affordable entry into the world of physical computing that can be
used alongside Minecraft; it is also a completely programmable computer in its
own right, and we hope that you will also explore the many features that it offers
as a standalone computing platform.

* Martin’s free Minecraftstuff module has been updated to simplify some fea-
tures, and this has cut down the amount of typing required to enter the pro-
grams in Adventures 6, 7 and 9, as well as making it possible to include a new
feature: the Minecraft Turtle! This is a fully controllable block within Minecraft
that can move in three dimensions and enables readers to draw complex shapes
very quickly. It is also well aligned with teaching curriculums, which regularly
introduce programming concepts using a programmable turtle.

Every chapter of the book is a separate adventure, teaching you new skills and con-
cepts as you program and test the projects. The book is organised so that each adven-
ture is a standalone project, but you might find it easier to work through them in
order, as we build up your understanding of the programming concepts gradually
throughout the book.
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It is vital that you do Adventure 1 before doing anything else. This is because it shows
you how to download and install everything you need, and to check that it all works
properly. We introduce some basic steps in this adventure that you need to know how
to do in all the other adventures, but will give you some reminders in the earlier adven-
tures as you get started.

The first three adventures are written for beginners who have little or no programming
knowledge, and we explain all the jargon and concepts as you work through them. In
Adventures 2, 3 and 4, you cover the key parts of any good Minecraft game. These
include sensing things that happen in the Minecraft world, doing some calculations with
some simple maths, and making your programs behave differently, for example by dis-
playing a message on the chat or automatically creating blocks in the world. You will
use these three concepts of sensing, calculating, and behaving throughout the book to
build bigger and more exciting Minecraft programs!

Adventures 5 and 6 build on what you learned in the earlier adventures by introducing
slightly bigger programs that are developed and tested in stages. Adventure 5 looks at
ways you can bring in large amounts of data from data files to save and duplicate large
structures with a 3D ‘duplicating machine’.

Adventures 6 and 7 introduce the free Minecraftstuff module, which makes it pos-
sible to use blocks to build lines, circles and other 2D shapes, and also some fantastic
3D spheres and pyramids. These can form the beginnings of huge structures that
would be very hard to build by hand. Adventure 7 shows how you can add personalities
to moving objects to give them their own intelligence. With these techniques, you can
write some exciting ‘games inside a game’ that will amaze your friends.

Adventure 8 introduces the exciting topic of physical computing, and if you want to do
this optional adventure you will need to purchase a BBC micro:bit (links to resellers are
provided in Appendix A). By connecting a BBC micro:bit to your computer you can use
a range of input and output devices on the micro:bit to control and interact with your
Minecraft games; the BBC micro:bit becomes a programmable game controller for
Minecraft.

Adventure 9 draws on all the programming concepts and skills from the earlier adven-
tures to create one final big project—an awesome game with scoring, and moving
objects that you have to avoid or carry around with you. In this adventure, you also
have the option to experiment again with the BBC micro:bit, allowing you to do things
in the game by pressing buttons in the real world.

Appendix A suggests a whole range of resources that you can use to extend and enhance
your adventures, learn more about programming in Python and create even more
awesome Minecraft programs based on what you have learnt throughout this book.
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In Appendix B we have included a comprehensive reference guide to the programming
features used throughout the book, along with a reference to the programming state-
ments that are specific to Minecraft, and a table of block types that you can build with.
You'll find this is an invaluable reference section to help with all your own projects and
inventions as well!

The glossary provides a handy quick reference to all the jargon and terminology we
have introduced throughout the book, and is a collection of all definitions from each
adventure.

The Companion Website

Throughout this book you'll find references to the Adventures in Minecraft companion
website at www.wiley.com/go/adventuresinminecraft2e. The website is
where you'll find the starter kits you will need to start programming in Minecraft,
together with a collection of video tutorials we have put together to help you if you get
stuck. You can find code files for some of the bigger projects on the website.

