


Coding

2nd Edition

by Camille McCue, PhD



Coding For Kids For Dummies®, 2nd Edition
Published by: John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030-5774, www.wiley.com

Copyright © 2019 by John Wiley & Sons, Inc., Hoboken, New Jersey

Published simultaneously in Canada

No part of this publication may be reproduced, stored in a retrieval system or transmitted in  
any form or by any means, electronic, mechanical, photocopying, recording, scanning or  
otherwise, except as  permitted under Sections 107 or 108 of the 1976 United States Copyright 
Act, without the prior written permission of the Publisher. Requests to the Publisher for  
permission should be addressed to the Permissions Department, John Wiley & Sons, Inc., 
ȩȩȩɯmÏĢºĄ�qđĄººđɊ�6ó«óÞºêɊ�SE�ȨȯȨȫȨɊ�ɞȪȨȩɟ�ȯȬȰɢȮȨȩȩɊ�Ä�Ĩ�ɞȪȨȩɟ�ȯȬȰɢȮȨȨȰɊ�óĄ�óêáÏêº��đ� 
http://www.wiley.com/go/permissions.

Trademarks: Wiley, For Dummies, the Dummies Man logo, Dummies.com, Making Everything 
"�ĈÏºĄɊ��ê³ɯĄºá�đº³�đĄ�³º�³ĄºĈĈ��Ąº�đĄ�³ºè�ĄÞĈ�óĄ�ĄºÆÏĈđºĄº³�đĄ�³ºè�ĄÞĈ�óÄ�EóÌê��Ïáºĩ�ʩ�qóêĈɊ�
Inc. and may not be used without written permission. All other trademarks are the property of 
their respective owners. John Wiley & Sons, Inc. is not associated with any product or vendor 
mentioned in this book.

For general information on our other products and services, please contact our Customer Care 
Department within the U.S. at 877-762-2974, outside the U.S. at 317-572-3993, or fax 317-572- 
4002. For technical support, please visit https://hub.wiley.com/community/support/dummies.

Wiley publishes in a variety of print and electronic formats and by print-on-demand. Some 
material included with standard print versions of this book may not be included in e-books or 
in print-on-demand. If this book refers to media such as a CD or DVD that is not included in the 
version you purchased, you may download this material at http://booksupport.wiley.com. For 
more information about Wiley products, visit www.wiley.com.

Library of Congress Control Number: 2019934591

9q�S�ȱȯȰɢȩɢȩȩȱɢȭȭȭȩȮɢȪ�ɞĀ«Þɟɕ�9q�S�ȱȯȰɢȩɢȩȩȱɢȭȭȭȩȱɢȫ�ɞº«Þɟɕ�9q�S�ȱȯȰɢȩɢȩȩȱɢȭȭȭȪȪɢȫ�ɞº«Þɟ

Manufactured in the United States of America

10   9   8   7   6   5   4   3   2   1

LIMIT OF LIABILITY/DISCLAIMER OF WARRANTY: THE PUBLISHER AND THE AUTHOR 
MAKE NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE ACCURACY OR 
COMPLETENESS OF THE CONTENTS OF THIS WORK AND SPECIFICALLY DISCLAIM ALL 
WARRANTIES, INCLUDING WITHOUT LIMITATION WARRANTIES OF FITNESS FOR A 
g�kx9�~I�k� g~kg\o"Ɍɫ S\���kk�Sx��Q��� �"� �k"�x"�� \k� "�x"S�"�� ��� o�I"o� \k�
gk\Q\x9\S�I�Q�x"k9�IoɌɫx6"����9�"��S��oxk�x".9"o��\Sx�9S"��6"k"9S�Q���S\x�
�"�o~9x��I"�,\k�"�"k��o9x~�x9\SɌɫx69o��\kG�9o�o\I���9x6�x6"�~S�"kox�S�9S.�
THAT THE PUBLISHER IS NOT ENGAGED IN RENDERING LEGAL, ACCOUNTING, OR OTHER 
gk\,"oo9\S�I�o"k�9�"oɌɫ9,�gk\,"oo9\S�I��oo9ox�S�"�9o�k"j~9k"�Ɇ�x6"�o"k�9�"o�\,�
���\Qg"x"Sx�gk\,"oo9\S�I�g"ko\S�o6\~I���"�o\~.6xɌɫS"9x6"k�x6"�g~�I9o6"k�
S\k�x6"��~x6\k�o6�II��"�I9��I"�,\k���Q�."o��k9o9S.�6"k",k\QɌɫx6"�,��x�x6�x�
AN ORGANIZATION OR WEBSITE IS REFERRED TO IN THIS WORK AS A CITATION AND/OR 
A POTENTIAL SOURCE OF FURTHER INFORMATION DOES NOT MEAN THAT THE AUTHOR 
OR THE PUBLISHER ENDORSES THE INFORMATION THE ORGANIZATION OR WEBSITE MAY 
gk\�9�"�\k�k"�\QQ"S��x9\So�9x�Q���Q�G"Ɍɫ,~kx6"kɆ�k"��"ko�o6\~I���"����k"�
x6�x�9Sx"kS"x��"�o9x"o�I9ox"��9S�x69o��\kG�Q���6��"��6�S."��\k��9o�gg"�k"��
BETWEEN WHEN THIS WORK WAS WRITTEN AND WHEN IT IS READ.



Table of Contents
Introduction ........................................................... 1

About This Book ..................................................................................1
Foolish Assumptions .......................................................................... 2
Icons Used in This Book .................................................................... 3
Beyond the Book .................................................................................4
Where to Go from Here ......................................................................4

3DUWb���*HWWLQJ�6WDUWHG .......................................... 5

&KDSWHU����:KDW�ΖV�&RGLQJ" . . . . . . . . . . . . . . . . . . . . . . . . . 7
What Languages Will I Use? ..............................................................8
What Does a Computer Program Look Like? ...................................9
A Hello World! Example ....................................................................10
Recipe for a Program ........................................................................ 11
Planning a Program ..........................................................................13
Prepping Yourself to Code ................................................................15
�ó³ÏêÆ��óóá�qđėĵ .............................................................................. 16

&KDSWHU����:RUNLQJ�ZLWK�3URJUDPPLQJ� 
/DQJXDJHV�DQG�Ζ'(V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

Basic IDE Setup and Navigation ...................................................... 19
Adding Hardware.............................................................................. 33
Getting Fancier with User Interfaces .............................................36

&KDSWHU����:KHQ�7KLQJV�*R�:URQJ. . . . . . . . . . . . . . . . . . 40
Syntax Errors .....................................................................................41
Logic Errors.......................................................................................42
Debugging Scratch Programs ..........................................................43
Debugging App Lab Programs ........................................................45
Debugging MakeCode Programs .....................................................49
Commenting Out Code when Debugging ........................................51



iv Coding For Kids For Dummies  

3DUWb���6RXQGV��&RORU��5DQGRP�6XUSULVHV ......... 53

&KDSWHU����2UFKHVWUD. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
Brainstorm ........................................................................................56
Sidebar: Event-driven programming .............................................56
Start a New Project ........................................................................... 57
Add a Backdrop .................................................................................58
Add Instrument Sprites ...................................................................59
Add a Singer Sprite and Modify Its Costume ................................. 61
Code Each Instrument to Play a Sound ..........................................63
Sidebar: Parallel processing ............................................................67
Save, Test, and Debug Your Program .............................................67
Share Your Program with the World ..............................................68
Enhance Your Toy ............................................................................68

&KDSWHU����)ROH\�6RXQG�*HQHUDWRU . . . . . . . . . . . . . . . . . . 69
Brainstorm ........................................................................................69
Sidebar: User Interfaces ...................................................................70
Start a New Project ............................................................................71
Add a Background ............................................................................ 72
Add Sound and Stop Sounds Buttons ............................................. 75
Code the Sound Buttons to Play ......................................................78
Code the Stop Sounds Button to Stop Sounds ...............................80
Save, Test, and Debug Your App .....................................................82
Share Your App with the World ......................................................82
Enhance Your App ............................................................................82

&KDSWHU����/XFN\�1XPEHUV . . . . . . . . . . . . . . . . . . . . . . . . 83
Brainstorm ........................................................................................84
Start a New Project ...........................................................................85
Code Button A ...................................................................................85
Sidebar: Coding Randomness ..........................................................87
Code Button B ...................................................................................87
Save, Test, and Debug Your Program .............................................89
Transfer Your Program to the micro:bit ........................................89
Share Your Program with the World ..............................................90
Enhance Your Toy ............................................................................90

&KDSWHU����0RQGULDQ�$UW�7R\ . . . . . . . . . . . . . . . . . . . . . . . 91
Brainstorm ........................................................................................92
Start a New Project ...........................................................................92
Add a Background Color ..................................................................93
Sidebar: RGBA Color .........................................................................95
Add a Title Label ...............................................................................96
Add Fill and Clear Buttons ...............................................................97
Code a Canvas and Paintbrush ........................................................99
Code to Draw a Rectangle ............................................................... 101



v  Table of Contents

Code to Fill Rectangles with Color ................................................ 102
Code a Clear Button to Erase a Painting .......................................103
Save, Test, and Debug Your App ................................................... 105
Share Your App with the World .................................................... 105
Enhance Your App .......................................................................... 106

3DUWb���0RYLQJ�IURP�+HUH�WR�7KHUH�� 
$JDLQ�DQG�$JDLQ ................................................. 107

&KDSWHU����(PRML�([SORVLRQ . . . . . . . . . . . . . . . . . . . . . . . 109
Brainstorm .......................................................................................110
Start a New Project .......................................................................... 110
Add a Backdrop ................................................................................110
Add an Emoji Sprite .........................................................................111
Code the Stage to Play a Sound ...................................................... 113
Code the Green Flag for the Emoji Sprite ..................................... 115
Sidebar: Cloning and Inheritance ..................................................116
Code the makeEmojis Block ............................................................. 118
Code when I start as a clone for the Emoji Sprite ..................... 119
Code the explode Block for the Emoji Clones .............................. 121
Save, Test, and Debug Your Program ............................................123
Share Your Program with the World ............................................ 124
Enhance Your Animated Scene ..................................................... 124
Sidebar: Setting Position ............................................................... 124
Sidebar: Setting Direction ..............................................................127
Sidebar: Moving .............................................................................. 129
Sidebar: Simple Repeat Loops ........................................................130
Sidebar: New Blocks (aka Functions) ............................................ 131

&KDSWHU����6PHOHSKDQW . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
Brainstorm .......................................................................................134
Start a New Project ..........................................................................134
Add a Backdrop ................................................................................134
Add a Smelephant Sprite ................................................................135
Sidebar: Rotation Style in Scratch .................................................137
Code the Green Flag Code of the Smelephant ..............................138
Code the Smelephant’s Up Arrow Key Control .............................139
Sidebar: Animating Shapes ............................................................ 141
Code Arrow Keys for Moving the Smelephant Down,  

Left, and Right ............................................................................. 144
Add a Flower Sprite ........................................................................ 145
Code the Green Flag for the Flower Sprite ....................................147
Code the makeFlowers Block .......................................................... 148
Code when I start as a clone for the Flower Sprite .................. 150
Code the getSmelled Block for the Flower Clones ....................... 151
Add a Monkey Sprite .......................................................................153



vi Coding For Kids For Dummies  

Code the Green Flag for the Monkey ............................................ 154
Code the chase Block ......................................................................155
Save, Test, and Debug Your Program ............................................158
Share Your Program with the World .............................................158
Enhance Your Animated Scene ......................................................158
Sidebar: Key Control ...................................................................... 159
Sidebar: Collisions .......................................................................... 160
Sidebar: Show and Hide ................................................................. 162

3DUWb���9DULDEOHV��6LPSOH�&RQGLWLRQDOV�� 
DQG�Ζ�2 ................................................................ 163

&KDSWHU�����0DVFRW�*UHHWHU. . . . . . . . . . . . . . . . . . . . . . . 165
Brainstorm ...................................................................................... 166
Start a New Project ......................................................................... 166
Sidebar: Inputs and Outputs (I/O) ................................................ 167
Add a Backdrop ............................................................................... 168
Add a Mascot Sprite ....................................................................... 168
Add Text-to-Speech Commands .................................................. 169
Sidebar: Strings and String Operations .........................................170
Code the Mascot Sprite to Greet .................................................... 171
Save, Test, and Debug Your Program ............................................173
Share Your Program with the World .............................................173
Enhance Your Program ...................................................................173

&KDSWHU�����:HLUG�7H[W�0HVVDJH . . . . . . . . . . . . . . . . . . 174
Brainstorm .......................................................................................175
Start a New Project ..........................................................................175
Name the Input Screen for the App .............................................. 176
Add a Background Color to the Input Screen .............................. 176
Add an Instruction Label ................................................................177
Add Category Labels and Text Input Fields ..................................178
Add a Button to Trigger the Action ............................................... 181
Add and Name an Output Screen ...................................................183
Add a Message Image to the Output Screen .................................183
Add a Message Label to the Output Screen ...................................185
Code the App ................................................................................... 186
Save, Test, and Debug Your App ................................................... 188
Share Your App with the World .................................................... 189
Enhance Your App .......................................................................... 189
Sidebar: Dilbert’s Jargonator ........................................................ 190
Sidebar: ELIZA, the Turing Test, and AI .......................................191



vii  Table of Contents

&KDSWHU�����9RWH�0DFKLQH . . . . . . . . . . . . . . . . . . . . . . . . 192
Brainstorm .......................................................................................193
Start a New Project ..........................................................................193
Rename the Screen ......................................................................... 194
Add a Title Label to the App .......................................................... 194
Add Images for the Candidates ..................................................... 195
Add Labels for Each Candidate ...................................................... 197
Code Variables for the First Candidate ......................................... 198
Code the First Candidate to Register a Vote ................................ 199
Sidebar: Working with Number Variables ...................................200
Code Variables for the Remaining Candidates ............................204
Sidebar: Changing and Incrementing Variable Values ...............205
Code Remaining Candidates to Register Votes ............................206
Save, Test, and Debug Your App ...................................................207
Share Your App with the World ....................................................208
Enhance Your App ..........................................................................208

&KDSWHU�����+DSS\�1HZ�<HDU� . . . . . . . . . . . . . . . . . . . . . 209
Brainstorm ...................................................................................... 210
Start a New Project ......................................................................... 210
Add a Backdrop ................................................................................ 211
Add a Glittery Ball ........................................................................... 211
Code the Ball to Drop ......................................................................213
Create a Countdown Variable ........................................................ 214
Sidebar: Google Language Translation .........................................217
Add Text-to-Speech and Translate Commands ..........................217
Add a Cheer Sound to the Ball Sprite............................................ 218
Code the Countdown Clock ............................................................ 219
Sidebar: Decrementing a Variable .................................................221
Save, Test, and Debug Your Program ........................................... 223
Sidebar: Simple Conditionals and Booleans ................................ 223
Share Your Program with the World ............................................224
Enhance Your Toy ..........................................................................224

&KDSWHU�����/LJKW�7KHUHPLQ . . . . . . . . . . . . . . . . . . . . . . . 225
Brainstorm ......................................................................................226
Start a New Project ......................................................................... 227
Code the First Sound Conditional .................................................228
Code More Sound Conditionals ......................................................231
Sidebar: Advanced Conditionals.................................................... 232
Save, Test, and Debug Your Program ...........................................236
Sidebar: IoT and Sensors in Circuits ............................................236
Transfer Your Program to the micro:bit ...................................... 237
Share Your Program with the World ............................................238
Enhance Your Toy ..........................................................................238



viii Coding For Kids For Dummies  

3DUWb���/LVWV��/RRSV��DQG�/RJLF .......................... 239

&KDSWHU�����0DJLF���%DOO . . . . . . . . . . . . . . . . . . . . . . . . . . 241
Brainstorm ......................................................................................242
Start a New Project .........................................................................242
Code on start ................................................................................243
Sidebar: Simple Lists (Arrays) ......................................................245
Code on shake ................................................................................246
Save, Test, and Debug Your Program ...........................................248
Transfer Your Program to the micro:bit ......................................249
Share Your Program with the World ............................................249
Enhance Your Toy ..........................................................................249
Sidebar: eToys .................................................................................250

&KDSWHU�����6RFN�6RUW . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252
Brainstorm ...................................................................................... 253
Start a New Project ......................................................................... 253
Add a Backdrop ...............................................................................254
Add Red and White Sock Sprites ................................................... 255
Add Mixed, Red, and White Lists ..................................................256
Code the Green Flag (Create List) .................................................258
Code the clearLists Block ............................................................263
Code the Sorting Process ...............................................................264
Save, Test, and Debug Your Program ...........................................268
Share Your Program with the World ............................................268
Enhance Your Program ..................................................................268
Sidebar: Sorting Algorithms ..........................................................269

&KDSWHU�����(YLO�2OLYH . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272
Brainstorm ...................................................................................... 273
Start a New Project ......................................................................... 273
Add a Background Image to the Screen ....................................... 273
Add an Instruction Label ...............................................................274
Add a Text Input Field ...................................................................276
Create and Add Evil Olive to the Screen ....................................... 277
Add a Message Label to the Screen ...............................................278
Code the App ...................................................................................279
Save, Test, and Debug Your App ...................................................282
Share Your App with the World ....................................................283
Enhance Your App ..........................................................................283
Sidebar: For Loops ..........................................................................284
Sidebar: Searching Algorithms .....................................................285



L[  Table of Contents

&KDSWHU�����6XVKL�0DWFKXS . . . . . . . . . . . . . . . . . . . . . . . 286
Brainstorm ......................................................................................287
Start a New Project .........................................................................288
Draw a Toy Interface on the Backdrop .........................................288
Add a Button Sprite ........................................................................292
Add Reels Sprites ............................................................................293
Add a Status Sprite .........................................................................296
Code the Button to Trigger the Spin.............................................299
Create wear Variables .....................................................................302
Add Sounds .....................................................................................304
Code the Reels to Spin ...................................................................306
Code the checkMatch Block ............................................................309
Code the status Sprite ....................................................................314
Save, Test, and Debug Your Program ............................................315
Share Your Program with the World .............................................315
Enhance Your Program ...................................................................316
Sidebar: Broadcasting .....................................................................316
Sidebar: Logical Operators .............................................................317

3DUWb���2QZDUGV�DQG�8SZDUGV ......................... 319

&KDSWHU�����&UHDWLQJ�DQG�6KDULQJ. . . . . . . . . . . . . . . . . . 321
Programming Your Own Ideas ...................................................... 322
Sharing and Showcasing Your Work ............................................ 325

&KDSWHU�����:KHUH�WR�*R�IURP�+HUH. . . . . . . . . . . . . . . . 336
Upping Your Game ......................................................................... 337
Next Steps .......................................................................................340

ΖQGH[ ................................................................... 343



Introduction
So you want to learn to codeɯɠ��ģºĈóèºɌ�
Codingɯɠ�ģĄÏđÏêÆ�óèĀėđºĄ�ĀĄóÆĄ�èĈɯɠ�Ì�Ĉ�Ĉóèº-
đÌÏêÆ�ÄóĄ�ºĢºĄĩóêºɉ�Ąº�đÏĢÏđĩɊ�áóÆÏɊ��ĄđɊ�è�đÌɊ�Ĉđó-
ĄĩđºááÏêÆɊ�³ºĈÏÆêɊ��ê³�ĀĄó«áºè�ĈóáĢÏêÆɐ�,Ąóè�Æ�èºĈ�
�ê³�ĈÏèėá�đÏóêĈ�đó�ÌºáĀÄėá�đóóáĈ��ê³�ºáºđĄóêÏ�Æ�³-
ÆºđĈɊ�đÌÏĈ�«óóÞ�ó�ÌºĈ�ĩóė�ĈđºĀ�«ĩ�ĈđºĀ�đÌĄóėÆÌ�
ó³ÏêÆ�real programs�Ïê�real programming languages 
đÌ�đ�ĩóė��ê�ĈÌ�Ąº�ģÏđÌ�Ä�èÏáĩ��ê³�ÄĄÏºê³Ĉɐ

About This Book
Q�êĩ�ÞÏ³Ĉ�ģ�êđ�đó�áº�Ąê�đó�ó³ºɊ�«ėđ�êóđ�ºĢºĄĩ�ÞÏ³�
Ì�Ĉ�óèĀėđºĄ�ĀĄóÆĄ�èèÏêÆ�á�ĈĈºĈ��đ�ĈÌóóá�óĄ�
�ɯ�èĀ�Ìº�óĄ�ĈÌº��ê��đđºê³�³ėĄÏêÆ�đÌº�ĈėèèºĄɐ�
zÌ�đɭĈ�ģÌºĄº�đÌÏĈ�«óóÞ�óèºĈ�ÏêɌ

Coding for Kids For Dummies�ģÏáá�ÌºáĀ�ĩóė�áº�Ąê��áá�óÄ�
đÌº�«�ĈÏ�ó³ÏêÆ�Ï³º�Ĉ��ê³�ĈÞÏááĈ�ėĈº³�«ĩ�Ąº�á�óè-
ĀėđºĄ�ĀĄóÆĄ�èèºĄĈɐ�"ĢºĄĩđÌÏêÆ�ĩóė�³ó�ÌºĄº�ģÏáá�«º�
ėĈºÄėá�Ïê�áº�ĄêÏêÆ�êºģ�ĈÞÏááĈ��ê³�èóĄº��³Ģ�êº³�
ĀĄóÆĄ�èèÏêÆ�á�êÆė�ÆºĈ�Ïê�đÌº�ÄėđėĄºɐ��ºĈđ�óÄ��ááɊ�
đÌº�đóóáĈ�Ïê�đÌÏĈ�Ĉºóê³�º³ÏđÏóê��Ąº�ÄĄººɊ��Ģ�Ïá�«áº�
óêáÏêºɊ��ê³�º�ĈĩɢđóɢėĈºɐ

zÌÏĈ�º³ÏđÏóê�óÄ�đÌº�«óóÞ�óĢºĄĈ�đÌº�ÄóááóģÏêÆɉ

 ✓ ScratchɊ���áº�ĄêÏêÆ�á�êÆė�Æº�³ºĢºáóĀº³��đ�Q9z�
đÌ�đ�Ì�Ĉ�ĄÏĈºê�Ïê�ĀĄºĢ�áºêº�đó�đÌº�ĀóÏêđ�ģÌºĄº�Ïđ�
ÏĈ��ĄÆė�«áĩ�đÌº�èóĈđ�ĀóĀėá�Ą�ÞÏ³�ĀĄóÆĄ�èÏêÆ�
á�êÆė�Æº��Ģ�Ïá�«áºɐ��Ĉ�ĈėÌɊ�đÌÏĈ�«óóÞ�Äº�đėĄºĈ�
êėèºĄóėĈ�ĀĄóÛºđĈ�Ïê�đÌº�èóĈđ�Ąººêđ�ĢºĄĈÏóê�óÄ�
qĄ�đÌɯɠ�qĄ�đÌ�ȫɐȨɐ�qĄ�đÌ�ÏĈ���«áóÞɢ«�Ĉº³�
á�êÆė�Æº�đÌ�đ�óÄÄºĄĈ�êºģ�ó³ºĄĈ��ê�º�Ĉĩ�ºêđĄĩ�
Ïêđó�óèĀėđºĄ��ĀĄóÆĄ�èèÏêÆɐ��ê³�ÏđɭĈ�ÄėêɌ
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 ✓ JavaScript,�ģÌÏÌ�ÏĈ�ėĈº³�Ïê�ºĢºĄĩđÌÏêÆ�ÄĄóè��ĀĀĈ�đó�ģº«-
ĈÏđºĈ�đó�ºáºđĄóêÏĈɐ�Sºģ�ĀĄóÆĄ�èèÏêÆ�ºêĢÏĄóêèºêđĈ�Ì�Ģº�
è�³º�E�Ģ�qĄÏĀđ�èóĄº��ºĈĈÏ«áº�đÌ�ê�ºĢºĄ�đÌĄóėÆÌ�ÏêđºĄ-
Ä�ºĈ�đÌ�đ��ááóģ�ĩóė�đó�ĈģÏđÌ�«ºđģººê�«áóÞɢ«�Ĉº³��ê³�
đºĨđɢ«�Ĉº³�ÄóĄè�đĈɐ��óė��ê�«ºÆÏê�áº�ĄêÏêÆ�Ïê�«áóÞɢ«�Ĉº³�
èó³º�ɞ�Ĉ�Ïê�qĄ�đÌɟɊ��ê³�đÌºê�đĄ�êĈÏđÏóê�đó�đºĨđɢ«�Ĉº³�
èó³º��Ĉ�ĩóė�«ėÏá³�ĈÞÏááĈ��ê³�óêÄÏ³ºêº�Ïê�ó³ÏêÆɐ�9ê�đÌÏĈ�
«óóÞɊ�E�Ģ�qĄÏĀđ�ĀĄóÛºđĈ��Ąº�ĀĄºĈºêđº³�đÌĄóėÆÌ�đģó�³ÏÄÄºĄ-
ºêđ�ĢºÌÏáºĈ�ɞóÄÄÏÏ�ááĩ��ááº³�IDEsɯɠ�ÏêđºÆĄ�đº³�³ºĢºáóĀèºêđ�
ºêĢÏĄóêèºêđĈɟɉ��ó³ºɐóĄÆɭĈ��ĀĀ�I�«Ɋ�ÄóĄ�«ėÏá³ÏêÆ�èó«Ïáº�
³ºĢÏº��ĀĀĈɊ��ê³�Q�Þº�ó³ºɊ�ÄóĄ�ó³ÏêÆ�ÏêĈđĄėđÏóêĈ�đó�óĀºĄ-
�đº���Ĉè�áá�ºáºđĄóêÏĈ�«ó�Ą³��ááº³���èÏĄóɉ«Ïđɐ

