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To all the kids who don’t see themselves as having a place in  
Computer Science . . . Remember that your story is yet to be told!
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Introduction

When you think about computer science, what pops into your head? Someone 
crouched over a computer, typing code all night long? Someone in a room full 
of computers, messing around with wires? Someone solving long mathemati-
cal equations by writing a lot of hard- to- understand computer programs? Does 
that person look like you?

What if you thought about computer science in a different way— as a way to 
solve mysteries? Isn’t it more fun to think about yourself as an intrepid explorer, 
out to solve challenging puzzles by writing clever bits of software? Can you see 
yourself as the hero or heroine of a story, ready to slay the dragons of slow, 
buggy, hard- to- read software and make the world a little more pleasant by 
means of great user design and well- functioning programs?

In this book, you’ll be given the opportunity to become a helper— someone 
who is able to solve challenges by writing computer programs. Summoned by 
a mysterious figure who emerges from a forest and asks for your help, you are 
invited to participate in a series of tasks to make this forest a little safer and 
more hospitable for its native inhabitants.

Are you up to the task?



xvi

Computer Science Teachers Association Standards

This book is structured using the Computer Science Teachers Association 
standards for Grades 6–8, covering ages 11–14. These standards are avail-
able at https://csteachers.org. In general, they are arranged around 
five concepts:

■■ Algorithms & Programming
■■ Computing Systems
■■ Data & Analysis
■■ Impacts of Computing
■■ Networks & the Internet

The standards help shape the projects that are used to drive home general 
concepts of computer science. This is not a book about programming lan-
guages, however. Rather than diving deep into JavaScript and Python, we 
focus on the standards that teach general concepts of computer science. The 
projects in each chapter are designed to be part of an evolving story line, rather 
than teaching a language in depth. A good computer scientist will eventually 
become skilled in many programming languages, however, so it’s a good idea 
to pair this book with study of Python or JavaScript.

Although the book is structured to these standards, the content has not been 
reviewed, validated, or endorsed by CSTA.

Each chapter includes a story line, suggestions for angles to research, a “Think 
Like a Computer Scientist” section to introduce computer science concepts, a 
sketch of a project, a Project Recipe with detailed instructions on how to cre-
ate a project to illustrate the computer science concept, a vocabulary review, a 
final quiz to help emphasize concepts, and an assignment. All the projects can 
be built in a web browser using free and open source tools, so you won’t need 
any special installations or downloads to get started. This book can be used for 
self- study, as a textbook for homeschoolers, or in a classroom. Use it chapter 
by chapter, piece by piece, or section by section for a more modular learning 
experience.

https://csteachers.org
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What Does This Book Cover?

In the five sections of this book, you’ll discover many aspects of computer sci-
ence, presented as project- based stories:

Part I: The Missing Fireflies – Using Microsoft micro:bit in a browser emulator, 
create a home for runaway fireflies.

Chapter 1: The Trapper

Chapter 2: The Firefly Refuge

Chapter 3: The Fireflies’ Message

Chapter 4: A Home for All

Part II: The Glowing Moss – Save the endangered moss by building a gamified 
enclosure for them using Microsoft MakeCode.

Chapter 5: Goblins’ Gold

Chapter 6: Securing the Moss

Chapter 7: The Whisper Network

Chapter 8: A Well- Tested Solution

Part III: Geode Quest – Conserve the rare geodes hidden in the riverbed by 
using data science techniques to categorize the forest’s inventory of stones.

Chapter 9: Searching for Geodes

Chapter 10: Cleaning and Categorizing the Collection

Chapter 11: The Stone Library

Chapter 12: Hide or Seek
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Part IV: The Petrified Forest – Protect the fragile petrified wood in the forest 
grove by visualizing a 3D environment to simulate their preservation.

Chapter 13: The Petrified Forest

Chapter 14: The Butterfly Brigade

Chapter 15: Power of the Weak

Chapter 16: The Written Artifact

Part V: Legends of the Field Mice – Using Twine, a free tool to tell winding 
stories, help the field mice unlock the secret of their underground realm.

Chapter 17: The Field Mice

Chapter 18: Lights, Sounds, Action

Chapter 19: Unlocking the Vault

Chapter 20: The Real World

Additional Resources

This textbook is paired with a full website found at https://cs4kids.club. 
This website includes a kids’ section called Quests with links to completed 
sample projects on MakeCode, GitHub, and Twine. Worksheets can also be 
found that can be used to complete assignments. There’s also a teacher’s sec-
tion with full lesson plans, answers to quizzes, differentiated learning sugges-
tions, and more resources for each chapter’s topic.

Standards Map

Table I.1 includes a map of standards covered within this book along with the 
chapters where each appear.

https://cs4kids.club
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TABLE I.1 Standards mapping

Identifier Standard Chapter

2- CS- 01 Recommend improvements to the design of computing devices, 
based on an analysis of how users interact with the devices.

2

2- CS- 02 Design projects that combine hardware and software components 
to collect and exchange data.