Appendix B contains a handy reference. Keep it by your side as you work through these
Minecraft adventures. You can also use it in any programming projects you embark on
in the future.

Other Sources of Help

Computers are complex devices, and operating systems and software are changing all
the time. We have tried to protect you and your adventures from future changes as
much as possible by providing a downloadable starter kit in Adventure 1 that should
give you most of what you need. However, if you run into problems or need specific
help, here are some useful places to go:

Sign up for a user ID and downloading and installing Minecraft: http://
minecraft.net

Play the Minecraft game: http: //minecraft.gamepedia.com/Minecraft
Wiki

Raspberry Pi: www. raspberrypi.org

Microsoft Windows: http://support .microsoft . com

Apple Mac and macOS X: www . apple . com/support

The Python language: www . python.org

The IDLE programming IDE: https://docs.python.org/3/library/
idle.html
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Minecraft Pi edition: http://pi.minecraft.net

Minecraft server: www. spigotme.org/

RaspberryJuice ~ bukkit  plug-in:  http://dev.bukkit.org/bukkit-
plugins/raspberryjuice

Conventions

You'll notice that there are special boxes throughout this book, to guide and support
you. Here is what they look like:

DEFM“%
{% These boxes explain concepts or terms you might not be familiar with.
78]

These boxes give you hints to make your computer-programming life easier.

Wi
9% These boxes contain important warnings to keep you and your computer safe
) when completing a step or a project.
@‘(\N—A’{‘f@o

These boxes feature quick quizzes for you to test your understanding or make
you think more about a topic.

SSNA
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These boxes allow us to explain things or give you extra information we think you'll
find useful.

These boxes point you to videos on the companion website that will take you
through the tasks, step by step.

You will also find two sets of sidebars in the book. Challenge sidebars give you extra
tasks you can accept if you want to take the project a bit further, perhaps by making
changes or adding new features. Digging into the Code sidebars explains in a bit more
detail some concept or feature of the program, to give you a better understanding of
the programming language Python. These sidebars mean you can focus on getting the
programs working first, and then read in more detail about how they work and ways
you can extend them further once they are working.

When you are following our steps or instructions using code, you should type the code
in exactly as we have described it in the instructions. Python is a language where the
amount of space at the start of the line (the indent) is important to the meaning of
the program, so take extra special care to make sure you put enough spaces at the left
of each line. We have coloured the code listing boxes for you so that it makes it easier
to see how much each line needs to be indented. Don’t worry too much about it—we
explain indenting in the early adventures when you first need to use it.

Sometimes you need to type a very long line of code, longer than will fit on a single line
in this book. If you see <> at the end of a line of code, it means that line and the follow-
ing line are part of a single line of code, so you should type them as one line, not sepa-
rate lines. For example, the following code should be typed on one line, not two:

print ("Welcome to Adventures in Minecraft by <
Martin O'Hanlon and David Whale")

If you are viewing this book on an e-reader, to make sure that the programs you
type in are correctly laid out, please reduce your e-reader font size. This is so that
the program listings are not unnecessarily wrapped around the page margins, and
to prevent errors being introduced into your programs.
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Most adventures include a Quick Reference Table at the end to sum up the main pro-
gramming statements or concepts. You can refer to these guides when you need a
refresher. There is also a reference section in Appendix B, which shows you the most
important programming statements for Minecraft and Python. We hope you will find
this handy to refer to as you progress through your adventures.

Whenever you complete an adventure, you unlock an achievement and collect a
new badge. You can collect the badges to represent these achievements from the
Adventures in Minecraft companion website (www.wiley.com/go/adventuresin

minecraft2e).

Reaching Out

In Appendix A you will find ways to take your Minecraft programming knowledge fur-
ther, with lists of websites, organisations, videos and other resources. Many of these
resources include forums where you can ask questions or get in touch with other
Minecraft programmers.

You can also contact the authors and get help from other readers on the Adventures
in  Minecraft forum at www.stuffaboutcode.com/p/adventures-in-

minecraft.html.

Time to start your adventures!
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