 ✓ Fundamental computer programming concepts,�ģÌÏÌ��ĀĀáĩ�
đó�«óđÌ�đÌº�ĀĄóÛºđĈ�Ïê�đÌÏĈ�«óóÞ��ê³��³³ÏđÏóê�á�ó³ÏêÆ�ɞ�ê³Ɋ�
èóĄº�ÆºêºĄ�ááĩɊ�óèĀėđºĄ�ĈÏºêºɟ�ģóĄÞ�ĩóė�èÏÆÌđ�ĀėĄĈėº�Ïê�
đÌº�ÄėđėĄºɐ

�³³ÏđÏóê�ááĩɊ�ÆĄ�ĀÌÏ�³ºĈÏÆê��ê³��êÏè�đÏóê��Ąº�ÏêĄº³Ï«áĩ�
ÏèĀóĄđ�êđ�ĈÞÏááĈ�đÌ�đ�Æó�Ì�ê³ɢÏêɢÌ�ê³�ģÏđÌ�ó³ÏêÆ�đó�Ąº�đº�
ÆĄº�đɢáóóÞÏêÆ��ê³�º�Ĉĩɢđóɢėê³ºĄĈđ�ê³�³ÏÆÏđ�á�đóóáĈɐ��áđÌóėÆÌ�
đÌÏĈ�«óóÞ�ĀĄóĢÏ³ºĈ���áÏđđáº�«Ïđ�óÄ�ÆėÏ³�êº�Ïê�đÌºĈº��Ąº�ĈɊ�đÌº�
è�Ïê�ÄóėĈ�óÄ�đÌº�óêđºêđ�Ïê�đÌºĈº�Ā�ÆºĈ�ÏĈ�ó³ÏêÆɐ

Foolish Assumptions
6ºááó�ĀºĄĈóê�«ėĩÏêÆ�đÌÏĈ�«óóÞ��ê³�Ąº�³ÏêÆ�đÌÏĈ�ÏêđĄóɌ�9��ĈĈėèº�
ĩóė��Ąº���ÞÏ³�ģÌó�ģ�êđĈ�đó�áº�Ąê�đó�ó³ºɐ��ģºĈóèºɌ��óė��Ąº�
Ĉđ�ĄđÏêÆ�óê��ê��³ĢºêđėĄº�đÌ�đ�ģÏáá�đ�Þº�ĩóė�ÄĄóè�«ºÏêÆ���ėĈºĄ�óÄ�
đºÌêóáóÆĩ�đó�«ºÏêÆ���è�ÞºĄ�óÄ�đºÌêóáóÆĩɐ��ê³�ÏđɭĈ���áóđ�º�ĈÏºĄ�
đÌ�ê�ĩóė�èÏÆÌđ�đÌÏêÞɐ

6ºĄº��Ąº���Äºģ�óđÌºĄ��ĈĈėèĀđÏóêĈ�9�è�Þº��«óėđ�ĩóė�ɞóĄ�ĩóėĄ�
đºÌêóáóÆĩɟ��Ĉ�ĩóė�Æºđ�Ĉđ�Ąđº³ɉ

 ✓ �óė��Ąº�óèÄóĄđ�«áº�đĩĀÏêÆ�óê���đ�«áºđ�óĄ���óèĀėđºĄ��ê³�
ėĈÏêÆ���èóėĈº�óĄ�đóėÌĀ�³ɐ��óėĄ�ºĨĀºĄÏºêº��ê�«º�ºÏđÌºĄ�óê�
���Ïê³óģĈ�óĄ�Q��ĈĩĈđºè�«º�ėĈº�ÏêĈđĄėđÏóêĈ�ÄóĄ�ó³ÏêÆ�
º�Ì�ĀĄóÛºđ��Ąº�Āá�đÄóĄèɢÏê³ºĀºê³ºêđɐ
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 ✓ �óė�Ì�Ģº��ê�9êđºĄêºđ�óêêºđÏóê��ê³�Þêóģ�Ìóģ�đó�óĀºê���
ģº«�«ĄóģĈºĄ�đó��ºĈĈ�ģº«ĈÏđºĈɐ

 ✓ ,óĄ�Ąº�³ºĄĈ�ÌóóĈÏêÆ�đó�ėĈº�đÌº�èÏĄóɉ«Ïđ�ºáºđĄóêÏĈ�«ó�Ą³Ɋ�
ĩóė�Ì�Ģº����q��ĀóĄđ�óê�ĩóėĄ�óèĀėđºĄ�ɞĢÏ��ģÌÏÌ�ĩóėɭáá�óê-
êºđ�đÌº�èÏĄóɉ«Ïđɟɐ

 ✓ �óėɭĢº�Āá�ĩº³�ģÏđÌ���Äºģ��ĀĀĈɊ�ģº«ĈÏđºĈɊ�óĄ�Æ�èºĈ�óê���
óèĀėđºĄɊ�Ĉó�ĩóė�Ì�Ģº�Ĉóèº�Ï³º��ĄºÆ�Ą³ÏêÆ�Ìóģ�ėĈºĄ�ÏêđºĄ-
Ä�ºĈ�ɞ�9ɟ�áóóÞ��ê³�Ìóģ�ĀºóĀáº�ÏêđºĄ�đ�ģÏđÌ����óèĀėđºĄ�ĢÏ��
đÌº��9ɐ

 ✓ �óėɭĄº�óèÄóĄđ�«áº�ģÏđÌ�«�ĈÏ�è�đÌɊ�è�đÌ�óĀºĄ�đÏóêĈ�ĈėÌ��Ĉ�
�³³ÏêÆ�ģÌóáº�êėè«ºĄĈɊ��ê³�áóÆÏ�á�óĀºĄ�đÏóêĈ�ĈėÌ��Ĉ�óè-
Ā�ĄÏêÆ�đģó�ģÌóáº�êėè«ºĄĈɐ�9�ÏêđĄó³ėº��áÆº«Ą�Ï�Ģ�ĄÏ�«áºĈ�Ïê�
đÌÏĈ�«óóÞɊ�«ėđ�ĩóė�³óêɭđ�êºº³�đó�Ì�Ģº��êĩ�ĀĄÏóĄ�Þêóģáº³Æº�óÄ�
Ģ�ĄÏ�«áºĈɐ

I�ĈđáĩɊ�ÏÄ�ĩóė�ĈđĄėÆÆáº�ģÏđÌ�ĈĀºááÏêÆ��ê³�Āėêđė�đÏóêɯɠ��ê³�
ĩóėɭĄº�óĀºĄ�đÏêÆ�Ïê�đºĨđɢ«�Ĉº³�èó³ºɯɠ�ĩóė�è�ĩ�êºº³�đó�ĈĀºê³�
ºĨđĄ��đÏèº�đĄóė«áºĈÌóóđÏêÆ�ĩóėĄ�ó³º�ÄóĄ�èÏĈĈĀºááÏêÆĈɐ�zÌº�9�"�
ÄóĄ���ĀĄóÆĄ�èèÏêÆ�á�êÆė�Æº��ê�ÆÏĢº�ĩóė�áėºĈ��«óėđ�ģÌÏÌ�
óèè�ê³Ĉ�Ïđ�³óºĈêɭđ�ėê³ºĄĈđ�ê³Ɋ�«ėđ�ĩóė�ģÏáá�êºº³�đó�Ā�ĩ�ĈĀº-
Ï�á��đđºêđÏóê�đó�đÌº�³ºđ�ÏáĈɐ

Icons Used in This Book
�Ĉ�ĩóė�ģóĄÞ�đÌĄóėÆÌ�đÌº�ĀĄóÛºđĈ�Ïê�đÌÏĈ�«óóÞɊ�ĩóėɭáá�Ĉºº�ÄóėĄ�
ÏóêĈɐ�zÌºĈº�ÏóêĈ�ĀóÏêđ�óėđ�³ÏÄÄºĄºêđ�đÌÏêÆĈɐ

zÌº�zÏĀ�Ïóê�ÆÏĢºĈ�ĩóė���đÏĀ�đÌ�đ�ĩóė��ê�ėĈº�đó�è�Þº�ĩóėĄ�ģóĄÞ�
º�ĈÏºĄɐ��óėɭáá�Ĉºº�Ĉóèº�đÏĀĈ�óĢºĄ��ê³�óĢºĄ��Æ�Ïêɐ

zÌº�mºèºè«ºĄ�Ïóê�ÌºáĀĈ�ĩóė�Ąºèºè«ºĄ��ê³�óêêºđ�đÌº�ó³ÏêÆ�
óêºĀđĈ��ê³�ĈÞÏááĈ�ĩóėɭĄº�ģóĄÞÏêÆ�óê�ģÏđÌ�đÌº�«ÏÆ�Ï³º�Ĉ�óÄ�
ó³ÏêÆɌ

zÌº���ĄêÏêÆ�Ïóê�đºááĈ�ĩóė�đó�ģ�đÌ�óėđɌ�9đ�è�ĄÞĈ�ÏèĀóĄđ�êđ�
ÏêÄóĄè�đÏóê�đÌ�đ�è�ĩ�Ĉ�Ģº�ĩóė�Ìº�³�ÌºĈɐ
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zÌº�zºÌêÏ�á�qđėÄÄ�Ïóê�áºđĈ�ĩóė�Þêóģ�èóĄº��«óėđ�đÌº�êėđĈ��ê³�
«óáđĈ�óÄ�đºÌêÏ�á�³ºđ�ÏáĈ��ê³�Ì�Ą³ģ�Ąº�ÌºáĀɐ

Beyond the Book
\ê�đÌº��ėèèÏºĈɐóè�ģº«ĈÏđºɊ�9�ÆÏĢº�ĩóė�Ĉóèº�ºĨđĄ���Æóó³ÏºĈ�
đÌ�đ�ĩóė�ģóêɭđ�ÄÏê³�Ïê�đÌÏĈ�«óóÞɐ�.ó�óêáÏêº�đó�www.dummies.com/
cheatsheet/codingforkids�ÄóĄ���Ìº�đ�ĈÌººđɯóÄ�ó³ÏêÆ�óè-
è�ê³Ĉ�Ïê�qĄ�đÌ��ê³�E�Ģ�qĄÏĀđɐ�ɞ�óė��ê��áĈó�đĩĀº�Coding for 
Kids cheat sheet�Ïê�đÌº�Ĉº�ĄÌ�«�Ą��đ�www.dummies.comɐɟ�
�óģêáó�³�đÌº�ÏêÄóĄè�đÏóêɊ�ĀĄÏêđ�ÏđɊ��ê³�ÞººĀ�Ïđ�ģÏđÌ�ĩóėĄ�
óèĀėđºĄɌ

Where to Go from Here
�óė��ê�ģóĄÞ�óê�đÌº�ĀĄóÛºđĈ�Ïê�óĄ³ºĄɊ�óĄ�ĩóė��ê�ÛėèĀ��Ąóėê³�
�ê³�ģóĄÞ�óê��êĩ�ĀĄóÛºđ�ĩóė�ÌóóĈºɐ��ÄđºĄ�ĩóė�Æ�Ïê���áÏđđáº�ºĨĀº-
ĄÏºêº�ó³ÏêÆɊ�ĩóė��ê�Æó�Ïê���«�įÏááÏóê�êºģ�³ÏĄºđÏóêĈɐ�Iº�Ąê�
èóĄº��³Ģ�êº³�óêºĀđĈ�Ïê�qĄ�đÌ��ê³�E�Ģ�qĄÏĀđɐ�Q�Þº�ėĀ�ĩóėĄ�
óģê�ĀĄóÛºđĈɐ��óĄÞ�óê�áº�ĄêÏêÆ�èóĄº��³Ģ�êº³�ĀĄóÆĄ�èèÏêÆ�
á�êÆė�ÆºĈɐ

9�ÌóĀº�đÌÏĈ�«óóÞ�ÏêĈĀÏĄºĈ�ĩóė�đó�óêđÏêėº�áº�ĄêÏêÆ�èóĄº��«óėđ�
ó³ÏêÆ��ê³�è�ÞÏêÆ�đÌÏêÆĈ�ģÏđÌ�đºÌɐ�Gė³óĈ�óê�đ�ÞÏêÆ�đÌº�ÄÏĄĈđ�
ĈđºĀɌ�Sóģ�Æó�Æºđ�Ĉđ�Ąđº³Ɍ
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CHAPTER

3
Programming is a picky enterprise. A program will 
often contain errors, and you have to fix them before the pro-
gram will run just right. Whether you’re just starting out in 
ó³ÏêÆ�óĄ�ĩóėɭĢº�«ººê�ĀĄóÆĄ�èèÏêÆ�ÄóĄ���ģÌÏáºɊ�ĩóėɯɠ�áÏÞº�
ºĢºĄĩóêº�ºáĈºɯɠ�ģÏáá�è�Þº�èÏĈđ�ÞºĈ�ģÌºê�ģĄÏđÏêÆ�ó³ºɐ��Ĉ���
ó³ºĄɊ�ĩóėɭáá�ĈĀºê³���áóđ�óÄ�đÏèº�ÄÏĨÏêÆ�đÌº�èÏĈđ�ÞºĈɊ�óĄ�bugs, 
in your programs. (They’re called bugs because one of the 
ɩèÏĈđ�ÞºĈɪ�Ïê�đÌº�º�Ąáĩ�³�ĩĈ�óÄ�óèĀėđÏêÆ�ģ�Ĉ��ê��đė�á�«ėÆ�
in the computer’s electronic circuitry!)

When Things 
*Rb:URQJ

https://upload.wikimedia.org/wikipedia/commons/8/8a/H96566k.jpg
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,ÏĨÏêÆ�èÏĈđ�ÞºĈ�Ïê�ĩóėĄ�ó³º�ÏĈ��ááº³�debuggingɯɠ�áÏđºĄ�ááĩɊ�
�ÆºđđÏêÆ�đÌº�«ėÆĈ�óėđ�óÄ�ĩóėĄ�ó³ºɐ�zÌÏêÞ�óÄ�ĩóėĄ�ĀĄóÆĄ�è�áÏÞº�
�êɯºĈĈ�ĩ�ĩóė�ģĄÏđº�Ïê�"êÆáÏĈÌ�á�ĈĈ�óĄ���á�«�ĄºĀóĄđ�ĩóė�ģĄÏđº�Ïê�
 science class. In each written document, you must get the form 
�ê³�óêđºêđ�ĄÏÆÌđ�ÄóĄ�đÌº�³óėèºêđ�đó�è�Þº�ĈºêĈº��ê³�đºáá�ÏđĈ�
story successfully.

When you write and run your code, you must also get the form and 
content correct; if you don’t, the code will encounter errors. When 
the bug is due to the code’s form, you get a syntax error. When the 
bug is the result of the code’s behavior, you get a ÞïÄÍ«ɢ¸ÿÿïÿɄ

Testing your program means running it to see if it operates the 
way you want it to. In this chapter, you discover some ways that 
syntax and logic errors pop up when you test your programs. 
You also learn some strategies for debugging your code in 
qĄ�đÌ��ê³�E�Ģ�qĄÏĀđ�ɞėĈÏêÆ�«óđÌ��ĀĀ�I�«��ê³�Q�Þº�ó³ºɟɐ�
mºèºè«ºĄɊ�Ì�áÄ�óÄ�ó³ÏêÆ�ÏĈ�ģĄÏđÏêÆ�đÌº�ó³ºɯɠ��ê³�đÌº�óđÌºĄ�
half is debugging it!

Syntax Errors
The form, or syntax, of what you code consists of the structure, 
the commands, the grammar, and the punctuation of your pro-
gram. Here’s what each of those pieces means:

 ✓ The structure of your program is its overall layout. For exam-
ple, an essay is often structured using five paragraphs: an 
introductory paragraph, three content paragraphs, and a 
closing paragraph. In a Scratch program, code is structured 
to go with the object that executes it. For example, a butter-
Äáĩ�ĈĀĄÏđº�Ì�Ĉ�ó³º�đÌ�đ�è�ÞºĈ�Ïđ�ÄáĩɊ��ê³���èóêÞºĩ�ĈĀĄÏđº�Ì�Ĉ�
ó³º�đÌ�đ�è�ÞºĈ�Ïđ�«óėêº��Ąóėê³ɐ�9ê���E�Ģ�qĄÏĀđ�ĀĄóÆĄ�èɊ�
code is structured to feature global variables at the top, then 
the main program, and then function definitions.

 ✓ The commands�Ïê�ĩóėĄ�ĀĄóÆĄ�è��Ąº�áÏÞº�đÌº�Ģó�«ėá�Ąĩ�Ïê��ê�
ºĈĈ�ĩɐ��óèè�ê³ĈɊ�áÏÞº�Ģó�«ėá�ĄĩɊ�Ì�Ģº�ĈĀºÏÄÏ�èº�êÏêÆ�
and must be spelled correctly. You can write new commands 
(and use any spelling you want), but you must define what 
these new vocabulary words mean in your program.
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 ✓ The grammar of your program is similar to the grammar 
ĩóėɯėĈº�ģÌºê�ģĄÏđÏêÆ�ĈºêđºêºĈ�Ïê��êĩ�á�êÆė�Æºɐ�9ê�"êÆáÏĈÌɊ�
ĩóė�Ĉ�ĩ�ɩ9ɭè�êóđ�ÌėêÆĄĩɊɪ�êóđ�ɩ9��Ïêɭđ�ÌėêÆĄĩɪ��ê³�êóđ�
ɩ6ėêÆĄĩ�êóđ�9ɭèɐɪ�9ê�đÌº�Ĉ�èº�ģ�ĩɊ�ģÌºê�ó³ÏêÆ�Ïê�qĄ�đÌɊ�
the proper grammar is repeat 10 play sound boom, not 
repeat 10 boom sounds. Grammar requires that you use 
 certain words together and that you order those words in a 
specific way.

 ✓ The punctuation�óÄ�ĩóėĄ�ĀĄóÆĄ�è�áóóÞĈ���áóđ�áÏÞº�đÌº�Āėêđė�-
tion in an essay. You must put the periods, commas, and 
ĈºèÏóáóêĈ�Ïê�đÌº�óĄĄºđ�Āá�ºĈ�ÄóĄ�ĩóėĄ�ó³º�đó�ģóĄÞɐ�zÌº�
punctuation of your code also includes some of the symbols 
you use when writing math equations, such as greater than 
and less than signs, plus and minus signs, equals signs, 
Ā�ĄºêđÌºĈºĈɊ�«Ą�ÞºđĈɊ��ê³�ėĄáĩ�«Ą�ºĈɐ

�Ìºê�ó³ÏêÆ�ģÏđÌ�«áóÞĈɊ�ÏđɭĈ��áèóĈđ�ÏèĀóĈĈÏ«áº�đó�è�Þº�Ĉĩêđ�Ĩ�
ºĄĄóĄĈɐ��áóÞɢ«�Ĉº³�ó³ÏêÆ�ĄºăėÏĄºĈ��áèóĈđ�êó�đĩĀÏêÆɊ��ê³�đÌº�
«áóÞĈ�ÄÏđ�đóÆºđÌºĄ�Ïê�ĈĀºÏÄÏ�ģ�ĩĈɐ�ɞ9ê�Ä�đɊ�đÌº�ĀóÏêđ�óÄ�ó³ÏêÆ�
ģÏđÌ�«áóÞĈ�ÏĈ�đÌ�đ�Ïđ�ÌºáĀĈ�«ºÆÏêêºĄĈ��ĢóÏ³�Ĉĩêđ�Ĩ�ºĄĄóĄĈɐɟ��Ìºê�
coding in text-based mode, you type everything into the pro-
gram. You can easily misspell commands and forget to end a 
line of code with a semicolon. Any error in syntax will be 
reported to you, either as you type or when you try to run your 
code. You have to fix errors to execute your program correctly.

Many programming languages, such as Java, require you to 
compile your program before you can run it. Compiling�ÏĈ�áÏÞº�
ÌºÞÏêÆ�ĩóėĄ�ó³º�ÄóĄ�ó«ĢÏóėĈ�ºĄĄóĄĈɐ�9Ä�ĩóė�Ì�Ģº�Ĉĩêđ�Ĩ�ºĄĄóĄĈɊ�
they are reported to you when you try to compile. Bugs must be 
fixed to get a successful compilation, after which you can then 
run your program.

Logic Errors
The logic of your program is the behavior that results when you 
run your code. You can easily get the syntax of a program cor-
Ąºđ�«ėđ�è�Þº�èÏĈđ�ÞºĈ�Ïê�đÌº�áóÆÏ�óÄ�đÌº�ó³ºɐ�,óĄ�ºĨ�èĀáºɊ�ÏÄ�
the game score goes down each time a hero defeats an enemy, 
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you may have coded a score variable to decrease, not increase. 
The code runs because the syntax is correct, but the program 
doesn’t do what you want it to do.

�ÌºđÌºĄ�ó³ÏêÆ�ģÏđÌ�«áóÞĈ�óĄ�ó³ÏêÆ�Ïê���đºĨđɢ«�Ĉº³�èó³ºɊ�ĩóė�
�ê�º�ĈÏáĩ�è�Þº�áóÆÏ�ºĄĄóĄĈɐ��óė�ĀĄó«�«áĩ�ģóêɭđ�êóđÏº�áóÆÏ�
errors until you run your code. At that point, you need to figure 
out what is going wrong, and then find the part of your code 
đÌ�đ�óêđĄóáĈ�đÌº�«ºÌ�ĢÏóĄ�đÌ�đ�ÏĈ�êóđ�ģóĄÞÏêÆ�óĄĄºđáĩɐ�
qóèºđÏèºĈ�đĄ�ÞÏêÆ�³óģê���áóÆÏ�ºĄĄóĄ�ÏĈ�º�ĈĩɊ�«ėđ�óđÌºĄ�đÏèºĈ�
it’s challenging!

Debugging Scratch Programs
qĄ�đÌ�ÌºáĀĈ�ĀĄºĢºêđ�ĩóė�ÄĄóè�è�ÞÏêÆ�Ĉĩêđ�Ĩ�ºĄĄóĄĈ�«º�ėĈº�
you don’t type the commands. Instead, you drag command 
«áóÞĈ�Ïêđó�đÌº��ó³º�ģóĄÞĈĀ�ºɐ��óė�³óêɭđ�Ì�Ģº�đó�ģóĄĄĩ��«óėđ�
misspelling a command or forgetting to add a semicolon 
«º�ėĈº�qĄ�đÌ�ĀĄºĢºêđĈ�ĩóė�ÄĄóè�è�ÞÏêÆ�đÌºĈº�đĩĀºĈ�óÄ�
errors. Instead of typing a premade element such as a variable 
name, for example, you select it from a drop-down list, as 
shown in Figure 3-1.