1

2- CS- 03 Systematically identify and fix problems with computing devices 
and their components.

3

2- NI- 04 Model the role of protocols in transmitting data across networks 
and the Internet.

5

2- NI- 05 Explain how physical and digital security measures protect 
electronic information.

6

2- NI- 06 Apply multiple methods of encryption to model the secure 
transmission of information.

7

2- DA- 07 Represent data using multiple encoding schemes. 9
2- DA- 08 Collect data using computational tools and transform the data to 

make it more useful and reliable.
10

2- DA- 09 Refine computational models based on the data they have 
generated.

11

2- AP- 10 Use flowcharts and/or pseudocode to address complex problems 
as algorithms.

13

2- AP- 11 Create clearly named variables that represent different data types 
and perform operations on their values.

14

2- AP- 12 Design and iteratively develop programs that combine control 
structures, including nested loops and compound conditionals.

15

2- AP- 13 Decompose problems and subproblems into parts to facilitate the 
design, implementation, and review of programs.

17

2- AP- 14 Create procedures with parameters to organize code and make it 
easier to reuse.

18

2- AP- 15 Seek and incorporate feedback from team members and users to 
refine a solution that meets user needs.

19

2- AP- 16 Incorporate existing code, media, and libraries into original 
programs, and give attribution.

13

2- AP- 17 Systematically test and refine programs using a range of 
test cases.

8



xx

Identifier Standard Chapter

2- AP- 18 Distribute tasks and maintain a project timeline when 
collaboratively developing computational artifacts.

17, 18

2- AP- 19 Document programs in order to make them easier to follow, test, 
and debug.

16

2- IC- 20 Compare tradeoffs associated with computing technologies that 
affect people’s everyday activities and career options.

20

2- IC- 21 Discuss issues of bias and accessibility in the design of existing 
technologies.

4

2- IC- 22 Collaborate with many contributors through strategies such as 
crowdsourcing or surveys when creating a computational artifact.

17

2- IC- 23 Describe tradeoffs between allowing information to be public and 
keeping information private and secure.

12
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the Author
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Preface

It’s a steamy summer evening, and you struggle to concentrate on the pages of 
your math homework. The curtains hanging over your open window are com-
pletely motionless, as not a breath of air stirs the murky twilight. You gaze out 
into the gathering darkness, not thinking about anything other than whether 
you have the energy to walk downstairs to get another cool drink of water.  
Outside, the steady buzz- buzz- buzz of cicadas starts to thrum through the 
dusk, and as the darkness intensifies, you notice a pinpoint of light twinkling 
fitfully in the woods outside your house. Normally, you only visit the forest in 
the daytime, where you enjoy watching insects and animals go about their daily 
business. They always seem busy and happy, and you like observing their hab-
its with your handy binoculars and magnifying glass that help you watch both 
birds and tiny bugs.

Tonight, however, the forest is strangely dark, except for that feebly flickering 
light. Even though your room is too warm for comfort, you feel a cold shiver 
down your spine. What is that light? It doesn’t look like the fireflies that usu-
ally swirl merrily in the dark, flashing their gaudy yellow, white, and sometimes 
green luminescence. Tonight, the forest has faded to black. Have all the fireflies 
left? Are their glows concentrated in that one pinpoint of light? Giving up on 
trying to concentrate on your homework, you decide to investigate.

Rummaging through your drawer of handy tools, you grab your explorer kit 
containing a flashlight, some bug spray, a pad of paper and a pencil, and 
other random things such as a spare shoelace, an extra battery, and a stick 
of gum. Leaning cautiously out of your window, you shine your flashlight into 
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the blackness, but, as you noticed before, there is no friendly flicker of a firefly 
to twinkle and light up the night. Where have they gone? And why does that 
flickering light seem to be pulsing in a pattern now? Is it a code that you need 
to decipher?

You recognize the old Morse code signal: “S.O.S.” It stands for Save Our Ship, 
and it’s a distress signal! Three short flashes, three long flashes, three short 
flashes. Something is definitely wrong. It’s time to investigate.
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I

 

The Missing Fireflies
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The Trapper
Standard: 2- CS- 02: Understand how to design a project that combines 

hardware and software components that collect and work with data

Equipped with your explorer paraphernalia, you boldly walk toward the pulsing 
light. Crunching through underbrush, you watch as the light becomes brighter as 
you approach it. Soon, you see that it’s a lantern, held by . . . a cloaked figure.

You stop short as it turns to face you. Removing its hood, it is revealed to be a fig-
ure resembling a fox. Her eyes glow with a green luminescence and she raises her 
lantern. “Welcome, explorer,” she says quietly. “Are you here to help restore this 
sacred space, or are you yet another one who pillages, steals, and destroys?”

Assuring the figure of your good intentions, you ask how you can help. She 
responds, “I’m sure you noticed how dark the forest has become. I have come to 
seek help in restoring the fireflies to their rightful home. Are you up to the task?”