)LJXUH����b



44 Part 1: Getting Started  

�Ìºê�ó³ÏêÆ�Ïê�qĄ�đÌɊ�ĩóėɭĄº�áÏÞºáĩ�đó�è�Þº�èÏĈđ�ÞºĈ�Ïê�đÌº�
áóÆÏ�óÄ�ĩóėĄ�ĀĄóÆĄ�èɐ�zÌºĈº�èÏĈđ�ÞºĈ�ĈÌóģ�ėĀ�ģÌºê�ĩóė�Ąėê�
your program, so they are also called runtime errors. To fix this 
type of error, you try to pinpoint the place where something is 
going wrong in the execution of your program. Then you change 
the code to correct your error (or errors).

Here are some ways to locate and fix runtime errors in Scratch:

 ✓ Focus on one sprite at a time.�9Ä���ĈĀĄÏđº�ÏĈ�ģóĄÞÏêÆ�ĀĄóĀºĄáĩɊ�
èóĢº�óê�đó�đÌº�êºĨđ�ĈĀĄÏđº��ê³�ÌºÞ�ÏđĈ�óĀºĄ�đÏóêɐ�ɞ9ê�è�êĩ�
projects, you also write code for the stage, and you can use 
đÌÏĈ�èºđÌó³�đó�ÌºÞ�đÌº�Ĉđ�Æº��Ĉ�ģºááɐɟ

 ✓ When you identify a sprite with a runtime error, run the 
program several times to see how the sprite is behaving. 
zĄĩɯđó�ÄÏÆėĄº�óėđ�ºĨ�đáĩ�ģÌ�đ�đÌº�ĈĀĄÏđº�ÏĈ�³óÏêÆ�ģĄóêÆ��ê³�
when that behavior occurs.

 ✓ Look carefully at the code for the sprite with the runtime 
error. Step through the code one command at a time. 
Separate some of the code (remove it temporarily by drag-
ging it to the side, away from the event command). Then 
�³³�ĈºđÏóêĈ�óÄ�ĩóėĄ�ó³º�«�Þ�ÏêɊ�óêº�óĄ�đģó�óèè�ê³Ĉ��đ���
time, and test the operation of the sprite after each addition. 
You should be able to identify where the error is occurring. 
At this point, correcting the error is usually easy.

Figure 3-2 shows an example of a logic, or runtime, error in 
Scratch. I want my butterfly to fly towards the left of the screen, 
«ėđ�Ïđ�ÏĈ�ÄáĩÏêÆ�đóģ�Ą³Ĉ�đÌº�ĄÏÆÌđɐ�9�đÌÏêÞ�đó�èĩĈºáÄɊ�ɩ6èèèɊ�èĩ�
butterfly is flying, and he’s flying at the speed I want. But he’s 
ÆóÏêÆ�đÌº�ģĄóêÆ�ģ�ĩɐ�Q�ĩ«º�9�Ĉºđ�èĩ�³ÏĄºđÏóê�ÏêóĄĄºđáĩɐɪ

qó�9�áóóÞ��đ�đÌº�Ā�Ąđ�óÄ�èĩ�ó³º�đÌ�đ�Ąºá�đºĈ�đó�³ÏĄºđÏóêɐ�9�Ĉºº�đÌ�đ�
I have set the direction to positive 90, pointing the butterfly to 
the right. I should have set the direction to negative 90 (by typing 
-90), pointing the butterfly to the left.
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Debugging App Lab Programs
�Ĉ�ĩóė�ĀĄóÆĄ�è�Ïê�E�Ģ�qĄÏĀđ�ėĈÏêÆ��ĀĀ�I�«Ɋ�ĩóė�ģÏáá�áÏÞºáĩ�ĀĄó-
³ėº�Ĉóèº�ºĄĄóĄĈ�Ïê�ĩóėĄ�ó³ºɐ�QÏĈđ�ÞºĈ�Ïê�đÌº�Ĉĩêđ�Ĩ�óÄ�ĩóėĄ�
code must be fixed before you can run the program.

In App Lab, syntax errors are displayed as yellow diamonds or 
red squares. The error symbol appears on the line where you 
have a bug. If you hover your cursor over the symbol, App Lab 
provides a clue about the error. Here’s a general description of 
what each error symbol means:

 ✓ Yellow diamond: Your code has a possible syntax error, but 
the app might still run. The syntax error might be due to 
misspelling something or any number of other problems.

The onEvent() command always display a yellow diamond 
when you don’t delete the default function call name, event. 
However, this is one error that does not prevent your app 
from executing, so you don’t need to fix it. But if you find 
that yellow diamond irritating, you can usually just remove 
event from between the parentheses and the warning will 
vanish.

 ✓ Red square: A syntax error is preventing the app from 
 running. For example, you might be using a variable or a 
function that you haven’t declared. You must fix syntax 
errors before attempting to run your app.

)LJXUH����b
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9Ä�ĩóė�ĀĄóÆĄ�è�Ïê�«áóÞ�èó³ºɊ�ĩóė�ģóêɭđ�è�Þº�đóó�è�êĩ�Ĉĩêđ�Ĩ�
ºĄĄóĄĈɊ�«ėđ�Ïđ�ÏĈ�ĀóĈĈÏ«áº�đó�è�Þº���Äºģɐ�,óĄ�ºĨ�èĀáºɊ�ĩóė�èÏÆÌđ�
è�Þº���Ĉĩêđ�Ĩ�ºĄĄóĄ�ģÌºê�ĈĀºááÏêÆ�đÌº�ê�èº�óÄ���Ģ�ĄÏ�«áº�óĄ�
ÄėêđÏóêɯɠ�óĄ��êĩđÌÏêÆ�ºáĈº�ĩóė�Ì�Ģº�đó�đĩĀº�Ïê���«áóÞɐ�
,ÏÆėĄºɯȫɢȫ�ĈÌóģĈ���ĈêÏĀĀºđ�óÄ�«áóÞ�ó³º�đÌ�đ��ĀĀ�I�«�Ì�Ĉ�
flagged with three errors.

If you hover your cursor over the yellow triangle on line 1, App 
Lab displays the message shown in Figure 3-4. This message 
tells you that you defined a variable, lives, and then didn’t use 
it in your code.

If you hover your cursor over the yellow triangle on line 2, the 
message shown in Figure 3-5 appears. This message tells you 
that the default function name, event, is not called in your code. 
�Ĉ�èºêđÏóêº³Ɋ�Ïê��ĀĀ�I�«�ÏđɭĈ�óÞ�ĩ�đó�Ì�Ģº�ĩºááóģ�đĄÏ�êÆáºĈ�óê�
all onEvent commands. If you want to correct the error, just 
delete event.

If you hover your cursor over the yellow triangle in line 3, the 
message shown in Figure 3-6 appears. This message lets you 
Þêóģ�đÌ�đ�đÌº�Ģ�ĄÏ�«áº�ÄóĄ�ģÌÏÌ�ĩóėɭĄº��đđºèĀđÏêÆ�đó�Ĉºđ�đÌº�
value, life, doesn’t exist. (You never declared it because you 
meant to set the value of lives not life.)

)LJXUH����b
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To debug this code snippet, delete event from line 2 and change 
life to lives in line 3, as shown in Figure 3-7. Note that chang-
ing life to lives also gets rid of the error in line 1.

Other syntax errors are not flagged as you code but show up at 
runtime. Figure 3-8 shows a code snippet built in text-based 
mode. As you can see, App Lab does not display any yellow 
 triangles or red squares.

)LJXUH����b
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When you run the JavaScript code, however, a warning message 
�ĀĀº�ĄĈ��đ�đÌº�«óđđóè�óÄ�đÌº��ĀĀ�I�«�9�"Ɋ�Ïê�đÌº��º«ėÆ��óêĈóáºɐ�
As shown in Figure 3-9, the warning tells where the error is 
located and what the error might be. Here, I forgot to name a 
button in my app. The name catButton doesn’t exist because 
9ɯÄóĄÆóđ�đó�Ì�êÆº�đÌº�³ºÄ�ėáđ�ê�èº�ÄĄóè�button1.

zÌº��º«ėÆ��óêĈóáº�óÄÄºĄĈ�ĈºĢºĄ�á��³³ÏđÏóê�á�đóóáĈ�ÄóĄ�ÌºáĀÏêÆ�
you debug your app. Besides catching syntax errors that you do 
êóđ��đÌ�ģÌÏáº�ó³ÏêÆɊ�đÌº�óêĈóáº��ê�ÌºáĀ�ĩóė�đĄ�Þ�³óģê�
áóÆÏ�ºĄĄóĄĈ�đÌ�đ�ĈÌóģ�ėĀ��đ�ĄėêđÏèºɐ�6ºĄº��Ąº�đģó�Þºĩ�ģ�ĩĈ�ĩóė�
�ê�ėĈº�đÌº��º«ėÆ��óêĈóáº�đó�ÄÏê³��ê³�ÄÏĨ�ĩóėĄ�ºĄĄóĄĈɉ

 ✓ Use the slider to adjust the speed of execution of your pro-
gram. You can change the speed between turtle (slow) and 
Ą�««Ïđ�ɞÄ�Ĉđɟɐ��óêđĄóááÏêÆ�đÌº�ĈĀºº³��ááóģĈ�ĩóė�đó��đÌ�đÌº�
moment when an error is first encountered.

 ✓ Pay attention to the details of the error messages. The mes-
Ĉ�ÆºĈ�Ïê�đÌº��º«ėÆ��óêĈóáº�óÄđºê�đºáá�ĩóė�ģÌÏÌ�áÏêº�êėè«ºĄ�
the bug appears on, and what the error might be.

zÌº��º«ėÆ��óêĈóáº�Ì�Ĉ��³³ÏđÏóê�á�«ėđđóêĈ��ê³�đóóáĈɕ�Ąº�³��ĀĀ�
Lab’s online documentation for details.

�áÏÞ�đÌº�mºĈºđ�«ėđđóê�Ïê�đÌº��ĀĀ�I�«�ĈÏèėá�đóĄ�đó�ĈđóĀ�ó³º�
execution and reset the app.

Lastly, you can also use the console.log command to report 
đĄ�ÞÏêÆ�ÏêÄóĄè�đÏóê�đó�ĩóė�Ïê�đÌº��º«ėÆ��óêĈóáº��Ĉ�đÌº�ĀĄó-
ÆĄ�è�ĄėêĈɐ�,ÏÆėĄº�ȫɢȩȨ�ĈÌóģĈ���ó³º�ĈêÏĀĀºđ�đÌ�đ��ĈÞĈ�đÌº�ėĈºĄ�
to type his or her name. The code should store the name, but 
because the code doesn’t print the name, you can’t tell whether 
the name was stored as you intended. By adding a console.log 

)LJXUH����b
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óèè�ê³Ɋ�ĩóė��ê�áóóÞ�«ºÌÏê³�đÌº�ĈºêºĈ�«ĩ�è�ÞÏêÆ�đÌº�ê�èº�
ĀĄÏêđ�Ïê�đÌº��º«ėÆ��óêĈóáºɐ��Ĉ�ĩóė��ê�Ĉºº�Ïê�đÌº�ÄÏÆėĄºɊ�đÌº�
program read and stored the name.

Debugging MakeCode Programs
zÌº�«áóÞ�èó³º�óÄ�Q�Þº�ó³º�ÏĈ�áÏÞº�qĄ�đÌ�Ïê�đÌ�đ�Ïđ�ÞººĀĈ�ĩóė�
ÄĄóè�è�ÞÏêÆ�Ĉĩêđ�Ĩ�ºĄĄóĄĈɐ��º�ėĈº�ĩóė�ėĈº�ĀĄºè�³º�«áóÞĈɊ��Ĉ�
shown in Figure 3-11, you can’t type misspellings or forget to 
include punctuation.

)LJXUH�����b
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6óģºĢºĄɊ�ÏÄ�ĩóė�ėĈº�đÌº�E�Ģ�qĄÏĀđ�đºĨđɢ«�Ĉº³�èó³º�óÄ�Q�Þº�ó³ºɊ�
ĩóė�đĩĀº�ĩóėĄ�ó³ºɊ�Ĉó�Ïđ�ÏĈ�ĀóĈĈÏ«áº�đó�è�Þº�Ĉĩêđ�Ĩ�ºĄĄóĄĈɐ�,óĄ�
example, Figure 3-12 shows you what happens if you try to use a 
life variable when you should be using livesɐ�Q�Þº�ó³º�ėê³ºĄ-
lines the problem code with a red squiggly line and displays the 
error message, Cannot find name 'life’.

�Ìºê�ó³ÏêÆ�Ïê�Q�Þº�ó³ºɊ�ºĄĄóĄĈ��ê��áĈó�ĈÌóģ�ėĀ��đ�ĄėêđÏèºɐ�
9Ä�ĩóė�Ąėê���Q�Þº�ó³º�ĀĄóÆĄ�è�Ïê�đÌº�èÏĄóɉ«Ïđ�ĈÏèėá�đóĄ�
�ê³ɯÆºđ��ê�ºĄĄóĄɊ��ê�"ĨĀáóĄºĄ�ģÏê³óģ��ĀĀº�ĄĈ�ÛėĈđ�«ºáóģ�đÌº�
micro:bit simulator. The window displays the number of errors 
in the program, as shown in Figure 3-13.

�óė��ê�áÏÞ�đÌº�"ĨĀáóĄºĄ�ģÏê³óģ�đó�ºĨĀ�ê³�Ïđ��ê³�ĢÏºģ��³³Ï-
tional information about the execution of your program and the 
errors. But be aware that it’s a little challenging for new coders 
đó�Ąº�³��ê³�ėê³ºĄĈđ�ê³�đÌº�"ĨĀáóĄºĄ�ģÏê³óģɌ

)LJXUH�����b
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�óėĄ�«ºĈđ�«ºđ�ÄóĄ�ÄÏĨÏêÆ�ĄėêđÏèº�ºĄĄóĄĈ�Ïê�Q�Þº�ó³º�ÏĈ�đó�Ąėê�đÌº�
program several times, tracing the code execution step-by-step. 
zĄĩ�đó�ÏĈóá�đº�đÌº�ºĨ�đ�èóèºêđ�ģÌºê��ê�ºĄĄóĄ�đ�ÞºĈ�Āá�ºɊ��ê³�
then go to that part of the code and examine it. Update the code 
to correct your error (or errors).

You can press the Slo-Mo button in the simulator to slow the 
ĈĀºº³��đ�ģÌÏÌ�đÌº�ĀĄóÆĄ�è�ĄėêĈɊ�è�ÞÏêÆ�Ïđ�º�ĈÏºĄ�đó�đĄ�º�đÌº�
action.

Commenting Out Code  
when Debugging

One final way you can debug code is to comment out sections 
óÄɯó³ºɐ�Commenting out code allows you to temporarily remove 
commands from your program so that you can isolate where 
things are going wrong. You comment out code by using special 
Ĉĩè«óáĈ�Ïê�ÄĄóêđ�óÄ�óêº�óĄ�èóĄº�áÏêºĈ�óÄ�ó³º�ģÌºê�ģóĄÞÏêÆ�Ïê�
đºĨđɢ«�Ĉº³�èó³ºɐ�,óĄ�đÌº�ĀĄóÛºđĈ�Ïê�đÌÏĈ�«óóÞɊ�óèèºêđÏêÆ�óėđ�
code is a debugging technique you can use with text-based 
E�Ģ�qĄÏĀđ�Ïê��ĀĀ�I�«��ê³�Q�Þº�ó³ºɐ

Suppose you wrote the program shown in Figure 3-14, where 
something is wrong with carrotVotesɐ��Ìºê���ėĈºĄ�áÏÞĈ�
carrotImage, the number of votes for the carrot increases only 
óê�đÌº�ÄÏĄĈđ�áÏÞɐ

)LJXUH�����b
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So you, as the app developer, decide to comment out any code 
that has to do with the carrot. For a single line of code, as in 
áÏêºɯȩɊ�ĩóė�ėĈº�đģó�ÄóĄģ�Ą³�Ĉá�ĈÌ�Ĉĩè«óáĈ�ɞ//) in front of the 
ó³ºɐ�,óĄ���á�ĄÆºĄ�«áóÞ�óÄ�ó³ºɊ��Ĉ�Ïê�áÏêºĈ�ȫ�đó�ȭɊ�ĩóė�ėĈº���ĈÏê-
Æáº�ÄóĄģ�Ą³�Ĉá�ĈÌ��ê³��ê��ĈđºĄÏĈÞ�ɞ/*) at the beginning of the 
«áóÞɊ��ê³��ê��ĈđºĄÏĈÞ��ê³���ĈÏêÆáº�ÄóĄģ�Ą³�Ĉá�ĈÌ�ɞ*/) at the end 
óÄ�đÌº�«áóÞɐ�zÌº�ó³º�êóģ�áóóÞĈ�áÏÞº�,ÏÆėĄº�ȫɢȩȭɐ

After commenting out the code, you run the program and every-
đÌÏêÆ�ºáĈº�ģóĄÞĈ�óĄĄºđáĩɐ��óėɭĢº�óêÄÏĄèº³�đÌ�đ�đÌº�ºĄĄóĄĈ�
�ĄºɯÏê�đÌº�ó³º�đÌ�đ�ĩóė�đºèĀóĄ�ĄÏáĩ�ĄºèóĢº³ɐ��óė�Ì�êÆº�áÏêº�
Ȭɯđó�Ąº�³�carrotVotes = carrotVotes + 1. Then you remove 
đÌº�«�ÞĈá�ĈÌºĈ��ê³��ĈđºĄÏĈÞĈɊ��ê³�Ąėê�đÌº�ó³º��Æ�Ïêɐ�zÌÏĈ�
đÏèºɊ�đÌº�ĀĄóÆĄ�è�ģóĄÞĈ��Ĉ�ĩóė�Ïêđºê³º³ɐ

Debugging your code is a normal part of programming. You 
ģóêɭđ�ģĄÏđº�ó³º�ĀºĄÄºđáĩ�đÌº�ÄÏĄĈđ�đÏèºɯɠ�êó�óêº�³óºĈɐ�
Patience and practice are vital to the debugging process.

The computer only understands the commands you give it, so 
ÏđɭĈ�ėĀ�đó�ĩóė�đó�ģóĄÞ��ĄºÄėááĩ��ê³�Ā�ĩ��đđºêđÏóê�đó�ºĢºĄĩ�áÏêº�
óÄɯó³º�ĩóė�ģĄÏđºɐ��áđÌóėÆÌ�³º«ėÆÆÏêÆ�ĩóėĄ�ó³º��ê�«º�đÏèºɢ 
consuming (and frustrating), it’s just part of the job of being a 
coder!

)LJXUH�����b
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CHAPTER

7
Coding color makes programs more interesting 
�ê³ɯĄº�áÏĈđÏɐ��óė�è�ĩ�«º�ĈėĄĀĄÏĈº³�đó�Þêóģ�đÌ�đ�º�Ąáĩ�ĢÏ³ºó�
Æ�èºĈɊ�ĈėÌ��Ĉ�ióêÆɊ�ģºĄº�«á�Þ��ê³�ģÌÏđºɌ�Sóģ�ĩóė��ê�èÏĨ�
áÏÆÌđ�ÄĄóè�Ąº³Ɋ�ÆĄººêɊ��ê³�«áėº�ĀÏĨºáĈ�óê�đÌº�óèĀėđºĄ�ĈĄººê�
đó�è�Þº�èÏááÏóêĈ�óÄ�óáóĄĈɐ

9ê�đÌÏĈ�Ì�ĀđºĄɊ�ĩóė��³³���êºģ�áºĢºá�óÄ�ºĨÏđºèºêđ�đó���Æ�èº�
«ĩɯó³ÏêÆ�óáóĄɐ��óė�ėĈº�ĈÞÏááĈ�ĩóė�Æ�Ïêº³�ó³ÏêÆ�Ą�ê³óèêºĈĈ�
ɞĈºº��Ì�ĀđºĄɯȮɟ��ê³�áº�Ąê�Ìóģ�đó�ėĈº�đóėÌĈĄººê�ĈºêĈóĄĈ�đó�
áó�đº�ĀóĈÏđÏóêɐ�ɞ�óė�³ÏĈóĢºĄ�ºĢºê�èóĄº��«óėđ�ĀóĈÏđÏóê�Ïê�đÌº�
êºĨđ�Ì�ĀđºĄɐɟ

9ê�đÌº�Qóê³ĄÏ�ê��Ąđ�đóĩɊ�ĩóė�ėĈº��ĀĀ�I�«�đó�«ėÏá³��ê��ĀĀ�đÌ�đ�
áºđĈ�ĩóėĄ�ºê³�ėĈºĄ�Ąº�đº��Ąđ�Ïê�đÌº�Ĉđĩáº�óÄ�iÏºđ�Qóê³ĄÏ�êɊ�đÌº�
�ėđÌ��ĄđÏĈđ�Þêóģê�ÄóĄ�ÌÏĈ��«ĈđĄ�đ�Ā�ÏêđÏêÆĈ�óÄ�«á�Þ�Ąºđ�ê-
ÆáºĈ�ÄÏááº³�ģÏđÌ�đÌº�ĀĄÏè�Ąĩ�óáóĄĈ�Ąº³Ɋ�ĩºááóģɊ��ê³�«áėºɐ��óė�
ó³º�ĩóėĄ�ĀĄóÆĄ�è�đó�è�Þº�Ąºđ�êÆáºĈ�óÄ�Ą�ê³óè�ĈÏįºĈ�ģÏđÌ�
ėĈºĄɢĈºáºđº³�óáóĄĈɊ�è�ÞÏêÆ�ºĢºĄĩ�ºê³�ėĈºĄɭĈ�Ā�ÏêđÏêÆ���
ėêÏăėº�ģóĄÞ�óÄ�³ÏÆÏđ�á��ĄđɌ

Mondrian Art Toy

https://commons.wikimedia.org/wiki/File:Piet_Mondriaan_-_03.jpg
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Brainstorm
�óė��ê�Ąº�đº�ĩóėĄ�Qóê³ĄÏ�ê��Ąđ�³Ą�ģÏêÆ�đóĩ�ėĈÏêÆ�áÏêºĈ�óÄ�
�êĩ�ģÏ³đÌ��ê³�óáóĄ�ĩóė�ģ�êđɐ��óė��ê�Ĉºđ�đÌº�Ą�ê³óè�Ą�êÆº�óÄ�
đÌº�Ąºđ�êÆáºĈɭ�dimensionsɯɠ�đÌº�ģÏ³đÌ��ê³�áºêÆđÌɯɠ�ÌóģºĢºĄ�
ĩóė�ģ�êđɐ��ê³�ĩóė��ê�óÄÄºĄ�đÌº�ºê³�ėĈºĄ��êĩ�ÄÏáá�óáóĄĈ�ĩóė�
ģ�êđɊ�Ïêáė³ÏêÆ�Ą�ê³óèáĩ�Ĉºáºđº³�óáóĄĈ�óĄ�óáóĄĈ�ģÏđÌ�Ĉóèº�
đĄ�êĈĀ�Ąºêĩɐ�,ÏÆėĄºɯȯɢȩ�ĈÌóģĈ��ê�ºĨ�èĀáº�óÄ���óèĀáºđº³�đóĩ�
Äº�đėĄÏêÆ����êĢ�Ĉ�óÄ��Ąđ�³ÏÆÏđ�ááĩ�Ā�Ïêđº³�«ĩ��ê�ºê³�ėĈºĄɐ

Start a New Project
�ºÆÏê�Ąº�đÏêÆ�ĩóėĄ�Qóê³ĄÏ�ê��Ąđ�đóĩ��ĀĀ�«ĩ�Ĉđ�ĄđÏêÆ���êºģ�
ĀĄóÛºđɉ

1. \Āºê��ĀĀ�I�«��đ�https://code.org/educate/applabɐ�IóÆɯÏê�
đó�đÌº��óėêđ�ĩóė�Ąº�đº³�đó�ėĈº��ĀĀ�I�«�ɞĈººɯ�Ì�ĀđºĄɯȪɟɐ�
�ê³ºĄ�đÌº��ĀĀ�I�«�Ìº�³ÏêÆɊ�áÏÞ�đÌº�zĄĩ�9đ�\ėđ�«ėđđóêɐ

��êºģ�ĀĄóÛºđ�óĀºêĈɐ

)LJXUH����b
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2. S�èº�ĩóėĄ�ĀĄóÆĄ�è�«ĩ�áÏÞÏêÆ�đÌº�mºê�èº�«ėđđóê��ê³�đĩĀ-
ÏêÆ���ê�èº�Ïê�đÌº�iĄóÛºđ�S�èº�ÄÏºá³��đ�đÌº�đóĀ�óÄ�đÌº��ĀĀ�
I�«�ÏêđºĄÄ�ºɐ

3. �áÏÞ�đÌº�q�Ģº�«ėđđóêɐ

Add a Background Color
QóĈđ�Qóê³ĄÏ�ê�Ā�ÏêđÏêÆĈ�Ì�Ģº���ģÌÏđº�«�ÞÆĄóėê³Ɋ�«ėđ�ĩóė��ê�
ÌóóĈº�đó�Ā�Ïêđ�ĩóėĄ�«�ÞÆĄóėê³���³ÏÄÄºĄºêđ�óáóĄɐ�zó�è�Þº�đÌº�
óáóĄÄėá�Ąºđ�êÆáºĈ�ĀóĀɊ�óêĈÏ³ºĄ�Ì�êÆÏêÆ�đÌº�«�ÞÆĄóėê³�đó���
áÏÆÌđ�ÆĄ�ĩɐ

�óė��ê�Ì�êÆº�đÌº�«�ÞÆĄóėê³�óáóĄ�óÄ�ĩóėĄ��ĀĀ��Ĉ�ÄóááóģĈɉ

1. �áÏÞ�đÌº��ºĈÏÆê�«ėđđóê�đó�ĈģÏđÌ�đó��ºĈÏÆê�èó³º�Ïê��ĀĀɯI�«ɐ

zÌº��ºĈÏÆê�đóóá«óĨ��ê³�ģóĄÞĈĀ�º��Ąº�³ÏĈĀá�ĩº³ɐ

2. \ê�đÌº�iĄóĀºĄđÏºĈ�đ�«�óÄ�đÌº�ģóĄÞĈĀ�ºɊ�Ąºê�èº�đÌº�9��óÄ�
ĈĄººêȩ�đó���èóĄº�èº�êÏêÆÄėá�ê�èº�ĈėÌ��Ĉ�artScreen, as 
ĈÌóģê�Ïê�,ÏÆėĄºɯȯɢȪɐ

�ó�êóđ�Ïêáė³º�ĈĀ�ºĈ�Ïê�9��ê�èºĈɐ�9ê�èóĈđ�ĀĄóÆĄ�èèÏêÆ�
á�êÆė�ÆºĈɊ�Ïêáė³ÏêÆ��ĀĀ�I�«Ɋ�ĈĀ�ºĈ��Ąº�êóđ��ááóģº³ɐ

3. �áÏÞ�đÌº�Ĉè�áá�Ĉăė�Ąº�óÄ�óáóĄ�đó�đÌº�ĄÏÆÌđ�óÄ�đÌº���ÞÆĄóėê³�
�óáóĄ�ÄÏºá³�đó�óĀºê�đÌº��óáóĄ�º³ÏđóĄ�ÄóĄ�đÌº�«�ÞÆĄóėê³ɐ

)LJXUH����b
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4. �áÏÞ�đÌº�đóÆÆáº��ĄĄóģĈ�ɞđÌº�ėĀ��ê³�³óģê��ĄĄóģĈɟ�đó�ĈģÏđÌ�
đó�m.���óáóĄ�èó³ºɐ

\đÌºĄ�óĀđÏóêĈ�ĈÌóģê��Ąº�6qI���ê³�6"�ɐɯ6qI��Ĉđ�ê³Ĉ�ÄóĄ�
6ėºɢq�đėĄ�đÏóêɢIÏÆÌđêºĈĈɢ�áĀÌ���ê³�6"��Ĉđ�ê³Ĉ�ÄóĄ�ÌºĨ�-
³ºÏè�áɐ�"�Ì�ÏĈ���³ÏÄÄºĄºêđ�èºđÌó³�óÄ�ĈºđđÏêÆ�óáóĄɐ

5. zÌº�³ºÄ�ėáđ�ģÌÏđº�«�ÞÆĄóėê³�óáóĄ�Ïê�đÌº���ÞÆĄóėê³��óáóĄ�
ÄÏºá³�ÏĈ�ĄÆ«�ɞȨɊȨɊȨɊȩɟɐ��Ąº�đº��êĩ�«�ÞÆĄóėê³�óáóĄ�ĩóė�ģ�êđ�
«ĩ�đĩĀÏêÆ���Ģ�áėº�ÄĄóè�Ȩ�đó�ȪȭȭɯÏê�º�Ì�óÄ�đÌº�mɊ�.Ɋ��ê³���
ÄÏºá³ĈɊ��ê³���Ģ�áėº�óÄ�ȩɯÏê�đÌº���ɞ�áĀÌ�ɟ�ÄÏºá³ɐ�\Ą�ĈáÏ³º�đÌº�
óáóĄ�ĈáÏ³ºĄ�ɞđÌº�ÄÏĄĈđ�ĈáÏ³ºĄɟ��ê³�đÌº��áĀÌ��ĈáÏ³ºĄ�ɞđÌº�Ĉºóê³�
ĈáÏ³ºĄɟ�đó�Ąº�đº�đÌº�óáóĄ��ê³�đĄ�êĈĀ�Ąºêĩ�ĩóė�ģ�êđɐ

zó�Äóááóģ��áóêÆ�ģÏđÌ�đÌº�ºĨ�èĀáº��ê³�Ąº�đº���áÏÆÌđ�ÆĄ�ĩ�
«�ÞÆĄóėê³Ɋ�đĩĀº�230�ɞóĄ�đÌºĄº�«óėđĈɟ�Ïê�º�Ì�óÄ�đÌº�ÄÏĄĈđ�
đÌĄºº�ÄÏºá³Ĉ��ê³�1�Ïê�đÌº���ÄÏºá³ɐ�qºº�,ÏÆėĄºɯȯɢȫɐ�qºº�đÌº�
ɩm.����óáóĄɪ�ĈÏ³º«�Ą�ÄóĄ�èóĄº�ÏêÄóĄè�đÏóê�óê�ģóĄÞÏêÆ�ģÏđÌ�
óáóĄ��ê³�đĄ�êĈĀ�Ąºêĩɐ

)LJXUH����b
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RGBA Color
An RGBA color code give values for red, green, blue, and alpha. Red, green, 
DQG�EOXH�HDFK�UDQJH�IURP���WR����bLQ�YDOXH��$�YDOXH�RI���PHDQV�QR�OLJKW�
LVbGLVSOD\HG�LQ�WKDW�FRORU��UHVXOWLQJ�LQ�WKH�GDUNHVW�FRORU��$�YDOXH�RI�����LV�
WKHbJUHDWHVW�TXDQWLW\�RI�OLJKW�LQ�WKDW�YDOXH��UHVXOWLQJ�LQ�WKH�EULJKWHVW�FRORU��
7KH�DOSKD�SDUDPHWHU�LV�D�QXPEHU�IURP����WUDQVSDUHQW��DQG����RSDTXH���ΖI�
QRbDOSKD�YDOXH�LV�JLYHQ��LW�LV�DVVXPHG�WR�EH����$Q�DOSKD�YDOXH�RI�����ZRXOG�
EH�KDOI�WUDQVSDUHQW�DQG�KDOI�RSDTXH�

Here are some examples of RGBA values and their associated colors:

(0,0,0,1) %ODFN
(255,0,0,1) Red
(0,255,0,1) Green
(0,0,255,1) Blue
(255,255,0,1) <HOORZbȃ�UHG�OLJKW�DQG�JUHHQ�OLJKW�SURGXFH�\HOORZ�OLJKW
(0,255,255,1) &\DQbȃ�JUHHQ�OLJKW�DQG�EOXH�OLJKW�SURGXFH�F\DQ�OLJKW
(255,0,255,1) 0DJHQWDbȃ�UHG�OLJKW�DQG�EOXH�OLJKW�SURGXFH�PDJHQWD�OLJKW
(50,50,50,1) 'DUN�JUD\
(150,150,150,1) 0HGLXP�JUD\
(200,200,200,1) /LJKW�JUD\
(255,255,255,1) White

.HHS�LQ�PLQG�WKDW�\RXȇUH�PL[LQJ�FRORUHG�SL[HO�OLJKWV�RQ�D�FRPSXWHU�VFUHHQ��
ZKLFK�SURGXFHV�GLIIHUHQW�UHVXOWV�WKDQ�PL[LQJ�FUD\RQ�FRORUV�RQ�D�SLHFH�RI�
SDSHU��)RU�H[DPSOH��PL[LQJ�UHG�DQG�JUHHQ�OLJKW�SURGXFHV�\HOORZ�OLJKW��%XW�
PL[LQJ�UHG�DQG�JUHHQ�FUD\RQV�SURGXFHV�DQ�LFN\�EURZQ�VKDGH�

:KHQ�FRGLQJ��\RX�FDQ�VHW�D�SL[HO�FRORU�YDOXH�E\�W\SLQJ�D�QXPEHU�LQ�WKH�
FRORU�UDQJH��ZKLFK�LV���WR������5HPHPEHU��VPDOO�QXPEHUV�PHDQV�OHVV�OLJKW�
DQG�PDNH�D�GDUNHU�FRORU�RQ�D�GLVSOD\��/DUJH�QXPEHU�PHDQV�PRUH�OLJKW�DQG�
PDNH�D�EULJKWHU��OLJKWHU��FRORU�RQ�D�GLVSOD\�
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Add a Title Label
SºĨđɊ�ĩóė�ĈÌóėá³�ê�èº�ĩóėĄ��ĀĀ�ģÏđÌ���á�«ºá�đÌ�đ�ÌºáĀĈ�đÌº�ėĈºĄ�
Þêóģ�đÌº�ĀėĄĀóĈº�óÄ�đÌº��ĀĀɐ��³³���đÏđáº��Ĉ�ÄóááóģĈɉ

1. mºè�Ïê�ģóĄÞÏêÆ�Ïê�đÌº��ºĈÏÆê�èó³º�óÄ��ĀĀ�I�«ɐ�9Ä�ĩóėɭĄº�
êóđ�Ïê��ºĈÏÆê�èó³ºɊ�áÏÞ�đÌº��ºĈÏÆê�«ėđđóêɐ

zÌº��ºĈÏÆê�đóóá«óĨ��ê³�ģóĄÞĈĀ�º��Ąº�³ÏĈĀá�ĩº³ɐ

2. 9ê�đÌº��ºĈÏÆê�đóóá«óĨɊ�³Ą�Æ�đÌº�I�«ºá�Ïóê��ê³�ĀóĈÏđÏóê�Ïđ�
êº�Ą�đÌº�đóĀ�áºÄđ�óÄ�đÌº��ĀĀ�³ÏĈĀá�ĩɐ

zÌº�á�«ºá�ģÏáá�«º�Āá�º³�Ïê�ÄĄóêđ�óÄ�đÌº�³Ą�ģÏêÆ��êĢ�ĈɊ�Ĉó�
đÌ�đ�Ïđ��ê�«º�Ĉººêɐ

3. \ê�đÌº�iĄóĀºĄđÏºĈ�đ�«�óÄ�đÌº�ģóĄÞĈĀ�ºɊ�Ì�êÆº�đÌº��đđĄÏ«ėđºĈ�
óÄ�đÌº�á�«ºá��Ĉ�ÄóááóģĈɉ

• 9�ɉ�mºê�èº�đÌº�9��đó�titleLabelɐ
• zºĨđɉ�zĩĀº�đÌº�đÏđáº�óÄ�ĩóėĄ��ĀĀɊ�ĈėÌ��Ĉ�Mondrian Art.

• �Ï³đÌ�ɞĀĨɟɉ�9êĄº�Ĉº�đó�ģÏ³đÌ�óÄ�ĩóėĄ�á�«ºá�đó�ĈóèºđÌÏêÆ�
áÏÞº�ȪȬȨ�ĀÏĨºáĈ�ɞóĄ�èóĄºɟɊ�Ĉó�đÌ�đ�đÌº�đÏđáº�ģÏáá��ĀĀº�Ą�óê���
ĈÏêÆáº�áÏêºɐ

3XWWLQJ�WRJHWKHU�UDQGRPQHVV�DQG�FRORU��\RX�FDQ�ZULWH�FRGH�WR�PDNH�UDQGRP�
FRORUV�IRU�\RXU�DSSV��5HSODFH�DQ\�SL[HO�FRORU�YDOXH�ZLWK�random(0, 255) 
WRbFUHDWH�����YDULDWLRQV�IRU�WKDW�FRORU��5HSODFLQJ�HDFK�SL[HO�FRORU�YDOXH��HDFK�
RI�UHG��JUHHQ��DQG�EOXH��FUHDWHV�����FRORU�YDULDWLRQV�IRU�HDFK�FRORU�FKDQQHO��
7KDW�PHDQV�\RX�FDQ�SURGXFH���������������FRORUV��ZKLFK�LV�PRUH�WKDQ�
��bPLOOLRQ�FRPELQDWLRQV�

$OVR�UHPHPEHU�WKDW�DOSKD�YDOXHV�OHVV�WKDQ�����FDXVH�\RXU�FRORU�WR�KDYH�VRPH�
WUDQVSDUHQF\��:KHQ�OD\HULQJ�FRORUHG�REMHFWV��VXFK�DV�ILOOHG�UHFWDQJOHV��RQ�WRS�
of each other, color blending can be seen in the overlapping regions. This 
produces some interesting artistic effects.
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• 6ºÏÆÌđ�ɞĀĨɟɉ�Só�Ì�êÆºɐ
• Ĩ�ióĈÏđÏóê�ɞĀĨɟɉ�Só�Ì�êÆºɕ�ĩóė�Ì�êÆº�đÌº�Ĩ�ĀóĈÏđÏóê�á�đºĄ�
«ĩ�³Ą�ÆÆÏêÆ�đÌº�á�«ºá�Ïêđó�ĀóĈÏđÏóêɐ

• ĩ�ióĈÏđÏóê�ɞĀĨɟɉ�Só�Ì�êÆºɕ�ĩóė�Ì�êÆº�đÌº�ĩ�ĀóĈÏđÏóê�á�đºĄ�
«ĩ�³Ą�ÆÆÏêÆ�đÌº�á�«ºá�Ïêđó�ĀóĈÏđÏóêɐ

• zºĨđ��óáóĄɉ��áÏÞ�đÌº�Ĉè�áá�Ĉăė�Ąº�óÄ�óáóĄ�đó�đÌº�ĄÏÆÌđ�óÄ�
đÌº�zºĨđ��óáóĄ�ÄÏºá³��ê³�ÌóóĈº���óáóĄ�ÄóĄ�ĩóėĄ�đÏđáº�đÌ�đ�
ģÏáá�óêđĄ�Ĉđ�ģºáá�ģÏđÌ�đÌº�«�ÞÆĄóėê³ɐ

• ��ÞÆĄóėê³��óáóĄɉ�Só�Ì�êÆºɐ
• ,óêđ�qÏįº�ɞĀĨɟɉ�zĩĀº���êºģ�Äóêđ�ĈÏįº�Ïê�đÌº�ÄÏºá³�óĄ�ėĈº�đÌº�
ĈºáºđÏóê��ĄĄóģĈ�đó�è�Þº�đÌº�đÏđáº�đÌº��ĀĀĄóĀĄÏ�đº�ĈÏįº�ÄóĄ�
ĩóėĄ��ĀĀɐ

• zºĨđ��áÏÆêèºêđɉ��áÏÞ�đÌº�ĈºáºđÏóê��ĄĄóģĈ��ê³�ÌóóĈº�
IºÄđɐ

4. �áÏÞ��ê³�³Ą�Æ�đÌº�á�«ºá�óê�ĩóėĄ��ĀĀ�đó�ĀóĈÏđÏóê�Ïđ�ģÌºĄº�ĩóė�
ģ�êđɐ

mºÄºĄ�đó�,ÏÆėĄºɯȯɢȩ�đó�Ĉºº�đÌº�ĀóĈÏđÏóê�óÄ�đÌº�đÏđáº�á�«ºá�óê�đÌº�
�ĀĀ�ĈÏèėá�đóĄ�³ÏĈĀá�ĩɐ

Add Fill and Clear Buttons
�óėĄ��ĀĀ�ģÏáá�Äº�đėĄº�«ėđđóêĈ�đÌ�đ�đÌº�ėĈºĄ��ê�áÏÞ�óĄ�đ�Ā�đó�
Ĉºáºđ�đÌº�ÄÏáá�óáóĄ�ÄóĄ�º�Ì�Qóê³ĄÏ�ê�Ąºđ�êÆáºɐ�,óááóģ�đÌºĈº�
ÏêĈđĄėđÏóêĈ�đó��³³�º�Ì�óÄ�đÌºĈº�«ėđđóêĈ�đó�ĩóėĄ��ĀĀɉ

1. mºè�Ïê�ģóĄÞÏêÆ�Ïê�đÌº��ºĈÏÆê�èó³º�óÄ��ĀĀ�I�«ɐ�9Ä�ĩóėɭĄº�
êóđ�Ïê��ºĈÏÆê�èó³ºɊ�áÏÞ�đÌº��ºĈÏÆê�«ėđđóêɐ

zÌº��ºĈÏÆê�đóóá«óĨ��ê³�ģóĄÞĈĀ�º��Ąº�³ÏĈĀá�ĩº³ɐ
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2. 9ê�đÌº��ºĈÏÆê�đóóá«óĨɊ�³Ą�Æ�đÌº��ėđđóê�Ïóê�đó�đÌº��ĀĀ�
³ÏĈĀá�ĩɐ

3. \ê�đÌº�iĄóĀºĄđÏºĈ�đ�«�óÄ�đÌº�ģóĄÞĈĀ�ºɊ�Ì�êÆº�đÌº��đđĄÏ«ėđºĈ�
óÄ�đÌº�«ėđđóê��Ĉ�ĈÌóģê�ÌºĄºɉ

• 9�ɉ�mºê�èº�đÌº�9��đó�redButton�ɞóĄ�ĈóèºđÌÏêÆ�ĈÏèÏá�Ąɟ�đó�
Ïê³Ï�đº�đÌ�đ�đÌÏĈ�«ėđđóê�ģÏáá��ááóģ�đÌº�ėĈºĄ�đó�³Ą�ģ���Ąº³ɢ
ÄÏááº³�Ąºđ�êÆáº�ɞóĄ�ģÌ�đºĢºĄ�óáóĄ�ĩóė�ÌóóĈºɟɐ

• zºĨđɉ�zĩĀº�đÌº�đºĨđ�đÌ�đ�ģÏáá��ĀĀº�Ą�óê�đÌº�«ėđđóêɊ�ĈėÌ��Ĉ�
Red�ɞóĄ�ģÌ�đºĢºĄ�óáóĄ�ĩóė�ÌóóĈºɟɐ

• �Ï³đÌ�ɞĀĨɟɉ�9êĄº�Ĉº�đó�ģÏ³đÌ�óÄ�ĩóėĄ�«ėđđóêɊ�đó�ĈóèºđÌÏêÆ�
áÏÞº�ȭȭ�ĀÏĨºáĈɐ

• 6ºÏÆÌđ�ɞĀĨɟɉ�9êĄº�Ĉº�đó�ÌºÏÆÌđ�óÄ�ĩóėĄ�«ėđđóêɊ�đó�Ĉóèº-
đÌÏêÆ�áÏÞº�ȭȭ�ĀÏĨºáĈɐ

• Ĩ�ióĈÏđÏóê�ɞĀĨɟɉ�Só�Ì�êÆºɕ�ĩóė�Ì�êÆº�đÌº�Ĩ�ĀóĈÏđÏóê�á�đºĄ�
«ĩ�³Ą�ÆÆÏêÆ�đÌº�«ėđđóê�Ïêđó�ĀóĈÏđÏóêɐ

• ĩ�ióĈÏđÏóê�ɞĀĨɟɉ�Só�Ì�êÆºɕ�ĩóė�Ì�êÆº�đÌº�ĩ�ĀóĈÏđÏóê�á�đºĄ�
«ĩ�³Ą�ÆÆÏêÆ�đÌº�«ėđđóê�Ïêđó�ĀóĈÏđÏóêɐ

• zºĨđ��óáóĄɉ��áÏÞ�đÌº�Ĉè�áá�Ĉăė�Ąº�óÄ�óáóĄ�đó�đÌº�ĄÏÆÌđ�óÄ�
đÌº�zºĨđ��óáóĄ�ÄÏºá³��ê³�ÌóóĈº���đºĨđ�óáóĄ�đÌ�đ�ģÏáá�óê-
đĄ�Ĉđ�ģºáá�ģÏđÌ�đÌº�«ėđđóê�«�ÞÆĄóėê³ɐ

• ��ÞÆĄóėê³��óáóĄɉ��áÏÞ�đÌº�Ĉè�áá�Ĉăė�Ąº�óÄ�óáóĄ�đó�đÌº�
ĄÏÆÌđ�óÄ�đÌº���ÞÆĄóėê³��óáóĄ�ÄÏºá³��ê³�ÌóóĈº���«ėđđóê�
óáóĄ�đÌ�đ�ģÏáá�óêđĄ�Ĉđ�ģºáá�ģÏđÌ�đÌº�«�ÞÆĄóėê³�óáóĄ�óÄ�
đÌº��ĀĀɐ�,óĄ�ºĨ�èĀáº���«ėđđóê�ê�èº³�mº³�ģóėá³�áóÆÏ�ááĩ�
Ì�Ģº���Ąº³�«�ÞÆĄóėê³�óáóĄɐ

• ,óêđ�ĈÏįº�ɞĀĨɟɉ�zĩĀº���êºģ�Äóêđ�ĈÏįº�Ïê�đÌº�ÄÏºá³�óĄ�áÏÞ�
đÌº�ĈºáºđÏóê��ĄĄóģĈ�đó�è�Þº�đÌº�đºĨđ�óê�ĩóėĄ�«ėđđóê���
Æóó³�ĈÏįº�ÄóĄ�ĩóėĄ��ĀĀɐ

• zºĨđ��áÏÆêèºêđɉ��áÏÞ�đÌº�ĈºáºđÏóê��ĄĄóģĈ��ê³�ÌóóĈº�IºÄđɐ
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4. �Ą�Æ�đÌº�«ėđđóê�óê�ĩóėĄ��ĀĀ�³ÏĈĀá�ĩ�đó�ĀóĈÏđÏóê�Ïđ�ģÌºĄº�ĩóė�
ģ�êđɐ�mºèºè«ºĄ�đÌ�đ�ĩóė�ģÏáá�Ąº�đº�ĈºĢºĄ�á�«ėđđóêĈ��ê³�
êºº³�đó�áº�Ģº�Ąóóè�ÄóĄ�đÌºè��ááɐ

5. �Ąº�đº��êóđÌºĄ�«ėđđóê�«ĩ�ĈºáºđÏêÆ�đÌº�ÄÏĄĈđ�«ėđđóê�ĩóė�Ąº-
�đº³��ê³�đÌºê�áÏÞÏêÆ�đÌº��ăė�ɢóáóĄº³��ėĀáÏ�đº�«ėđđóê�Ïê�
đÌº�ģóĄÞĈĀ�ºɐ

6. mºĀº�đ�qđºĀ�ȭ�ėêđÏá�ĩóėɭĢº�Ąº�đº³��áá�ĩóėĄ�«ėđđóêĈɐ

7. �Ì�êÆº�đÌº�9���ê³�đºĨđ�óê�º�Ì�óÄ�ĩóėĄ�³ėĀáÏ�đº�«ėđđóêĈ�
ĈóɯđÌ�đ�º�Ì�óêº�ĄºĀĄºĈºêđĈ���³ÏÄÄºĄºêđ�óáóĄɐ�,óĄ�ºĨ�èĀáºɊ�
9ɯĄº�đº³���«ėđđóê�ÄóĄ�mº³Ɋ��ºááóģɊ��áėºɊ��ê³��ÌÏđºɐ�9ɯ�áĈó�
�Ąº�đº³���«ėđđóê�ÄóĄ��áº�ĄɊ�ģÌÏÌ�ģÏáá�«º�ėĈº³�đó�áº�Ą�đÌº�
ĈĄººê�óÄ���Ā�ÏêđÏêÆɐ