You’re quite sure that, given the right technology, you can create some kind of 
hardware system that will attract fireflies back to their home. You decide to build 
a firefly trapper gadget to make them return to the forest. Maybe, by creating 
a machine that mimics the flash patterns of different types of fireflies, you can 
attract the insects to the Trapper.

Note

Depending on where you’re from, you might call fireflies “lightning bugs.” 
They have many other names; in Jamaica they are called “blinkies” or 
“peenie wallies.” Their larvae are sometimes called “glow worms.”

1.
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Do Some Research
Can you build a firefly trap to capture fireflies and discover their secrets? Learn 
a bit about fireflies and their habits, as well as what attracts them, and you can 
design a firefly trapper using MakeCode’s micro:bit in the emulator or, if you 
have it, on a real device. Your task is to use your device emulator to simulate 
the flashing patterns of fireflies as they try to attract mates.

Note

MakeCode and micro:bit are free tools that we’ll be using in this sec-
tion to build device designs and games. MakeCode (https://arcade 
.makecode.com) has an “arcade” where you can develop simple 2D 
games, and micro:bit (https://makecode.microbit.org) helps you 
build hardware systems that sense, blink, and react to their surroundings. 
Micro:bit works both in the emulator, an online environment that simulates 
a real hardware device, and on its own hardware, which you can purchase 
online if you want. For this book, you aren’t required to buy micro:bits, but 
they are fun gadgets to own!

All the chapters in this book use tools that work in the browser. You can 
develop and save your work right in your web browser as long as you have 
an Internet connection. To preserve your work, you can download a copy 
from your online browser session, or, better yet, upload a copy to GitHub 
if you have an account there. GitHub is a place that allows you to store 
your work.

According to the National Park Service, different fireflies flash various colors 
and patterns, depending on their type. Can you copy the pattern shown in  
Figure 1.1 using a micro:bit to attract a firefly?

https://arcade.makecode.com
https://arcade.makecode.com
https://makecode.microbit.org
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Your research leads you to focus on the interplay between male and female fire-
flies. A particular species of firefly, Photinus brimleyi, has an interesting pattern 
of communication that you can try to copy:

■■ The males of this species flash yellow light at intervals of 10 seconds or longer.
■■ Females respond to the male’s light flash with a single flash from the 
forest floor.

You surmise that if two fireflies flash their lights at the same time, you can 
consider it a “match” and the attraction will succeed— at least, that is your 
hypothesis.

Sketch It Out
Draw a quick paper sketch of the elements you need to build your prototype. 
It’s a hardware project, but fortunately you don’t actually need hardware to 

Phausis reticulata
(“blue ghost”)

Photurus spp.
(“flash bulb”)

1 4 8

seconds

12

Photinus brimleyi

Photinus macdermotti

Photinus carolinus
(synchronous)

Photinus pyralis

FIGURE 1.1: The National Park Service’s comparison of flash patterns of 
fireflies in the Great Smoky Mountains Park
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accomplish it. This challenge will allow you to learn how to prototype, or make 
a model of, interesting software projects using blocks, visual representations of 
your software that snap together like puzzle pieces. You can do this in a web 
browser using MakeCode’s micro:bit emulator.

The micro:bit emulator also includes Python and JavaScript tabs if you want to 
jump right into writing code rather than using blocks. For this prototype, how-
ever, you can use blocks. Don’t worry if you don’t know Python or JavaScript 
for the projects in this book. These programming languages, which are used 
to build websites and work with data, are very useful to know but they are not 
covered in depth here. To dive deeper into these languages, you can use the 
many free online tools, such as FreeCodeCamp.org and Code.org.

Since you need to create a device that simulates the colored flashing lights of 
male and female fireflies, and the basic micro:bit device only has a few LED 
lights available as built- in lights and they can only flash red light, you need to 
add two “strips” of LEDs that will act like the fireflies.

Definition

Light- emitting diodes (LEDs) are a semiconductor light source that uses 
less power to emit light than a conventional incandescent bulb, and so are 
often used in low- power applications.

Draw a sketch of your device with two LED strips connected to the micro:bit 
and the score displayed on the built- in LED display. Your sketch might look 
something like Figure 1.2.

Your Challenge
Your job is to design a program that will:

■■ Reproduce a sequence of yellow male light flashes that appear every 
10 seconds

http://freecodecamp.org
http://code.org
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■■ Generate random flashes of white light to reproduce the female flash
■■ Create a system whereby if a female flash happens at the same time as a 
male flash, a “match” can be made (in your case, a point tallied)

With this plan, or software specification, in hand, you are ready to build a  
prototype of your firefly trapper using blocks, right in the MakeCode 
micro:bit emulator.

Think Like a  Computer Scientist: Design Your  
System
Your task is to design a project that combines hardware and software compo-
nents to collect and exchange information. What does that look like? Imagine 
you are designing a device that can collect the temperature from a sensor.

FIGURE 1.2: A sketch of how your device might look