8. �Ą�Æ�º�Ì�óÄ�ĩóėĄ�êºģ�«ėđđóêĈ�đó�đÌº��ĀĀ�³ÏĈĀá�ĩɊ�«ºáóģ�đÌº�
³Ą�ģÏêÆ��êĢ�Ĉɐ

zÌº�Æó�á�ÏĈ�đó�Ąº�đº���áº�ê��ê³�Ąº�³�«áº�ėĈºĄ�ÏêđºĄÄ�º�ÄóĄ�
đÌº�ºê³�ėĈºĄ�óÄ�ĩóėĄ�Qóê³ĄÏ�ê��Ąđ�đóĩɐ�mºÄºĄ�đó�,ÏÆėĄºɯȯɢȩɐ

zó�è�Þº�đÌº�ėĈº�óÄ�ĩóėĄ��ĀĀ�ėê³ºĄĈđ�ê³�«áº�đó�ºê³�ėĈºĄĈɊ�
�óĄÆ�êÏįº�ĩóėĄ�«ėđđóêĈ�Ïê�º�ĈĩɢđóɢÄÏê³�áó�đÏóêĈɐ

Code a Canvas and Paintbrush
zÌº�canvas�ÏĈ���Ąºđ�êÆáºɢĈÌ�Āº³��Ąº��óê�đÌº��ĀĀ�ĈĄººê�ģÌºĄº�
ºê³�ėĈºĄĈ��ê�Ā�Ïêđɯɠ�áÏÞº���Ąº�á��ĄđÏĈđɭĈ��êĢ�ĈɌ�zÌº��êĢ�Ĉ�ÏĈ�
ĈººɢđÌĄóėÆÌɊ�Ĉó�đÌº�«�ÞÆĄóėê³�óáóĄ�đÌ�đ�ĩóė�Ĉºđ�ĀĄºĢÏóėĈáĩ�
�ĀĀº�ĄĈɐ��óėɭáá�Ąº�đº�đÌº��êĢ�Ĉ��ê³��áĈó�³ºÄÏêº�đÌº�paintbrushɯɠ� 
đÌº�áÏêº�óáóĄ��ê³�đÌÏÞêºĈĈ�óÄ�đÌº�Ąºđ�êÆáºĈ�đÌ�đ�đÌº�ėĈºĄ�ģÏáá�
Ā�Ïêđɐ

�Ąº�đº��ê³�ó³º����êĢ�Ĉ�óê�đÌº�«�ÞÆĄóėê³��ê³�đÌºê�ó³º�đÌº�
Ā�Ïêđ«ĄėĈÌ��Ĉ�ÄóááóģĈɉ

1. qģÏđÌ�đó��ó³º�èó³º�Ïê��ĀĀ�I�«ɐ

zÌº�đóóá«óĨ�óÄ�óèè�ê³Ĉ��ê³�đÌº�ģóĄÞĈĀ�º��Ąº�³ÏĈĀá�ĩº³ɐ
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2. 9ê�đÌº�đóóá«óĨɊ�Ĉºáºđ���êĢ�Ĉɐ��Ą�Æ�đÌº�createCanvas�óè-
è�ê³�Ïêđó�đÌº�ģóĄÞĈĀ�ºɐ��áÏÞ�Ïê�đÌº�ID�ÄÏºá³��ê³�đĩĀº�đÌº�
name "drawingCanvas"�ɞÏêáė³º�đÌº�ăėóđ�đÏóê�è�ĄÞĈɟɐ�qºđ�
đÌº�ģÏ³đÌ�ɞđÌº�ÄÏĄĈđ�êėè«ºĄ�ÄÏºá³ɟ�đó�320ɐ�qºđɯđÌº�ÌºÏÆÌđ�ɞđÌº�
Ĉºóê³�êėè«ºĄ�ÄÏºá³ɟ�đó�400ɐ

zÌº�óèè�ê³�áóóÞĈ�áÏÞº�đÌÏĈɉ

3. �Ą�Æ�đÌº�setActiveCanvas�óèè�ê³�Ïêđó�đÌº�ģóĄÞĈĀ�ºɊ�
«ºáóģ�đÌº�ÄÏĄĈđ�óèè�ê³ɐ��áÏÞ�Ïê�đÌº�ID�ÄÏºá³��ê³�đĩĀº�đÌº�
name "drawingCanvas"�ɞÏêáė³º�đÌº�ăėóđ�đÏóê�è�ĄÞĈɟɐ

zÌº�drawingCanvas�óèè�ê³�ĩóė�ĀĄºĢÏóėĈáĩ�Ąº�đº³�ÏĈ�Ĉºđ�đó�
đÌº��đÏĢº��êĢ�Ĉɐ�zÌº�óèè�ê³�áóóÞĈ�áÏÞº�đÌÏĈɉ

�óė��ê��³³����êĢ�Ĉ��áĈó�Ïê��ºĈÏÆê�èó³ºɐ�6óģºĢºĄɊ�ÏđɭĈ�«ºĈđ�
đó�Ąº�đº�đÌÏĈ�ºáºèºêđ�«ĩ�ėĈÏêÆ�ó³º�«º�ėĈº�đÌÏĈ�ÏĈ�Ìóģ�ĩóė�
ģóėá³�ó³º�đÌÏĈ�E�Ģ�qĄÏĀđ�óėđĈÏ³º��ĀĀ�I�«ɐ

4. Drag a setStrokeWidth�óèè�ê³�Ïêđó�đÌº�ģóĄÞĈĀ�ºɊ�«ºáóģ�
đÌº�ĀĄºĢÏóėĈ�óèè�ê³ɐ�zĩĀº�đÌº�êėè«ºĄ�5�Ïê�đÌº�ºèĀđĩ�
ÄÏºá³ɐ

zÌº�ó³º�áóóÞĈ�áÏÞº�đÌÏĈɉ

�Ìºê�đÌº�ºê³�ėĈºĄ�³Ą�ģĈ���Ąºđ�êÆáºɊ�ÏđĈ�«óĄ³ºĄ�ģÏ³đÌ�ģÏáá�
«º�ȭ�ĀÏĨºáĈɯɠ�ĢºĄĩ�Qóê³ĄÏ�ê�Ïê�ĈđĩáºɌ

5. Drag a setStrokeColor�óèè�ê³�Ïêđó�đÌº�ģóĄÞĈĀ�ºɊ�«ºáóģ�
đÌº�ĀĄºĢÏóėĈ�óèè�ê³ɐ�zĩĀº�"black"�Ïê�đÌº��óáóĄ�ÄÏºá³ɐ
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zÌº�ó³º�áóóÞĈ�áÏÞº�đÌÏĈɉ

�êĩ�Ąºđ�êÆáº�đÌ�đ�đÌº�ºê³�ėĈºĄ�³Ą�ģĈ�ģÏáá�Ì�Ģº���«á�Þ�
«óĄ³ºĄɐ

Code to Draw a Rectangle
SºĨđɊ�ĩóė�ģĄÏđº�ó³º�Ĉó�đÌ�đ�ģÌºê�đÌº�ėĈºĄ�đóėÌºĈ��êĩģÌºĄº�óê�
đÌº��ĀĀ�³ÏĈĀá�ĩɊ���Ą�ê³óèáĩ�ĈÏįº³�Ąºđ�êÆáº�ÏĈ�Ā�Ïêđº³��đ�đÌ�đ�
áó�đÏóê�ɞĄº�³�«ĩ�đÌº�đóėÌ�ĈºêĈóĄ��đ�eventɟɐ�,óááóģ�đÌºĈº�ĈđºĀĈɉ

1. �óêđÏêėº�ģóĄÞÏêÆ�Ïê��ó³º�èó³ºɐ

2. 9ê�đÌº�đóóá«óĨɊ�Ĉºáºđ��9�óêđĄóáĈɐ��Ą�Æ��ê�onEvent�óè-
è�ê³�Ïêđó�đÌº�ģóĄÞĈĀ�ºɊ�«ºáóģ�đÌº�ĀĄºĢÏóėĈ�óèè�ê³ɐ�
9êɯđÌº�onEvent�óèè�ê³Ɋ�áÏÞ�đÌº�ID�ÄÏºá³��ê³�đĩĀº� 
"drawingCanvas"�ɞÏêáė³º�đÌº�ăėóđ�đÏóê�è�ĄÞĈɟɐ�Iº�Ģº�
đÌºɯóđÌºĄ��đđĄÏ«ėđºĈ�ėêÌ�êÆº³ɐ

�Ìºê�đÌº�ėĈºĄ�áÏÞĈ�óĄ�đ�ĀĈ�đÌº�³Ą�ģÏêÆ��êĢ�ĈɊ�đÌº�ó³º�
«áóÞ�ÏêĈÏ³º�đÌÏĈ�onEvent�ģÏáá�ºĨºėđºɐ

3. 9ê�đÌº�đóóá«óĨɊ�Ĉºáºđ���êĢ�Ĉɐ��Ą�Æ���rect�óèè�ê³�ÏêđóɯđÌº�
onEvent�óèè�ê³ɐ�9ê�đÌº�rect�ÄÏºá³ĈɊ��³³�đÌº�ÄóááóģÏêÆ�
�đđĄÏ«ėđºĈɉ

• Ĩɉ�zÌº�ÄÏĄĈđ�ºèĀđĩ�ÄÏºá³�óÄ�đÌº�Ąºđ�óèè�ê³�ÏĈ�đÌº�
ĨɢóóĄ³Ïê�đº�óÄ�đÌº�đóĀɢáºÄđ�óĄêºĄ�óÄ�đÌº�Ąºđ�êÆáºɐ�zĩĀº�
event.x�Ïê�đÌÏĈ�ÄÏºá³ɐ�ɞSóđº�đÌ�đ���ĀėĄĀáº�đÏáº�ģÏáá��ĀĀº�Ą�
�Ąóėê³�ĩóėĄ�đĩĀÏêÆɐɟ

• ĩɉ�zÌº�Ĉºóê³�ºèĀđĩ�ÄÏºá³�óÄ�đÌº�Ąºđ�óèè�ê³�ÏĈ�đÌº� 
ĩɢóóĄ³Ïê�đº�óÄ�đÌº�đóĀɢáºÄđ�óĄêºĄ�óÄ�đÌº�Ąºđ�êÆáºɐ�zĩĀº�
event.y�Ïê�đÌÏĈ�ÄÏºá³ɐ�ɞ��ĀėĄĀáº�đÏáº�ģÏáá��ĀĀº�Ą��Ąóėê³�
ĩóėĄɯđĩĀÏêÆɐɟ
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• �Ï³đÌ�ɞĀĨɟɉ�zÌº�đÌÏĄ³�ºèĀđĩ�ÄÏºá³�óÄ�đÌº�Ąºđ�óèè�ê³�ÏĈ�
đÌº�ģÏ³đÌ�óÄ�đÌº�Ąºđ�êÆáºɐ�zĩĀº�50�óĄ���ĈÏèÏá�Ą�êėè«ºĄ�Ïê�
đÌÏĈ�ÄÏºá³ɐ

• 6ºÏÆÌđ�ɞĀĨɟɉ�zÌº�ÄóėĄđÌ�ºèĀđĩ�ÄÏºá³�óÄ�đÌº�Ąºđ�óèè�ê³�
ÏĈ�đÌº�ÌºÏÆÌđ�óÄ�đÌº�Ąºđ�êÆáºɐ�9ê�đÌº�đóóá«óĨɊ�Æó�đó�đÌº�
Q�đÌ�óèè�ê³Ĉ��ê³�³Ą�Æ���random�óèè�ê³�Ïêđó�đÌÏĈ�
ÌºÏÆÌđ�ÄÏºá³ɐ�qºđ�đÌº�Ą�êÆº�óÄ�đÌº�Ą�ê³óè�êėè«ºĄĈ�«ĩ�đĩĀ-
ing 20�óĄ��ɯĈÏèÏá�Ą�êėè«ºĄ�ɞÄóĄ�đÌºɯèÏêÏèėèɟ��ê³�120 or 
��ĈÏèÏá�Ą�êėè«ºĄ�ɞÄóĄ�đÌºɯè�ĨÏèėèɟ�Ïê�đÌº�ºèĀđĩ�ÄÏºá³Ĉɐ

zÌºĈº�êºģ�áÏêºĈ�óÄ�ó³º��Ąº�ĈÌóģê�Ïê�,ÏÆėĄºɯȯɢȬɐ

mėê�ĩóėĄ�ó³º�đó�đºĈđ�Ïđ�Ĉó�Ä�Ąɐ�9ê�đÌº�ĈÏèėá�đóĄɊ�áÏÞÏêÆ��êĩģÌºĄº�
óê�đÌº��ĀĀ�³ÏĈĀá�ĩ�ĈÌóėá³�³Ą�ģ��ê�ėêÄÏááº³��Ąºđ�êÆáº�óÄ�Ģ�ĄĩÏêÆ�
³ÏèºêĈÏóêĈɐ�zĄĩ�áÏÞÏêÆ�áóđĈ�óÄ�đÏèºĈ�đó�è�Þº�áóđĈ�óÄ�Ąºđ�êÆáºĈɌ

Code to Fill Rectangles with Color
Sóģ�ĩóė�ģĄÏđº�Ĉóèº�ó³º�đó��ááóģ�đÌº�ėĈºĄ�đó�Ĉºđ�đÌº�ÄÏáá�óáóĄ�đó�
«º�ėĈº³�ģÌºê���Ąºđ�êÆáº�ÏĈ�³Ą�ģêɉ

1. �óêđÏêėº�ģóĄÞÏêÆ�Ïê�đÌº��ó³º�èó³º�óÄ��ĀĀ�I�«ɐ

2. 9ê�đÌº�đóóá«óĨɊ�Ĉºáºđ��9��óêđĄóáĈɐ��Ą�Æ�đÌº�onEvent�óè-
è�ê³�Ïêđó�đÌº�ģóĄÞĈĀ�ºɊ�«ºáóģ�đÌº�ĀĄºĢÏóėĈ�óèè�ê³ɐ

3. 9ê�đÌº�onEvent�óèè�ê³Ɋ�áÏÞ�đÌº�ID�đ�«��ê³�ÌóóĈº�
redButton�Ïê�đÌº�áÏĈđɐ�mºèóĢº�event�ÄĄóè�function()ɐ�Iº�Ģº�
đÌº�óđÌºĄ��đđĄÏ«ėđºĈ�ėêÌ�êÆº³ɐ

�Ìºê�đÌº�mº³�«ėđđóê�ÏĈ�áÏÞº³Ɋ�đÌº�ó³º�«áóÞ�ÏêĈÏ³º�
onEvent�ģÏáá�ºĨºėđºɐ
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4. qºáºđ���êĢ�Ĉɐ��Ą�Æ���setFillColor�óèè�ê³�Ïêđó�đÌº�
onEvent�óèè�ê³ɐ�zĩĀº�"red"�Ïê�đÌº�ÄÏºá³Ɋ�óĄ�áÏÞ�đÌº�đ�«�
�ê³�Ĉºáºđ��ê�RGB�óèè�ê³��ê³�đÌºê�đĩĀº�Ïê�Ģ�áėºĈɐ

�Ìºê�đÌº�ėĈºĄ�áÏÞĈ�đÌº�mº³�«ėđđóêɊ�đÌº�Ąºđ�êÆáº�ÄÏáá�óáóĄ�
ÏĈ�Ĉºđ�đó�Ąº³ɐ�zÌºêɊ�ģÌºê�đÌº�ėĈºĄ�đóėÌºĈ�đÌº��ĀĀ�³ÏĈĀá�ĩ��đ�
�êĩ�áó�đÏóêɊ���Ą�ê³óèáĩ�ĈÏįº³�Ąº³ɢÄÏááº³��Ąºđ�êÆáº�ģÏáá�«º�
Ā�Ïêđº³ɐ

5. mºĀº�đ�qđºĀĈ�ȩɡȬ�đó�ó³º�º�Ì�óÄ�đÌº�Ąºè�ÏêÏêÆ�ÄÏáá�óáóĄ�
«ėđđóêĈɉ��ºááóģɊ��áėºɊ��ê³��ÌÏđºɐ

,ÏÆėĄºɯȯɢȭ�ĈÌóģĈ�đÌº�ó³º�ÄóĄ�đÌº�mº³Ɋ��ºááóģɊ��áėºɊ��ê³��ÌÏđº�
«ėđđóêĈɐ

Code a Clear Button to Erase a Painting
�ÄđºĄ�Ā�ÏêđÏêÆ�ĈºĢºĄ�á�Ąºđ�êÆáºĈɊ�đÌº�ºê³�ėĈºĄ�è�ĩ�ģ�êđ�đó�áº�Ą�
đÌº�Ā�ÏêđÏêÆ��ê³�Ĉđ�Ąđ�ÄĄºĈÌɌ��ó³º����áº�Ą�«ėđđóê��Ĉ�ÄóááóģĈɉ

1. �óêđÏêėº�ģóĄÞÏêÆ�Ïê�đÌº��ó³º�èó³º�óÄ��ĀĀ�I�«ɐ

2. 9ê�đÌº�đóóá«óĨɊ�Ĉºáºđ��9��óêđĄóáĈɐ��Ą�Æ�đÌº�onEvent�óè-
è�ê³�Ïêđó�đÌº�ģóĄÞĈĀ�ºɊ�«ºáóģ�đÌº�ĀĄºĢÏóėĈ�óèè�ê³ɐ
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3. 9ê�đÌº�onEvent�óèè�ê³Ɋ�áÏÞ�đÌº�ID�đ�«��ê³�ÌóóĈº�
clearButton�Ïê�đÌº�áÏĈđɐ�mºèóĢº�event�ÄĄóè�function()ɐ�
Iº�Ģº�đÌº�óđÌºĄ��đđĄÏ«ėđºĈ�ėêÌ�êÆº³ɐ

�Ìºê�đÌº��áº�Ą�«ėđđóê�ÏĈ�áÏÞº³Ɋ�đÌº�ó³º�«áóÞ�ÏêĈÏ³º�
onEvent�ģÏáá�ºĨºėđºɐ

4. qºáºđ�đÌº���êĢ�Ĉ�óèè�ê³Ĉɐ��Ą�Æ���clearCanvas()�óè-
è�ê³�Ïêđó�đÌº�onEvent�óèè�ê³ɐ

SóģɊ�ģÌºê�đÌº�ºê³�ėĈºĄ�áÏÞĈ�đÌº��áº�Ą�«ėđđóêɊ�đÌº�Ā�ÏêđÏêÆ�
ģÏáá�«º�áº�Ąº³�ÄĄóè�đÌº�³ÏĈĀá�ĩɐ

zÌ�đɭĈ�ÏđɌ�zÌº�³ºĈÏÆê��ê³�ó³º�ÄóĄ�đÌº�Qóê³ĄÏ�ê��Ąđ�đóĩ��Ąº�
óèĀáºđºɐ�mºÄºĄ�đó�,ÏÆėĄºɯȯɢȩ�đó�Ĉºº�đÌº�³ÏĈĀá�ĩ�óÄ�đÌº�óèĀáºđº³�
�ĀĀɐ�,ÏÆėĄºɯȯɢȮ�ĈÌóģĈ�đÌº�ĀĄóÆĄ�è�Ïê�«áóÞĈɐ

)LJXUH����b
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6ºĄº�ÏĈ�đÌº�óèĀáºđº�ó³º�Ïê�E�Ģ�qĄÏĀđɉ

createCanvas("drawingCanvas", 320, 400);

setActiveCanvas("drawingCanvas");

setStrokeWidth(5);

setStrokeColor("black");

onEvent("drawingCanvas", "click", function(event) {

  rect(event.x, event.y, 50, randomNumber(20, 120));

});

onEvent("redButton", "click", function() {

  setFillColor("red");

});

onEvent("yellowButton", "click", function() {

  setFillColor("yellow");

});

onEvent("blueButton", "click", function() {

  setFillColor("blue");

        });

onEvent("whiteButton", "click", function() {

  setFillColor("white");

});

onEvent("clearButton", "click", function() {

  clearCanvas();

});

Save, Test, and Debug Your App
�Ĉ�ĩóė�ģóĄÞɊ��ĀĀ�I�«��ėđóè�đÏ�ááĩ�Ĉ�ĢºĈ�ĩóėĄ�ĀĄóÆĄ�è�Ïê�đÌº�
áóė³ɐ�zºĈđ�ĩóėĄ�ĀĄóÆĄ�è��ê³�ÄÏĨ��êĩ�«ėÆĈ�đó�ºêĈėĄº�đÌ�đ�Ïđ�
ģóĄÞĈ�đÌº�ģ�ĩ�ĩóė�ģ�êđ�Ïđ�đóɐ�,óĄ�ÌºáĀ�ģÏđÌ�đºĈđÏêÆ��ê³�³º«ėÆ-
ÆÏêÆɊ�Ĉºº��Ì�ĀđºĄɯȫɐ

Share Your App with the World
�ÄđºĄ�ĩóėĄ��ĀĀ�óĀºĄ�đºĈ��Ĉ�ĩóė�ģ�êđ�Ïđ�đóɊ�ĩóė��ê�Ĉºđ�đÌº�Ĉđ�đėĈ�
óÄ�đÌº�ĀĄóÆĄ�è�đó�qÌ�Ąºɐ�qºº��Ì�ĀđºĄɯȩȱ�ÄóĄ�³ºđ�ÏáĈ�óê�ĈÌ�ĄÏêÆ�
�ĀĀĈ�ĩóė�Ąº�đº�Ïê��ĀĀ�I�«ɐ
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Enhance Your App
�³³�Ĉóèº�óĄ��áá�óÄ�đÌºĈº�óóá�êºģ�Äº�đėĄºĈ�đó�ĩóėĄ��ĀĀɉ

 ✓ More randomness in rectangle sizes:��Ĉ�«ėÏáđɊ�óêáĩ�đÌº�
ÌºÏÆÌđ�óÄ�đÌº�Ąºđ�êÆáº�ÏĈ�Ą�ê³óèɐ�Q�Þº�đÌº�ģÏ³đÌ�óÄ�đÌº�
Ąºđ�êÆáº�Ą�ê³óèɊ�đóóɌ

 ✓ More color buttons:��Ąº�đº��³³ÏđÏóê�á�«ėđđóêĈ�đó�ĀĄó³ėº�
óđÌºĄ�Ąºđ�êÆáº�ÄÏáá�óáóĄĈɊ�ĈėÌ��Ĉ�ÆĄººê�óĄ�ĀėĄĀáºɐ

 ✓ Buttons that fill rectangles with half-transparent  colors: 
9êĈđº�³�óÄ�ê�èÏêÆ���ÄÏáá�óáóĄ�ĈėÌ��Ĉ�Ąº³Ɋ�ėĈº��êɯrgb�óè-
è�ê³�Ïê�đÌº�ÄÏºá³�óÄ�setFillColor�ÄóĄ�º�Ì��«ėđđóêɐ�zÌºɯm.��
óèè�ê³�ģÏđÌ�ÄóėĄ�Ģ�áėºĈ�ÏĈ��đė�ááĩ��ê�m.���óèè�ê³ɐ�
qºđ�đÌº�ÄóėĄđÌ�Ģ�áėºɊ�đÌº��áĀÌ��ɞđÌºɯ��Ģ�áėºɟ�óÄ�º�Ìɯóè-
è�ê³�đó�Ȩɐȭ�đó�è�Þº�đÌº�óáóĄ�Ì�áÄɢđĄ�êĈĀ�Ąºêđɐ�,óĄɯ³ºđ�ÏáĈɊ�
Ĉºº�đÌº�ɩm.����óáóĄɪ�ĈÏ³º«�Ąɐ

 ✓ A button that fills rectangles with a randomly selected color: 
�Ąº�đº���m�ê³óè�«ėđđóê��ê³��³³�đÌÏĈ�ó³ºɉ

onEvent("randomButton", "click", function() {

  setFillColor(rgb(randomNumber(0, 255),randomNumber(0, 255),

  randomNumber(0, 255),1));

});

zÌº�ăė�êđÏđÏºĈ�óÄ�º�Ì�óáóĄ�Ì�êêºáɯɠ�Ąº³Ɋ�ÆĄººêɊ��ê³�
«áėºɯɠ��Ąº�Ą�ê³óèáĩ��ĈĈÏÆêº³ɐ�"ĢºĄĩ�«ėđđóê�áÏÞ�ĀĄó³ėºĈ���
êºģ�Ą�ê³óè�óáóĄɐ�qºº�đÌº�ɩm.����óáóĄɪ�ĈÏ³º«�Ą�ÄóĄ�èóĄº�
óê�m.���óáóĄɐ
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8
In this chapter, you code Emoji Explosion, a fun ani-
mated scene where emoji objects of many colors bounce around 
the screen. You learn to set the coordinates and direction of the 
ó«ÛºđĈɯɠ�ėĈÏêÆ�Ą�ê³óèêºĈĈ�đó�Ĉ�đđºĄ�đÌº�ºèóÛÏĈ�ºĢºĄĩģÌºĄºɌɯɠ� 
�ê³�đÌºê�è�Þº�đÌºè�èóĢºɐ�qÏèĀáº�áóóĀĈ��óêđĄóá�đÌº��đÏóêɐ

zó�Æºđ�Ĉđ�Ąđº³Ɋ�ĩóė�ėĈº�qĄ�đÌ�đó�³Ą�ģ��ê�ºèóÛÏ��ê³�đÌºê�
áóêº�Ïđ�đó�è�Þº���á�ĄÆº�ÆĄóėĀ�óÄ�ºèóÛÏĈ�èóĢÏêÆ��ê³�«óėêÏêÆ�
�Ąóėê³�đÌº�ĈĄººêɐ�Sóģ�đÌ�đ�ĩóė��Ąº�ģĄÏđÏêÆ�áóêÆºĄ�ĀĄóÆĄ�èĈɊ�
you also create new code blocks (sometimes called functions) 
đó�óĄÆ�êÏįº�ĩóėĄ�ó³ºɯɠ�áÏÞº���Ąº�á�ó³ºĄɐ

iėđđÏêÆ�đóÆºđÌºĄ�Ą�ê³óèêºĈĈɊ�èóđÏóêɊ�áóóĀĈɊ�áóêÏêÆɊ��ê³�
ÄėêđÏóêĈ�Ïê�óêº�ĀĄóÛºđ�ÏĈ��ê�ºĨĀáóĈÏĢº�áº�Ā�ÄóĄģ�Ą³ɐ��óėɭĄº�
Ąº�ááĩ�ó³ÏêÆ�êóģɌ

Emoji Explosion
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Brainstorm
�óė��ê�³Ą�ģ��êĩ�ºèóÛÏ�ĩóė�ģ�êđɯɠ���ĈèÏáÏêÆ�Ä�ºɊ���ģÏêÞÏêÆ�
Ä�ºɊ���Ä�º�ģÏđÌ�ĄóááÏêÆ�ºĩºĈɯɠ�óėêđáºĈĈ�óĀđÏóêĈ��Ąº��Ģ�Ïá�«áºɌ�
Or you can choose any other object to clone and create a popula-
đÏóêɐ�qđ�Ą���ĄĈ�qđóĄèđĄóóĀºĄĈɑ���á³óɑ��óģĈɑ�qÞÏđđáºĈ��ê³ĩ�
ĀÏººĈɑ��êĩ�ó«Ûºđ�ģóĄÞĈɊ�ÛėĈđ�ėĈº�ĩóėĄ�Ïè�ÆÏê�đÏóêɐ�zÏèº�đó�
Æºđɯó³ÏêÆɌ

zÌº�ó³º�ĩóė�ģĄÏđº�ÄóĄ�đÌÏĈ�ĀĄóÛºđ�ģÏáá�«º�ėĈºÄėá�ÄóĄ�è�êĩ�Æ�èºĈ�
�ê³�èó³ºáĈ�ĩóė�è�ĩ�ģ�êđ�đó�ó³º�«º�ėĈº�Ĉó�è�êĩ�ĀĄóÆĄ�èĈ�
ĄºăėÏĄº�è�ÞÏêÆɊ�Ĉ�đđºĄÏêÆɊ��ê³�èóĢÏêÆ���ĀóĀėá�đÏóê�óÄ�ó«ÛºđĈɐ

Start a New Project
�ºÆÏê�Ąº�đÏêÆ�ĩóėĄ�"èóÛÏ�"ĨĀáóĈÏóê�ĀĄóÆĄ�è�«ĩ�Ĉđ�ĄđÏêÆ���êºģ�
project as follows:

1. \Āºê�qĄ�đÌ��đ�https://scratch.mit.edu/. If prompted, 
ºê�«áº�,á�ĈÌ�đó�Ąėê�qĄ�đÌɐ�IóÆ�Ïê�đó�đÌº��óėêđ�ĩóė�Ąº-
�đº³�đó�ėĈº�qĄ�đÌ�ɞĈºº��Ì�ĀđºĄɯȪɟɐ

2. \ê�đÌº�qĄ�đÌ�Ìóèº�Ā�ÆºɊ�Ĉºáºđ��Ąº�đºɐ�\Ą�ÏÄ�ĩóėɭĄº��áĄº�³ĩ�
ģóĄÞÏêÆ�Ïê�qĄ�đÌɊ�ÌóóĈº�,Ïáº�➪   New from the menu bar.

��êºģ�ĀĄóÛºđ�óĀºêĈɐ

3. S�èº�ĩóėĄ�ĀĄóÆĄ�è�«ĩ�đĩĀÏêÆ���ê�èº�Ïê�đÌº�iĄóÛºđ�S�èº�
ÄÏºá³��đ�đÌº�đóĀ�óÄ�đÌº�qĄ�đÌ�ÏêđºĄÄ�ºɐ

4. �ėđ�qĄ�đÌ���đ�ÄĄóè�đÌº�ĀĄóÛºđ�«ĩ�áÏÞÏêÆ�đÌº���Ïê�đÌº�
qĄ�đÌ���đ�Ïóê�Ïê�đÌº�ĈĀĄÏđº��Ąº��Ïê�đÌº�áóģºĄɢĄÏÆÌđ�óĄêºĄɐ

Add a Backdrop
The backdrop�ÏĈ�đÌº�«�ÞÆĄóėê³�óáóĄ�óĄ�Ïè�Æº�đÌ�đ�ÄÏááĈ�đÌº�
screen of your toy.��³³���«�Þ³ĄóĀ��Ĉ�ÄóááóģĈɉ

1. �đ�đÌº�qđ�ÆºɊ�ÌóĢºĄ�óĢºĄ�đÌº��ÌóóĈº�����Þ³ĄóĀ�Ïóêɐ
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2. �áÏÞ�i�Ïêđ�ÄĄóè�đÌº�ĀóĀɢėĀ�èºêėɐ

The backdrop editor opens at the Backdrops tab. The default 
costume name for this backdrop is backdrop1ɐ��óė��ê�áº�Ģº�
đÌÏĈ�ê�èºɊ�óĄ�Ì�êÆº�Ïđɐ�9�Ì�êÆº³�èÏêº�đóɯnight.

3. �áÏÞ�đÌº��óêĢºĄđ�đó��Ïđè�Ā�«ėđđóêɐ

4. qºáºđ���,Ïáá�óáóĄɐ

9�Ĉºáºđº³�«á�ÞɊ�đó�è�Þº�đÌº�«�Þ³ĄóĀ�áóóÞ�áÏÞº�êÏÆÌđđÏèºɐ

5. �áÏÞ�đÌº�i�Ïêđ�«ėÞºđ��ê³�đÌºê�áÏÞ�đÌº�ºèĀđĩ�«�Þ³ĄóĀ�
ɞđÌº�ÌºÞºĄ«ó�Ą³�ĄºÆÏóêɟ�đó�ÄÏáá�đÌº�«�Þ³ĄóĀ�ģÏđÌ�ĩóėĄ�
Ĉºáºđº³�óáóĄɐ�,ÏÆėĄºɯȰɢȩ�ĈÌóģĈ�đÌº�ÄÏêÏĈÌº³�«�Þ³ĄóĀɐ

Add an Emoji Sprite
Draw an emoji sprite for your animated scene as follows:

1. 9ê�đÌº�ĈĀĄÏđº��Ąº��óÄ�đÌº�qĄ�đÌ�ÏêđºĄÄ�ºɊ�ÌóĢºĄ�óĢºĄ�đÌº�
�ÌóóĈº���qĀĄÏđº�Ïóêɐ

)LJXUH����b
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2. �áÏÞ�i�Ïêđ�đó�Ā�Ïêđ�ĩóėĄ�óģê�ĈĀĄÏđº�óĈđėèºɐ

zÌº�ĈĀĄÏđº�óĈđėèº�º³ÏđóĄ�óĀºêĈ��đ�đÌº��óĈđėèºĈ�đ�«ɐ�zÌº�
default costume name for this sprite is costume1. You can 
áº�Ģº�đÌÏĈ�ê�èºɊ�óĄ�Ì�êÆº�Ïđɐ�9�Ì�êÆº³�èÏêº�đó�yellow.

3. �Ĉº�đÌº�³Ą�ģÏêÆ�đóóáĈ�đó�³Ą�ģ�ĩóėĄ�ºèóÛÏ�ɞĈºº�,ÏÆėĄºɯȰɢȪɟɐ

zÌº�ĈĀĄÏđº��ĀĀº�ĄĈ�óê�đÌº�Ĉđ�Æºɐ��óêɭđ�ģóĄĄĩ��«óėđ�ÏđĈ�ĈÏįº�
because you can adjust that later.

4. 9ê�đÌº�ĈĀĄÏđº��đđĄÏ«ėđºĈ�º³ÏđóĄ�Ïê�đÌº�«óđđóèɢĄÏÆÌđ�óĄêºĄ�óÄ�
đÌº�qĄ�đÌ�ÏêđºĄÄ�ºɊ�º³Ïđ�đÌº�ê�èº�óÄ�đÌº�ĈĀĄÏđºɐ

The default name is Sprite1. I named my sprite emoji.

5. qđÏáá�Ïê�đÌº�ĈĀĄÏđº��đđĄÏ«ėđºĈ�º³ÏđóĄɊ�ĄºĈÏįº�ĩóėĄ�ĈĀĄÏđº�«ĩ�đĩĀ-
ÏêÆ���êºģ�êėè«ºĄ�Ïê�đÌº�qÏįº�ÄÏºá³��«óĢº�đÌº�ĈĀĄÏđºɐ

zÌº�³ºÄ�ėáđ�ĈÏįº�ÏĈ�100ɐ�9�Ì�êÆº³�đÌº�ĈÏįº�óÄ�èĩ�ºèóÛÏ�đóɯ20.

)LJXUH����b
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zÏêÞºĄ�ģÏđÌ�đÌº�³Ą�ģÏêÆ�đóóáĈ��ê³�đÌº�ÄÏáá�óáóĄĈ�Ïê�đÌº�ĈĀĄÏđº�
costume editor to see how each can be used to  produce different 
features for your emoji costume.

9Ä�ĩóė��³³���ĈĀĄÏđº��ê³�đÌºê�³ºÏ³º�ĩóė�³óêɭđ�ģ�êđ�ÏđɊ�ėđ�Ïđ�«ĩ�
áÏÞÏêÆ�đÌº���Ïê�ÏđĈ�Ïóêɐ

Code the Stage to Play a Sound
�ó³º�đÌº�Ĉđ�Æº�đó�Āá�ĩ���Ĉóėê³�đÌĄóėÆÌóėđ�ĩóėĄ��êÏè�đº³�Ĉºêºɐ�
You can choose which sound you want, and set it to play start to 
ÄÏêÏĈÌɊ�óĢºĄ��ê³�óĢºĄɊ��Ĉ�đÌº��êÏè�đÏóê�ĄėêĈɐ

1. �áÏÞ�đÌº�Ïóê�óÄ�ĩóėĄ�«�Þ³ĄóĀ�Ïê�đÌº�Ĉđ�Æº��Ąº�ɐ

2. \ê�đÌº��ó³º�đ�«�óÄ�đÌº�qĄ�đÌ�ÏêđºĄÄ�ºɊ�Ĉºáºđ�đÌº�"ĢºêđĈ�
Ïóêɐ��Ą�Æ���when green flag is clicked command to the 
�ó³º�ģóĄÞĈĀ�ºɐ

3. qºáºđ�đÌº��óêđĄóá�Ïóêɐ��Ą�Æ�đÌº�forever loop command to 
đÌº��ó³º�ģóĄÞĈĀ�ºɊ��ê³��đđ�Ì�Ïđ�đó�đÌº�ĀĄºĢÏóėĈ�óèè�ê³ɐ

The forever command is one of four loop-type control com-
mands. The other three are repeat, repeat until, and wait 
untilɐ�qºº�z�«áºɯȰɢȩ�ÄóĄ�³ºđ�ÏáĈɐ�ɞqºº�đÌº�ɩmºĀº�đ�IóóĀĈɪ�
sidebar for more information.)

4. qºáºđ�đÌº�qóėê³�Ïóêɐ��Ą�Æ�đÌº�play sound until done 
óèè�ê³�đó�đÌº��ó³º�ģóĄÞĈĀ�º��ê³��đđ�Ì�Ïđ�ÏêĈÏ³º�đÌº� 
forever�ºĢºêđ�óèè�ê³ɐ

5. �áÏÞ�đÌº�qóėê³Ĉ�đ�«�đó�óĀºê�đÌº�Ĉóėê³�º³ÏđóĄ�ÄóĄ�đÌº�Ĉđ�Æºɐ

6. �áÏÞ�đÌº���Ïê�đÌº�óĄêºĄ�óÄ�đÌº�ióĀ�Ĉóėê³�Ïóê�đó�³ºáºđº�Ïđ�
«º�ėĈº�ĩóė�ģóêɭđ�«º�ėĈÏêÆ�đÌÏĈ�Ĉóėê³ɐ

7. �áÏÞ�đÌº��ÌóóĈº���qóėê³�Ïóê�Ïê�đÌº�áóģºĄɢáºÄđ�óĄêºĄ�óÄ�đÌº�
qĄ�đÌ�ÏêđºĄÄ�ºɐ

zÌº�Ĉóėê³�áÏ«Ą�Ąĩ��ĀĀº�ĄĈ�óê�đÌº��ÌóóĈº���qóėê³�ĈĄººêɐ
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8. �áÏÞ�đÌº�Ïóê�ÄóĄ�đÌº�Ĉóėê³�ĩóė�ģ�êđ�đó��³³�đó�đÌº�Ĉđ�Æºɐ

9�Ĉºáºđº³��óóĀ��ÏêÆ��óĀɊ��Ĉ�ĩóė��ê�Ĉºº�Ïê�,ÏÆėĄºɯȰɢȫɐ�zÌÏĈ�ÏĈ�
��ģ�Þĩ��ė³Ïó�đĄ�Þ�đÌ�đ�Ĉóėê³Ĉ�áÏÞº�ºèóÛÏĈ�«óėêÏêÆ��Ąóėê³Ɍ

9. mºđėĄê�đó�đÌº��ó³º�đ�«ɐ

10. �áÏÞ�đÌº�đ�«�Ïê�đÌº�play sound until done command and 
select the sound you just added.

SóģɊ�ģÌºê�đÌº�ºê³�ėĈºĄ�áÏÞĈ�đÌº�ÆĄººê�Äá�ÆɊ�đÌº�Ĉóėê³�ĩóė�
�³³º³�đó�đÌº�Ĉđ�Æº�ģÏáá�Āá�ĩɊ�áóóĀÏêÆ�ÄóĄºĢºĄ�Ïê�đÌº�«�ÞÆĄóėê³ɐ�
,ÏÆėĄºɯȰɢȬ�ĈÌóģĈ�đÌº�óèĀáºđº³�ó³º�óê�đÌº�Ĉđ�Æºɐ

7DEOHb���Ʌ6FUDWFK�&RQWURO��/RRS��&RPPDQGV
Command Event
forever The code block runs forever, until the  

program stops.

repeat number The code block runs number times.

repeat until condition The code block runs until condition is met.

wait until condition The code block runs after condition is met.

)LJXUH����b
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�Ìºê�ģóĄÞÏêÆ�óê�đÌº�Ĉđ�Æº�óĄ�óê���ĈĀĄÏđºɊ�ĩóė�Ĉºº�óêáĩ�đÌº�ó³º�
�ĈĈóÏ�đº³�ģÏđÌ�đÌ�đ�ó«Ûºđɐ��óêɭđ�áºđ�đÌÏĈ�Ā�êÏ�ĩóėɯɠ�ĩóė�
Ì�Ģºêɭđ�áóĈđ��êĩ�ó³ºɌ

Code the Green Flag for  
the Emoji Sprite

zÌº�ºèóÛÏ�ĈĀĄÏđº�ĩóė�Ąº�đº³�ĈÌóėá³�Äóááóģ���ĈÏèĀáº�ĀĄóÆĄ�èɐ�9đ�
should show itself onscreen, clone itself to make more emojis, 
and then hide.

�ĄÏđº�đÌº�ÆĄººê�Äá�Æ�ĀĄóÆĄ�è�ÄóĄ�đÌº�ºèóÛÏ�ĈĀĄÏđº�«ĩ�ÄóááóģÏêÆ�
these steps:

1. qºáºđ�đÌº�Ïóê�óÄ�đÌº�ºèóÛÏ�ĈĀĄÏđº�Ïê�đÌº�ĈĀĄÏđº��Ąº�ɐ

2. \ê�đÌº��ó³º�đ�«�óÄ�đÌº�qĄ�đÌ�ÏêđºĄÄ�ºɊ�Ĉºáºđ�đÌº�"ĢºêđĈ�
Ïóêɐ��Ą�Æ���when green flag clicked�óèè�ê³�đó�đÌº��ó³º�
workspace.

)LJXUH����b
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3. qºáºđ�đÌº�IóóÞĈ�Ïóêɐ��Ą�Æ���show�óèè�ê³�đó�đÌº��ó³º�
ģóĄÞĈĀ�ºɊ��ê³��đđ�Ì�Ïđ�đó�đÌº�ĀĄºĢÏóėĈ�óèè�ê³ɐ

The emoji sprite must be displayed to be cloned. (This is an 
issue only if at some point you hide the sprite, which you 
ģÏáá�³ó��đ�đÌº�ºê³�óÄ�ĩóėĄ�è�Ïê�ĀĄóÆĄ�èɐɟ

4. qºáºđ�đÌº�Qĩ��áóÞĈ�Ïóêɐ��áÏÞ�đÌº�Q�Þº����áóÞ�«ėđđóê�đó�
create a new code block.

zÌº�Q�Þº����áóÞ�³Ï�áóÆ�«óĨ�óĀºêĈɐ

5. Name this new code block makeEmojis, as shown in 
,ÏÆėĄºɯȰɢȭɊ��ê³�áÏÞ�\Gɐ

The new block header is added to your workspace, and 
đÌºɯêºģ�«áóÞ�óèè�ê³Ɋ�makeEmojis is added to your 
�óèè�ê³Ĉ�Ïê�đÌº�Qĩ��áóÞĈ��đºÆóĄĩɐ

Cloning and Inheritance
Cloning means making an exact copy of an object. Some people have heard 
of cloning in the animal world. Back in 1996, at the University of Edinburgh, 
a sheep named Dolly was born, the first mammal successfully cloned from 
an adult cell. In programming, cloning allows a coder to quickly create as 
many copies as needed of an object, such as a sprite.

Cloning takes advantage of a programming idea called inheritance. Many 
programming languages use inheritance so that new objects can be easily 
created from parent objects. A clone inherits the attributes (costume, size, 
position, and direction) and all code of its parent sprite. Also, after you 
 create clones (also known as child objects), you can change them to add or 
remove attributes or bits of code. In this way, a child object can be mutated 
(changed to do something different) from its parent object.
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�óė�Ì�Ģºêɭđ�³ºÄÏêº³�ģÌ�đ�đÌº�makeEmojis code block does; 
ĩóė�³ó�đÌ�đ�Ïê�đÌº�êºĨđ�ĈºđÏóêɐ��ėđ�ÏĈêɭđ�Ïđ�êº�đ�đÌ�đ�ĩóė�
�êɯģĄÏđº�ĩóėĄ�è�Ïê�ĀĄóÆĄ�è�ģÏđÌóėđ�ģóĄĄĩÏêÆ��«óėđ�đÌ�đ�
³ºđ�Ïá�ÛėĈđ�ĩºđɑ

6. ,Ąóè�đÌº�Qĩ��áóÞĈ��đºÆóĄĩɊ�³Ą�Æ�đÌº�makeEmojis command 
đó�đÌº��ó³º�ģóĄÞĈĀ�ºɊ��ê³��đđ�Ì�Ïđ�đó�đÌº�show command.

7. �Ą�Æ���hide�óèè�ê³�đó�đÌº��ó³º�ģóĄÞĈĀ�ºɊ��ê³��đđ�Ì�Ïđ�
to the makeEmojis command.

�ÄđºĄ�đÌº�ºèóÛÏ�ĈĀĄÏđº�ĄėêĈ�makeEmojis, it hides. You hide it 
Ĉó�đÌ�đ�ĩóė�³óêɭđ�Ì�Ģº�đó�ģĄÏđº�óèè�ê³Ĉ�đó�è�Þº�Ïđ�
èóĢºɯɠ�ĩóėɭáá�Ì�Ģº�Āáºêđĩ�óÄ�ºèóÛÏ�áóêºĈ�èóĢÏêÆ��Ąóėê³�
the screen already.

qºº�,ÏÆėĄºɯȰɢȮ�ÄóĄ�đÌº�óèĀáºđº�green flag code for the emoji 
sprite.
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Code the makeEmojis Block
You created a makeEmojis code block header and command tile. 
Now write the code for that block. The makeEmojis code block 
áóêºĈ�đÌº�Ā�Ąºêđ�ºèóÛÏ�ĈĀĄÏđº�đó�Ąº�đº�è�êĩ�ºèóÛÏĈ�ºĨĀáó³ÏêÆ�
�áá�óĢºĄ�đÌº�ĈĄººêɐ

��clone�Ì�Ĉ��áá�óÄ�đÌº��đđĄÏ«ėđºĈ�ɞóĈđėèºɊ�ĈÏįºɊ�ĀóĈÏđÏóêɊ��ê³�
³ÏĄºđÏóêɟ�óÄ�ÏđĈ�Ā�Ąºêđ�ĈĀĄÏđº��ê³��ê�«º�è�³º�ėĈÏêÆ���clone 
óèè�ê³�Ïê�đÌº��óêđĄóá��đºÆóĄĩɐ��óė��ê�è�Þº�áóđĈ�óÄ�áóêºĈ�
«ĩ�ĀėđđÏêÆ���clone command in a simple loop. The repeat com-
è�ê³�ɞģÌÏÌ�ÏĈ��áĈó�Ïê�đÌº��óêđĄóá��đºÆóĄĩɟ�ÏĈ���ĈÏèĀáº�áóóĀ�
that lets you set the number of times you want it to execute.

�ĄÏđº�đÌº�ó³º�ÄóĄ�đÌº�makeEmojis code block as follows:

1. �óĄÞ��đ�đÌº�define makeEmojis code block header in the 
workspace.

2. qºáºđ�đÌº��óêđĄóá�Ïóêɐ��Ą�Æ���repeat�óèè�ê³�đó�đÌº��ó³º�
workspace, and attach it to the code block header. Type a 
number in the repeat command.

This number is how many times the repeat command will 
 execute. I set mine to 40.
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3. �Ą�Æ���create clone of�óèè�ê³�đó�đÌº��ó³º�ģóĄÞĈĀ�ºɊ�
and attach it inside repeatɐ�qºđ�đÌº�create clone of com-
mand to myself.

4. qºáºđ�đÌº�IóóÞĈ�Ïóêɐ��Ą�Æ���change color effect to the 
�ó³º�ģóĄÞĈĀ�ºɊ��ê³��đđ�Ì�Ïđ�đó�đÌº�create clone com-
mand, inside repeat. Type a number in the change color 
effect command.

zÌÏĈ�êėè«ºĄ�ÏĈ�Ìóģ�èėÌ�đÌº�óáóĄ�óÄ���áóêº�Ì�êÆºĈ�º�Ì�
time the repeat�óèè�ê³�ºĨºėđºĈɐ�9�Ĉºđ�đÌº�Ì�êÆº�đó�10ɐ���
Ĉè�áá�êėè«ºĄ�è�ÞºĈ�ĈáÏÆÌđ�óáóĄ�Ì�êÆºĈɊ��ê³���á�ĄÆº�êėè-
«ºĄ�è�ÞºĈ�«ÏÆÆºĄ�óáóĄ�Ì�êÆºĈɐ�zÌº�define makeEmojis code 
«áóÞ�ÏĈ�êóģ�óèĀáºđºɐ�qºº�,ÏÆėĄºɯȰɢȯɐ

Code when I start as a clone  
for the Emoji Sprite

�Ìºê�đÌº�ÆĄººê�Äá�Æ�ĀĄóÆĄ�è�óÄ�đÌº�ºèóÛÏ�ĈĀĄÏđº�ĄėêĈɊ�Ïđ�Ąº�đºĈ�
áóêºĈɐ�zÌº�áóêºĈ�êºº³�ÏêĈđĄėđÏóêĈɌ�"�Ì�áóêº�êºº³Ĉ�đó�Äóááóģ�
óêº�ÏêĈđĄėđÏóêɉ�ºĨĀáó³ºɌ

)LJXUH����b
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�ĄÏđº�đÌº�when I start as a clone�ĀĄóÆĄ�è�«ĩ�ÄóááóģÏêÆ�đÌºĈº�
steps:

1. qºáºđ�đÌº�ºèóÛÏ�ĈĀĄÏđºɐ

2. qđÏáá�ģóĄÞÏêÆ�Ïê�đÌº��ó³º�đ�«�óÄ�đÌº�qĄ�đÌ�ÏêđºĄÄ�ºɊ�Ĉºáºđ�
đÌº��óêđĄóá�Ïóêɐ

�Ą�Æ���when I start as a clone�óèè�ê³�đó�đÌº��ó³º�
workspace.

zÌº�óèè�ê³�ĩóė��đđ�Ì�đó�đÌÏĈ�ºĢºêđ�ģÏáá�ºĨºėđº�º�Ì�đÏèº�
a new clone is created.

3. qºáºđ�đÌº�Qĩ��áóÞĈ�Ïóêɐ��áÏÞ�đÌº�Q�Þº����áóÞ�«ėđđóê�đó�
create a new code block.

zÌº�Q�Þº����áóÞ�³Ï�áóÆ�«óĨ�óĀºêĈɐ

4. Name this new code block explode��ê³�áÏÞ�\Gɐ

The new block header is added to your workspace, and the 
new block command, explode, is added to your  commands in 
đÌº�Qĩ��áóÞĈ��đºÆóĄĩɐ�zÌº�makeEmojis command is there, 
đóóɌ�ɞqºº�,ÏÆėĄºɯȰɢȰɟɐ

�óė�Ì�Ģºêɭđ�³ºÄÏêº³�ģÌ�đ�explode does; you do that in the 
next section. But now you can use the explode command.

)LJXUH����b
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5. ,Ąóè�đÌº�Qĩ��áóÞĈ��đºÆóĄĩɊ�³Ą�Æ�đÌº�explode command to 
đÌº��ó³º�ģóĄÞĈĀ�ºɊ��ê³��đđ�Ì�Ïđ�đó�đÌº�when I start as a 
clone command.

qºº�,ÏÆėĄºɯȰɢȱ�ÄóĄ�đÌº�óèĀáºđº�when I start as a clone pro-
ÆĄ�è�ÄóĄ�đÌº�ºèóÛÏ�áóêºĈɐ

Code the explode Block for  
the Emoji Clones

You created an explode code block header and command tile. 
Sóģ�ĩóė�êºº³�đó�ģĄÏđº�đÌº�ó³º�đó�ĀĄóĢÏ³º�ÏêĈđĄėđÏóêĈ�ÄóĄ�
explode. This code should make each clone scatter to a random 
ĀóĈÏđÏóêɊ�ĀóÏêđ�Ïê���Ą�ê³óè�³ÏĄºđÏóêɊ��ê³�èóĢºɐ

Follow these steps to write the code:

1. �óĄÞ��đ�đÌº�define explode code block header in the 
workspace.

2. qºáºđ�đÌº�QóđÏóê�Ïóêɐ��Ą�Æ���go to random position com-
è�ê³�đó�đÌº��ó³º�ģóĄÞĈĀ�ºɊ��ê³��đđ�Ì�Ïđ�đó�đÌº�ó³º�«áóÞ�
header.

3. �Ą�Æ���point in direction�óèè�ê³�đó�đÌº��ó³º�ģóĄÞ-
ĈĀ�ºɊ��ê³��đđ�Ì�Ïđ�đó�đÌº�ĀĄºĢÏóėĈ�óèè�ê³ɐ

4. qºáºđ�đÌº�\ĀºĄ�đóĄĈ�Ïóêɐ��Ą�Æ���pick random command to 
the value field of the point in direction�óèè�ê³ɐ�qºđ�đÌº�
Ą�êÆº�óÄ�³ÏĄºđÏóê��êÆáºĈ�ÄĄóè�0 to 360.

)LJXUH����b
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5. qºáºđ�đÌº��óêđĄóá�Ïóêɐ��Ą�Æ���forever�óèè�ê³�đó�đÌº��ó³º�
ģóĄÞĈĀ�ºɊ��ê³��đđ�Ì�Ïđ�đó�đÌº�ĀĄºĢÏóėĈ�óèè�ê³ɐ

The code block you will build inside this command will exe-
ėđº�ÄóĄºĢºĄ�ėêđÏá�đÌº�qđóĀ�«ėđđóê�ÏĈ�áÏÞº³ɐ

6. qºáºđ�đÌº�QóđÏóê�Ïóêɐ��Ą�Æ���move steps command to the 
�ó³º�ģóĄÞĈĀ�ºɊ��ê³��đđ�Ì�Ïđ�ÏêĈÏ³º�foreverɐ�qºđ�đÌº�êėè-
«ºĄ�đó�ĈđºĀĈ�«ĩ�đĩĀÏêÆ�Ïê�êėè«ºĄɐ

zÌº�á�ĄÆºĄ�đÌº�êėè«ºĄɊ�đÌº�Ä�ĈđºĄ�º�Ì�ºèóÛÏ�áóêº�èóĢºĈɐ�
9ɯĈºđ�èÏêº�đó���Ģ�áėº�óÄ�10.

7. �Ą�Æ��ê�if on edge, bounce�óèè�ê³�đó�đÌº��ó³º�ģóĄÞ-
space, and attach it inside the forever command.

zÌÏĈ�óèè�ê³��ėĈºĈ��ê�ºèóÛÏ�áóêº�đó�«óėêº�óÄÄ�đÌº�º³ÆºĈ�
óÄ�đÌº�ĈĄººê��ê³�óêđÏêėº�èóĢÏêÆɐ

The explode code block is now complete, and should look like 
,ÏÆėĄºɯȰɢȩȨɐ

)LJXUH�����b
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,ÏÆėĄºɯȰɢȩȩ�ĈÌóģĈ��áá�đÌº�ó³º�ÄóĄ�đÌº�ºèóÛÏ�ĈĀĄÏđºɐ�Sóđº�đÌ�đ�
đÌºɯó³º�ÄóĄ�đÌº�Ĉđ�Æº��ê³�ÄóĄ�đÌº�ºèóÛÏ�ĈĀĄÏđº�«óđÌ�Ąėê�ģÌºê�
đÌºɯÆĄººê�Äá�Æ�ÏĈ�áÏÞº³ɐ�zÌÏĈ�èº�êĈ�đÌºĩ�Ąėê�Ïê�Ā�Ą�ááºá�ɞĈºº�
�Ì�ĀđºĄɯȬɟɯɠ�đÌº�èėĈÏ�óê�đÌº�Ĉđ�Æº�ĄėêĈ�ÄóĄºĢºĄ�ģÌÏáº�đÌº�
ºèóÛÏɯáóêºĈ�èóĢº��ê³�«óėêº�ÄóĄºĢºĄɌ

Save, Test, and Debug Your Program
S�èº�ĩóėĄ�ĀĄóÛºđ�«ĩ�đĩĀÏêÆ�Ïê�đÌº�zÏđáº�ÄÏºá³��đ�đÌº�đóĀ�óÄ�đÌº�
qĄ�đÌ�ÏêđºĄÄ�ºɐ��Ĉ�ĩóė�ģóĄÞɊ�qĄ�đÌ��ėđóè�đÏ�ááĩ�Ĉ�ĢºĈ�ĩóėĄ�
ĀĄóÆĄ�è�Ïê�đÌº�áóė³Ɋ�Ĉó�ĩóė�³óêɭđ�Ì�Ģº�đó�đ�Þº��êĩ�ĈĀºÏ�á�
�đÏóêĈ�đó�Ĉ�Ģº�ĩóėĄ�ģóĄÞɐ

zºĈđ�ĩóėĄ�ĀĄóÆĄ�è��ê³�ÄÏĨ��êĩ�«ėÆĈ�đó�ºêĈėĄº�đÌ�đ�Ïđ�ģóĄÞĈ�đÌº�
ģ�ĩ�ĩóė�ģ�êđ�Ïđ�đóɐ�ɞqºº��Ì�ĀđºĄɯȫ�ÄóĄ�ÌºáĀ�óê�³º«ėÆÆÏêÆ�qĄ�đÌ�
ĀĄóÆĄ�èĈɐɟ

)LJXUH�����b
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Share Your Program with the World
�ÄđºĄ�ĩóėĄ�ĀĄóÆĄ�è�óĀºĄ�đºĈ�ĀºĄÄºđáĩɊ�ÏđɭĈ�đÏèº�đó�ĈÌ�Ąº�ÏđɌ�qºđ�
đÌº�Ĉđ�đėĈ�óÄ�ĩóėĄ�ĀĄóÆĄ�è�đó�qÌ�ĄºɊ��ê³�đÌºê��³³�đó�ĩóėĄ�ĀĄóÛ-
ºđ�Ā�Æº���³ºĈĄÏĀđÏóê�óÄ�ĩóėĄ�ĀĄóÆĄ�è��ê³�³ÏĄºđÏóêĈ�óê�Ìóģ�đó�
Ąėê�Ïđɐ�qºº��Ì�ĀđºĄɯȩȱ�ÄóĄ�³ºđ�ÏáĈ�óê�ĈÌ�ĄÏêÆ�ĩóėĄ�ĀĄóÆĄ�èĈɐ

Enhance Your Animated Scene
�óêĈÏ³ºĄ�ºêÌ�êÏêÆ�ĩóėĄ�"èóÛÏ�"ĨĀáóĈÏóê��êÏè�đº³�Ĉºêº�ģÏđÌ�
new features:

 ✓ New emoji costumes:�EėĈđ�óĀºê�đÌº��óĈđėèºĈ�đ�«��ê³�³Ą�ģ���
new costume.

 ✓ New sounds:��³³�³ÏÄÄºĄºêđ�Ĉóėê³Ĉ�đó�đÌº�«�Þ³ĄóĀɐ

 ✓ New backdrop:�9êĈđº�³�óÄ�Ā�ÏêđÏêÆ���ĈÏèĀáºɊ�ĈóáÏ³��«�Þ³ĄóĀ�
ÄóĄ�đÌº�Ĉđ�ÆºɊ�Ĉºáºđ�đÌº��ÌóóĈº�����Þ³ĄóĀ�Ïóê�đó��³³��ê�
ºĨÏđÏêÆ�áó�đÏóê�ģÌºĄº�ĩóėĄ�ºèóÛÏ��ê�«óėêº��Ąóėê³Ɍ

Setting Position
Coordinates are the mathematical way of naming a position on a graph.  
In two dimensions, like your screens in Scratch, App Lab, and MakeCode 
IRUbPLFUR�ELW��FRRUGLQDWHV�DUH�GHVFULEHG�DV�D�SDLU�RI�YDOXHV��[��\���7KH�ILUVW�
number is the x-coordinate (position left to right) and the second number is 
the y-coordinate (position top to bottom).

In Scratch, the coordinate (0,0) is called the origin and is located at the  
center of the screen. The x-axis runs left to right across the screen, with  
x-coordinate values ranging from –240 at the far left to 240 at the far right. 
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The y-axis runs top to bottom down the screen, with y-coordinate values 
ranging from 180 at the very top down to –180 at the very bottom. See the 
figure to locate the x-axis, the y-axis, and the coordinates of the origin and 
each corner of the screen in Scratch.

When working in Scratch, you can set the position of a sprite using the  
go to x: y: command. For example, to set the position of a hero in a 
game at the center of the screen, you could use the command go to x: 0 
y: 0. To place a sprite at a random position, you can use go to random 
position.

ΖQ�$SS�/DE��WKH�VFUHHQ�LV�VHW�XS�VR�WKDW�WKH�RULJLQbȃ�WKH�FRRUGLQDWH������bȃ� 
is at the top-left corner of the screen. The x-axis runs left to right across the 
screen, with x-coordinates ranging from 0 at the far left to 320 at the far 
right. The y-axis runs top to bottom down the screen, with y-coordinates 
ranging from 0 at the top of the screen to 450 at the bottom. The center of 
the screen is located at the coordinate (160, 225). The figure shows the x-axis, 
y-axis, center, and coordinates of each corner of the screen in App Lab.
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ΖQ�0DNH&RGH��\RX�FDQ�VHW�SRVLWLRQV�RQ�WKH�PLFUR�ELW�VFUHHQbȃ�D�YHU\�VPDOO�
/('�JULG�ZLWK�MXVW����SRLQWV��7KH�PLFUR�ELW�LV�VHW�XS�VR�WKDW�WKH�RULJLQbȃ� 
WKH�FRRUGLQDWH�������bȃ�LV�DW�WKH�WRS�OHIW�FRUQHU��7KH�[�D[LV�UXQV�OHIW�WR�ULJKW�
across the screen, with x-coordinates having values from 0 to 4. The y-axis 
runs top to bottom down the screen, with y-coordinates having values 
IURPb��WR����+HUH�DUH�WKH��[��\��FRRUGLQDWHV�RI�DOO�WKH�/('�SRVLWLRQV�RQ�WKH�
PLFUR�ELW�

(0,0) (1,0) (2,0) (3,0) (4,0)

(0,1) (1,1) (2,1) (3,1) (4,1)

(0,2) (1,2) (2,2) (3,2) (4,2)

(0,3) (1,3) (2,3) (3,3) (4,3)

(0,4) (1,4) (2,4) (3,4) (4,4)

The figure shows the text-based code (JavaScript) in MakeCode for lighting 
XS�D�GLDJRQDO�OLQH�RQ�WKH�PLFUR�ELW��7KH�ȊOLQHȋ�UXQV�IURP�WKH�WRS�OHIW�FRUQHU�
at (0, 0) to the bottom-right corner at (4, 4).
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Setting Direction
When working in Scratch, you can make a sprite point in a direction by turn-
ing it. Directions are indicated by an angle value (the number of degrees) 
from 0 to 360. Because a full circle consists of 360 degrees, an angle of  
0 degrees is the same as an angle of 360 degrees.

The turn right and turn left commands are relative turn commands 
because they turn the sprite relative to where it currently points. For each 
of these commands, you must type a number for the angle (the number of 
degrees) you want the sprite to turn. Turn right 90�LV�D�ȊKDUG�ULJKW�ȋ�DQG�
turn left 90�LV�D�ȊKDUG�OHIW�ȋ�$�WXUQ�RI����bLQ�HLWKHU�GLUHFWLRQ�SRLQWV�WKH�
sprite in the opposite direction from where it pointed before the turn.

The point in direction command is an absolute turn command because it 
causes the sprite to point to the selected heading regardless of where it was 
pointing before the turn. So, point in direction 0 is the direction north, 
point in direction 90 is east, point in direction 180 is south, and 
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point in direction -90 is west. (Note that point in direction -90 is 
the same as point in direction 270.) See the figures.



129  Chapter 8: Emoji Explosion

Moving
Motion can be coded by making an object change its position from one 
coordinate to another coordinate, over and over. In Scratch, you can code 
motion in three ways. The first way is to place a move command (from the 
Motion category) inside a repeat command (from the Control category). 
Big moves, such as repeat forever [move 50], make an object go faster 
than small moves, such as repeat forever [move 10]. You can also set 
speed by adding a wait command (from the Control category) to each 
move. For example, repeat forever [move 10 wait 1] makes an object 
move faster than repeat forever [move 10 wait 2].

The second way to make a sprite move in Scratch is by using the glide 
command (from the Motion category). Specify the number of seconds 
IRUbWKH�JOLGH�WR�FUHDWH�VPRRWK�PRWLRQ��JUHDW�IRU�IORDWLQJ�DQG�VZLPPLQJ�
sprites).

The third way to make an object move in Scratch is by using the change 
x by and change y by commands. Change x by moves the sprite left 

Point towards points the sprite towards something else on the screen. 
Options consist of mouse pointer or any other sprite on the screen.

Lastly, when setting direction in Scratch, you can decide how you want the 
sprite to face. The direction indicator has three facing options. The first 
option (the circle arrow) makes the sprite rotation match its direction. The 
second option (the mirror image arrows) makes the sprite flip left and right 
but not up and down. For example, a person sprite would face left or right, 
but he would not stand on his head! The third option (the circle arrow with 
WKH�OLQH�WKURXJK�LW��IUHH]HV�WKH�ORRN�RI�WKH�VSULWH��ΖW�FDQ�VWLOO�SRLQW�DQG�PRYH�
in any direction, but its appearance won’t match its heading.

When working in App Lab, MakeCode, and JavaScript in general, be aware 
that these programs don’t make much use of direction commands. (The 
only exception is the Turtle command category in App Lab.)
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6LPSOH�5HSHDW�/RRSV
Sequence, selection, and repetition are the three key processes in any 
�FRPSXWHU�SURJUDP��VHH�&KDSWHUb����5HSHWLWLRQ�DOORZV�VHFWLRQV�RI�FRGH�WR�
execute over and over, or loop. Coding loops allows you to make your pro-
grams more efficient by identifying the code blocks to be repeated, and 
WKHQ�LGHQWLI\LQJ�KRZ�RIWHQ�WKH\�ZLOO�EH�UHSHDWHGbȃ�\RX�GRQȇW�KDYH�WR�NHHS�
typing the same code over and over again! In these first chapters, the types 
of loops you code are fairly simple.

6FUDWFK�XVHV�IRXU�ORRS�VWUXFWXUHV��forever, repeat, repeat until, and 
wait until. Each loop offers a different way to control when code will be 

RUbULJKW��ZKHQ�WKH�FRPPDQG�LV�IROORZHG�E\�D�QHJDWLYH�RU�D�SRVLWLYH�QXPEHU��
respectively). Change y by moves the sprite up or down (when the com-
mand is followed by a positive or a negative number, respectively). The time 
in which each move runs affects how the user sees the speed of the moving 
object.

In App Lab, you can create motion by changing the coordinates of an object 
and specifying how often the move occurs by using the timedLoop(1000, 
function() { }) command, located in the Control category. The default 
time of the timed loop is 1000 milliseconds, but you can set the time to any 
value you want. Another way you can control motion in App Lab is to change 
the coordinates of an object and add a wait time between each change by 
using the setTimeout(function() { } 1000) command, also located in 
the Control category. Again, you set the milliseconds value.

2Q�WKH�PLFUR�ELW��PRWLRQ�LV�DFFRPSOLVKHG�E\�FKDQJLQJ�WKH�FRRUGLQDWHV�RI�D�
light on the LED screen and adding a wait time between moves. In MakeCode, 
several command categories include a wait command, including pause(100) 
in the Basic category.
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1HZ�%ORFNV��DND�)XQFWLRQV�
Programming languages have built-in commands called primitives. Think 
RIbSULPLWLYHV�DV�LQJUHGLHQWV�IRU�PDNLQJ�D�ELUWKGD\�FDNH�DQG�WKH�FRPSXWHU�
program as the recipe.

Sometimes, it’s easier to understand a computer program or a recipe if 
ZHbJURXS�UHODWHG�LQVWUXFWLRQV��:KHQ�EDNLQJ�D�ELUWKGD\�FDNH��\RX�PDNH�
WKHbFDNH��\RX�PDNH�WKH�IURVWLQJ��DQG�\RX�SXW�WKHP�WRJHWKHU��7KH�UHFLSH�IRU�
WKH�ELUWKGD\�FDNH�LQFOXGHV�D�ȊIURVWLQJȋ�LQJUHGLHQW��EXW�WKH�LQVWUXFWLRQV�IRU�
making frosting might be on the next page. Instead of explaining all the 
steps for making frosting in the middle of the cake program, the frosting 
ingredient represents a smaller program with ingredients and instructions 
of its own.

repeated and how many times it is repeated. Forever loops run the code 
block over and over until the program is finished. These loops are great for 
ongoing processes such as playing background music in a game. Repeat 
loops specify an exact number of time the loop will run. A repeat loop is 
useful when you know exactly how many times you want a loop structure to 
execute, such as cloning 5 players for a basketball team, or counting down 
a 60-second timer in a game. The repeat until loop executes until a con-
dition is met, and wait until delays execution until a condition is met.

Every programming language, including App Lab and MakeCode, uses 
loops. App Lab offers timed loops, a while loop (which executes while a 
condition is met), and a for loop. MakeCode features a forever loop, a 
while loop, and a for loop. You’re probably wondering what a for loop is. 
The for loop is a more complex loop structure. It’s similar to the repeat 
loop in Scratch but uses a variable to count through the loop. You make use 
of the for() loop after you work with variables. Numbers variables are 
�FRYHUHG�LQ�&KDSWHUb���DQG�for�ORRSV�DUH�FRYHUHG�LQ�&KDSWHUb���
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By representing this smaller part of the birthday cake with a new name 
�ȊIURVWLQJȋ��DQG�LQVWUXFWLRQV�IRU�PDNLQJ�WKH�IURVWLQJ��WKH�HQWLUH�UHFLSH�ZULWLQJ�
SURFHVV�LV�VLPSOLILHG��ΖQ�SURJUDPPLQJ�ODQJXDJHV��WKH�VPDOOHU�ȊIURVWLQJȋ�SUR-
gram is called a sub-program. Scratch calls these sub-programs blocks, while 
App Lab and MakeCode call them functions. (Older programming languages 
called them procedures.) You can create as many new blocks (or functions) as 
\RX�ZDQW�DQG�WKHQ�LQFOXGH�WKHP�LQ�\RXU�SURJUDPV��+RZHYHU��D�QHZ�EORFN�
exists only within the program where you made it. Also, the new block exe-
cutes exactly the same way every time you use it.

You can customize some new blocks (functions).  For example, you can 
include one or more pieces of information, called parameters, with the func-
tion. The parameter gives extra detail about how to run the function. For 
H[DPSOH��WKHbfrosting recipe function might include a parameter that indi-
FDWHV�KRZbPDQ\�VHUYLQJV�WKH�UHFLSH�ZLOO�PDNHbȃ�frosting(8) could repre-
VHQW�DbIXQFWLRQ�WKDW�SURGXFHV�IURVWLQJ�IRU�HLJKW�VHUYLQJV�RI�FDNH���<XP��
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A theremin is an odd electronic instrument, patented in 
1928 and known for its spacey sounds. A musician plays a 
theremin without ever touching it! To make music notes, she 
èóĢºĈ�óêº�Ì�ê³�Ïêđó�³ÏÄÄºĄºêđ�ĀóĈÏđÏóêĈ�êº�Ą��ɯèºđ�á�Ąó³�
sticking out of the top of the theremin. To adjust the loudness 
of each note, she moves her other hand near a metal loop 
sticking out of the side of the theremin.

https://en.wikipedia.org/wiki/Theremin#/media/File:Theramin-Alexandra-Stepanoff-1930.jpg

Light Theremin
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In this project, you code and play your own version of a there-
min using MakeCode for micro:bit. You make music with your 
theremin by moving your hand or shining a flashlight to control 
the quantity of light that falls on a light sensor. The light sensor 
on the micro:bit can read values from 0 (dark) to 255 (bright 
light). The code reads the input light level (a variable) and then 
uses advanced conditional statements to decide which sound to 
play. These more advanced conditionals, called if-then-else if-
else commands, allow your program to branch to many different 
decisions based on different variable values.

You can then transfer your code to a micro:bit, attach a few 
wires and some earbuds and have a real working theremin!

The LED light grid on the front of the micro:bit acts as a light 
sensor and light level meter for the device. LED lights are direc-
tional; they light up only when they are connected to an electri-
cal circuit in one direction. When they are connected in the 
opposite direction, they can perform the opposite process: They 
take in light energy and produce a tiny bit of electricity. So in 
this project, the LEDs take in the light shining on them and then 
produce an electrical signal to tell a device to play a sound!

Brainstorm
The MakeCode interface includes commands for producing all 
đÌº�êóđºĈ�ÄĄóè�áóģ���đó�ÌÏÆÌ��ɐɯ"Ģºê�ÏÄ�ĩóė�³óêɭđ�Þêóģ��êĩđÌÏêÆ�
about music, you can select any notes you want your theremin 
to play on the micro:bit. If you do know a little about music, you 
might choose to select notes that form a chord, such as middle 
C, E, G, and high C, which form the C major chord. Regardless of 
what musical notes you choose to code, your finished theremin 
ģÏáá�áóóÞ�ĈóèºđÌÏêÆ�áÏÞº�,ÏÆėĄºɯȩȬɢȩɐ�.ºđ�ó³ÏêÆ�«ĩ�ÄóááóģÏêÆ�
these steps.
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Start a New Project
Begin creating your theremin gadget by starting a new project 
as follows:

1. Open MakeCode for micro:bit at https://makecode. 
microbit.org.

2. On the micro:bit home page, click the big New Project button 
in the middle of the screen.

A new project opens and displays the workspace.

3. Name your project by typing a name in the Project Name 
field at the bottom of the micro:bit interface.

4. Click the Save button next to the Project Name field to save 
your project.

)LJXUH�����b
File:Flashlight CleanBackground.png - Wikimedia Commons
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Code the First Sound Conditional
Write your code for the Light Theremin project in the 
 workspace. You can work in Blocks mode or JavaScript text 
mode. The example shows code written in Blocks mode.

You code the theremin to run its code forever, without a starting 
event. Follow these steps:

1. Keep the forever command in the workspace. Drag the on 
start command back to the command area, or else click it 
and press the Delete key on your keyboard.

zÌº�ó³º�«áóÞ�ĩóėɭáá�«º�Ąº�đÏêÆ�ģÏáá�Ąėê�ÄóĄºĢºĄ��Ĉ�Ĉóóê��Ĉ�
you click the Play icon (the green triangle below the simula-
tor). On a physical micro:bit, the code will run as soon as it 
is transferred to the micro:bit.

2. Select the Logic category of commands, and drag the if 
true then command to the workspace, placing it inside 
đÌºɯforever command. The command looks like this:

3. From the Logic category of commands, drag the 0 = 0 
command to the workspace. Make the 0 = 0 command the 
condition of the if true then command (that is, replace 
true).

The condition is the if part of the if true then command. 
Note that the hexagon shape of the 0 = 0 command fits inside 
the if condition.
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4. Change the 0 = 0 condition to MJHIU�MFWFM������ as fol-
lows. From the Input category of commands, drag the light 
level variable to the first 0, replacing it. Click the tab where 
the equals sign (=) is located and change the operator to �. 
Type ��� in the field following the ≥ operator.

The command looks like this:

5. Complete the if-then conditional by adding a consequence as 
follows. From the Music category of commands, drag the 
play tone Middle C for 1 beat command inside the if-
then conditional command. The command looks like this:
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In the play tone Middle C for 1 beat command, click the 
note name (Middle C). This opens a piano keyboard where you 
�ê�Ĉºáºđ���êºģ�êóđºɊ��Ĉ�ĈÌóģê�Ïê�,ÏÆėĄºɯȩȬɢȪɐ�qºáºđ�High C.

zºĈđ�Ìóģ�ĩóėĄ�ó³ÏêÆ�ÏĈ�ģóĄÞÏêÆ�Ĉó�Ä�Ąɐ��áÏÞ�đÌº�ÆĄººê�iá�ĩɯÏóê�
on the simulator. Note the circle-shaped light meter, which 
measures the quantity of light falling on the micro:bit, in the 
upper-left corner. The default light level for the simulator is 128.

Using the mouse pointer, click and hold down on the  dividing 
line where the yellow touches the gray inside the circle. Drag 
the line up and down to manually decrease and increase, 
respectively, the value of the light sensor variable. (The simula-
tor is not changing the light level; it simply allows you to test 
how the micro:bit behaves under different lighting conditions.) 
If you reach a value of 200 or more, the micro:bit simulator 
plays the high C note.

Note that the simulator shows the micro:bit sending an electri-
cal signal to Pin 0, and that Pin 0 is connected to an external 
speaker. The simulator shows this because the physical micro:bit 
board has no built-in speaker, but it can set a voltage at a pin 
(connection point), which causes a connected speaker to play a 
Ĉóėê³ɐ�qºº�,ÏÆėĄºɯȩȬɢȫɐ

)LJXUH�����b
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Code More Sound Conditionals
Continue writing your Light Theremin code in the workspace. 
Code more sound conditionals, with each sound conditional 
responding to a different light level.

Note that you will use a series of if-then-else conditionals to 
decide which sound to play. See the “Advanced Conditionals”  
sidebar.

1. At the if then conditional you have already placed in your 
code, click the small plus sign (+) located in the lower-left 
corner of the conditional.

This adds an else�óèè�ê³�đó�đÌº�óê³ÏđÏóê�áɐ��óėɭĄº�êóđ�
done yet!

)LJXUH�����b
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Advanced Conditionals
Conditionals can be simple if-then�FRPPDQGV��VHH�&KDSWHUb�����RU�WKH\�
can be more advanced if-then-else commands. Depending on the 
Boolean value (true or false��RI�D�FRQGLWLRQ��D�SDWK�LV�VHOHFWHG�IRU�WKH�
next command to be executed in the program.

The if-then-else�FRPPDQG�LV�D�FRPPRQ�FRPPDQG�IRU�PDNLQJ�\RXU�
FRGH�VHOHFW�RQH�RI�WZR�GLIIHUHQW�SDWKV�WR�UXQ���6HH�&KDSWHUb��IRU�GHWDLOV�RQ�
selection.��)RU�H[DPSOH��ZKHQ�SOD\LQJ�D�JDPH�DSS�ZLWK�D�WLPHU��if there is 
WLPH�OHIW�RQ�WKH�FORFN��then�\RX�FDQ�NHHS�SOD\LQJ��else�WKH�JDPH�LV�RYHU��%\�
H[SDQGLQJ�IURP�DQ�if-then to an if-then-else�FRQGLWLRQDO��\RX�FDQ�
HQVXUH�WKDW�\RX�FUHDWH�D�VSHFLILF�RXWFRPH�IRU�ERWK�SRVVLEOH�VWDWHV�RI�WKH�
condition.

Here’s another example: “If�LW�LV�FROG�RXWVLGH��then�Ζ�ZLOO�ZHDU�D�FRDW��else�ΖbZLOO�
ZHDU�D�VZLPVXLW�ȋ�7KLV�VWUXFWXUH�SURYLGHV�\RX�PRUH�FRQWURO�RYHU�WKH�FRQVH-
TXHQFHV�RI�WKH�GHFLVLRQ��:KHQ�WKH�FRQGLWLRQ�LV�true��\RX�PDNH�RQH�GHFLVLRQ��
DQG�ZKHQ�WKH�FRQGLWLRQ�LV�false��\RX�PDNH�D�GLIIHUHQW�GHFLVLRQ��:LWKRXW�WKH�
else,�\RX�ZRXOG�KDYH�H[LWHG�WKH�FRQGLWLRQDO�ZLWKRXW�WDNLQJ�DQ\�DFWLRQ��)RU�
H[DPSOH��\RX�GRQȇW�NQRZ�ZKDW�WR�ZHDU�LI�LW�LVQȇW�FROG�RXWVLGH�

:KHQ�QHHGHG��FRQGLWLRQDOV�FDQ�EH�HYHQ�PRUH�FRPSOH[��WDNLQJ�WKH�IRUP�RI�
if-then-else if-else�FRPPDQGV��DV�LQ�WKH�/LJKW�7KHUHPLQ�SURMHFW���7KLV�
VWUXFWXUH�OHWV�\RX�FUHDWH�PDQ\�DOWHUQDWLYH�RXWFRPHV�E\�DGGLQJ�DV�PDQ\�
else if�VWDWHPHQWV�DV�\RX�QHHG��)RU�H[DPSOH��ȊIf�LW�LV�OHVV�WKDQ���bGHJUHHV��
then�Ζ�ZLOO�ZHDU�D�FRDW��else if�LW�LV�OHVV�WKDQ����GHJUHHV��Ζ�ZLOO�ZHDU�D�OLJKW�
MDFNHW��else if�LW�LV�OHVV�WKDQ����GHJUHHV��Ζ�ZLOO�ZHDU�VKRUWV�DQG�D�7�VKLUW��else 
ΖbZLOO�ZHDU�D�VZLPVXLW�ȋ�1RWH�WKDW�WKH�else�DW�WKH�HQG�RI�\RXU�GHFLVLRQ�LV�
H[HFXWHG�RQO\�ZKHQ�DOO�RI�WKH�if and else if statements are false. The 
else�LV�D�FDWFKDOO�LQ�\RXU�FRQGLWLRQDO�EHFDXVH�LW�FDWFKHV�DOO�WKH�FDVHV�WKDW�
DUH�QRW�FDXJKW�E\�WKH�SUHYLRXV�VWDWHPHQWV��ΖW�LV�WKH�ȊRXWFRPH�RI�ODVW�
UHVRUW�ȋ

3XWWLQJ�WRJHWKHU�PDQ\�else if�VWDWHPHQWV�LQ�D�FRQGLWLRQDO�DOORZV�\RX�
WRbFUHDWH�D�conditional sieve:�WKH�GLIIHUHQW�OHYHOV�RI�else if statements 
DOORZ�\RX�WR�E\SDVV�D�FRQGLWLRQ�WKDW�LV�false�DQG�JHW�ȊFDXJKWȋ�E\�D�
�FRQGLWLRQ�ZKHQ�LW�LV�true��2QFH�FDXJKW��D�VWDWHPHQW�FDQȇW�EH�FDXJKW�DJDLQ��
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2. At the if then else conditional, click the small plus sign (+) 
three more times.

You now have one if-then, three instances of else if, and 
one else��Ĉ�ĈÌóģê�Ïê�,ÏÆėĄºɯȩȬɢȬɐ

When writing a conditional in MakeCode, you can click the 
plus sign (+) on a conditional to add new conditions to it, 
and you can click the minus (Ȳ) key to remove conditions 
you  previously added.

3. From the Logic category of commands, drag the 0 = 0 com-
mand to the workspace. Place it inside the condition of the 
first else if-then command.

WKHbFRQVHTXHQFH�RI�WKH�else if that caught the statement is executed 
DQG�WKH�SURJUDP�H[LWV�WKH�FRQGLWLRQDO�VLHYH���<RX�PD\�KDYH�VHHQ�D�GLIIHUHQW�
W\SH�RI�VLHYH�DW�D�FRQVWUXFWLRQ�VLWH��7KHUH��VLHYHV�DUH�XVHG�WR�VRUW�URFNV�RI�
GLIIHUHQW�VL]HV���%RWK�WKH�/LJKW�7KHUHPLQ�SURJUDP�DQG�WKH�ZHDWKHU�FORWKLQJ�
example are structured as conditional sieves. 

)LJXUH�����b
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4. Change the 0 = 0 condition to read MJHIU�MFWFM������. 
Follow these steps:

a. From the Input category of commands, drag the light 
level variable to the first 0, replacing it.

b. Click the tab where the equals sign (=) is located and 
change the operator to �.

c. Type ��� in the field following the ≥ operator.

5. Complete the else if-then conditional by adding a  
consequence as follows:

a. From the Music category of commands, drag the play tone 
Middle C for 1 beat command inside the if true then 
conditional command.

b. In the play tone Middle C for 1 beat command, click the 
note name (Middle C). This opens a piano keyboard where 
you can select a new note. Select Middle G.

6. mºĀº�đ�qđºĀĈ�ȫ�đÌĄóėÆÌ�ȭ�ÄóĄ�đÌº�Ąºè�ÏêÏêÆ�đģó�else if-then 
conditionals by using these conditions and consequences:

FMTF�JG�MJHIU�MFWFM�� 100 then play tone Middle E  
for 1 beat

FMTF�JG�MJHIU�MFWFM������UIFO�QMBZ�UPOF�.JEEMF�$� 
for 1 beat

7. The else conditional has no condition; its consequence exe-
cutes if none of the other conditionals are true. From the 
Music category of commands, drag the rest (ms) 1 beat 
command inside the consequence of else.

When the light level on the micro:bit is very low, less than a 
value of 50, none of the other conditionals are trueɐ�zÌ�đɭĈ�
when this else consequence executes. It “plays” a rest, 
which is no music sound.

�óėĄ�óèĀáºđº³�ó³º�ĈÌóėá³�áóóÞ�áÏÞº�,ÏÆėĄºɯȩȬɢȭɐ
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Here is the complete code in a text-based (JavaScript) format:

basic.forever(function () {

����JG�	JOQVU�MJHIU-FWFM	
�������
�\

��������NVTJD�QMBZ5POF	����NVTJD�CFBU	#FBU'SBDUJPO�8IPMF



����^�FMTF�JG�	JOQVU�MJHIU-FWFM	
�������
�\

��������NVTJD�QMBZ5POF	����NVTJD�CFBU	#FBU'SBDUJPO�8IPMF



    } else if (input.lightLevel() >= 100) {

��������NVTJD�QMBZ5POF	����NVTJD�CFBU	#FBU'SBDUJPO�8IPMF



����^�FMTF�JG�	JOQVU�MJHIU-FWFM	
������
�\

��������NVTJD�QMBZ5POF	����NVTJD�CFBU	#FBU'SBDUJPO�8IPMF



    } else {

��������NVTJD�SFTU	NVTJD�CFBU	#FBU'SBDUJPO�8IPMF



    }

})

)LJXUH�����b
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Save, Test, and Debug Your Program
Click the Save button at the bottom of the screen to save your 
program. Test your code by clicking the green Play icon on the 
simulator and then dragging the light level line up and down on 
the light meter. As you artificially adjust the amount of light 
falling on the micro:bit, you should hear the different notes (and 
the rest) you coded.

Fix any bugs to ensure that your Light Theremin toy works the 
way you want it to. (For details on debugging micro:bit pro-
ÆĄ�èĈɊ�Ĉºº��Ì�ĀđºĄɯȫɐɟ

IoT and Sensors in Circuits
:LWK�WKH�ZRUOG�EHFRPLQJ�PRUH�FRQQHFWHG�WKDQ�HYHU��\RXȇYH�SUREDEO\�
EHHQbKHDULQJ�D�ORW�DERXW�WKH�ΖQWHUQHW�RI�7KLQJV��RU�ΖR7�b1RW�RQO\�DUH�\RXU�
FRPSXWHU��WDEOHW��DQG�SKRQH�DEOH�WR�FRPPXQLFDWH�RYHU�WKH�ΖQWHUQHW��RWKHU�
GHYLFHV�LQ�\RXU�KRPH�FDQ�WRR��LQFOXGLQJ�\RXU�WHOHYLVLRQ��VHFXULW\�FDPHUDV��
DSSOLDQFHV��DQG�WKHUPRVWDW��&RPSXWHU�SURJUDPV�XVH�VHQVRUV�RQ�WKHVH�
GHYLFHV�WR�UHFRUG�D�79�SURJUDP�DW�D�FHUWDLQ�WLPH��VWDUW�VWUHDPLQJ�OLYH�YLGHR�
RI�WKH�SHUVRQ�FXUUHQWO\�ULQJLQJ�\RXU�GRRUEHOO��WXUQ�RQ�WKH�FRIIHH�SRW�EHIRUH�
\RX�ZDNH�XS��DQG�DGMXVW�WKH�KRXVHKROG�WHPSHUDWXUH�ZKHQ�QR�RQH�LV�KRPH�

6LPLODUO\��ZHDUDEOH�HOHFWURQLFV�KDYH�FRGH�FRQWUROOHG�VHQVRUV�WKDW�FDQ�WUDFN�
\RXU�KHDOWK�DQG�ZHOOQHVV�E\�PRQLWRULQJ�\RXU�VOHHS�SDWWHUQV��UHFRUG�KRZ�
PDQ\�VWHSV�\RX�WDNH�HDFK�GD\��GHWHUPLQH�\RXU�KHDUW�UDWH��DQG�HYHQ�PHD-
VXUH�\RXU�EORRG�VXJDU�OHYHOV�

(YHQ�FLWLHV�PDNH�XVH�RI�ΖR7�E\�FRQQHFWLQJ�VHQVRUV�RQ�LQIUDVWUXFWXUHbȃ� 
VXFK�DV�WUDQVSRUWDWLRQ��SRZHU�SURGXFWLRQ��DQG�ZDWHU�V\VWHPVbȃ�WR�WKH�
ΖQWHUQHW��7KHVH�VHQVRUV�UHVSRQG�WR�FRPSXWHU�SURJUDPV�WKDW�FRQWURO�KRZ�
WKH\�SHUIRUP�WKHLU�MREV��LQFOXGLQJ�FKDQJLQJ�WKH�WLPLQJ�RI�WUDIILF�OLJKWV��
�EDODQFLQJ�SRZHU�GLVWULEXWLRQ��DQG�DGMXVWLQJ�ZDWHU�OHYHOV�GXULQJ�GURXJKWV�
DQG�IORRGV�
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Transfer Your Program to the micro:bit
When your code works the way you want it to, you can transfer 
it to a physical micro:bit. For details on transferring programs 
đó�đÌº�èÏĄóɉ«ÏđɊ�Ĉºº��Ì�ĀđºĄɯȪɐ

Continue powering the micro:bit from your computer or attach 
the portable battery pack to the micro:bit. Use an alligator clip 
to connect Pin 0 of the micro:bit to the tip of the headphone 
jack. Use another alligator clip to connect the Ground pin of the 
èÏĄóɉ«Ïđ�đó�đÌº�«�Ĉº�óÄ�đÌº�Ìº�³ĀÌóêº�Û�Þɐ�mºÄºĄ�đó�,ÏÆėĄºɯȩȬɢȩɐ

Put on your headphones, and then change the quantity of light 
falling on the LED grid. You should hear different notes playing 
through the headphones as you change the light level.

6HQVRUV�LQ�HOHFWURQLF�FLUFXLWV�SHUIRUP�WKH�VDPH�UROHV�DV�VHQVHV�LQ�OLYLQJ�
FUHDWXUHV��7KH\�PHDVXUH�LQIRUPDWLRQ�DERXW�WKH�ZRUOG�DURXQG�WKHP��
%XWbVHQVRUV�GRQȇW�GR�PXFK�E\�WKHPVHOYHV��6HQVRUV�UHTXLUH�D�FRPSXWHU�
�SURJUDP�WR�XQGHUVWDQG�DQG�ȊGR�VRPHWKLQJȋ�ZLWK�WKH�LQIRUPDWLRQ�WKH\�PHD-
VXUH�LQ�WKH�VDPH�ZD\�WKDW�\RXU�VHQVHV��\RXU�H\HV��HDUV��DQG�QRVH��QHHG�
\RXU�EUDLQ�WR�PDNH�PHDQLQJ�RI�WKH�LQIRUPDWLRQ�WKH\�WDNH�LQ�

7KH�PLFUR�ELW�ERDUG�LV�D�VLPSOH�HOHFWURQLFV�ERDUG�ZLWK�EXLOW�LQ�VHQVRUV��
SXVKEXWWRQV��D�OLJKW�VHQVRU��D�WKHUPRPHWHU��D�PDJQHWRPHWHU��FRPSDVV���
DQG�DQ�DFFHOHURPHWHU��6HH�&KDSWHUb��IRU�DGGLWLRQDO�LQIRUPDWLRQ�RQ�HDFK�RI�
these sensors.

7KH�SLQV�FDQ�DOVR�PHDVXUH�ZKHWKHU�RU�QRW�D�FLUFXLW��RI�ZKLFK�WKH�PLFUR�ELW�
ERDUG�LV�D�FRPSRQHQW��LV�FRPSOHWHbȃ�LQ�RWKHU�ZRUGV��ZKHWKHU�HOHFWULFLW\�LV�
UXQQLQJ�WKURXJK�WKH�FLUFXLW��ΖQ�0DNH&RGH�IRU�PLFUR�ELW��WKH�ΖQSXW�FDWHJRU\�
RI�FRPPDQGV�LV�XVHG�WR�PHDVXUH�LQIRUPDWLRQ�DERXW�WKH�PLFUR�ELW�VHQVRUV��
<RX�ZULWH�WKH�FRGH�VR�WKDW�WKH�HYHQWV�DQG�FRQGLWLRQDOV�FDQ�UHVSRQG�WR�
�VHQVRU�UHDGLQJVbȃ�MXVW�OLNH�LQ�WKH�/LJKW�7KHUHPLQ�SURMHFW�
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Share Your Program with the World
If you want, you can share your micro:bit program with others. 
Set the status of your program to Share, and then copy and 
Ā�ĈđºɯđÌº�áÏêÞ�đó�ĩóėĄ�ĀĄóÛºđ��êĩģÌºĄº�ĩóė�ģ�êđ�đó�ĈÌ�Ąº�Ïđɐ�
qººɯ�Ì�ĀđºĄɯȩȱ�ÄóĄ�³ºđ�ÏáĈ�óê�ĈÌ�ĄÏêÆ�ĩóėĄ�ĀĄóÆĄ�èĈɐ

Enhance Your Toy
Consider enhancing your Light Theremin gadget with new 
features:

 ✓ Additional sound levels: Add more conditionals to create 
êºģɯĈóėê³�áºĢºáĈ��ê³��ĈĈóÏ�đº³�Ĉóėê³Ĉɐ���ê�ĩóė�Ąº�đº��ê�
entire scale?

 ✓ Button key shift: Change the key from C major to a different 
music key by writing new code. Add an on button a pressed 
ºĢºêđ��ê³�Ąº�đº���êºģ�óê³ÏđÏóê�á�ĈÏºĢº�đÌ�đ�ėĈºĈ��ɯêºģ�
chord progression such as F major.

 ✓ Speaker hardware: Instead of connecting your micro:bit to 
headphones, connect it to a speaker. Inexpensive speakers 
ÄóĄɯºáºđĄóêÏĈ�ĀĄóÛºđĈ��ê�«º�ĀėĄÌ�Ĉº³�óêáÏêº�óĄ��đ�Ìó««ĩ�
shops. Just connect the alligator clips to the lead wires from 
đÌº�ĈĀº�ÞºĄ��ê³�ĩóėɭáá�Ì�Ģº���đÌºĄºèÏê�ºĢºĄĩóêº��ê�Ìº�ĄɊ�
Ĉóɯĩóė��ê�Āá�ĩ�ÄóĄ��ê��ė³ÏºêºɌ
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The classic Magic 8-Ball is a fun retro toy that gives 
�ɯĄ�ê³óèáĩ�ÌóĈºê��êĈģºĄ�đó���ăėºĈđÏóê�đÌº�ėĈºĄ��ĈÞĈɐ�Q�ÆÏ�
Ȱɢ��áá��ê�ÆÏĢº�ȪȨ��êĈģºĄĈɊ�ģÏđÌ�Ĉóèº��êĈģºĄĈ�ĀóĈÏđÏĢº�ɞɩ�ÏÆ�
�ºĈɌɪɟɊ�Ĉóèº�êºÆ�đÏĢº�ɞSó���ĩɟɊ��ê³�Ĉóèº�êºėđĄ�á�ɞɩ�êĈģºĄ�
ÏĈ��áóė³ĩɪɟɐ�zÌº�ėĈºĄ��ĈÞĈ���ăėºĈđÏóêɊ�ÛÏÆÆáºĈ�đÌº�«�ááɊ��ê³��ê�
�êĈģºĄ��ĀĀº�ĄĈɌ

9ê�đÌÏĈ�ĀĄóÛºđɊ�ĩóė�Ąº�đº�ĩóėĄ�óģê�Q�ÆÏ�Ȱɢ��áá�ėĈÏêÆ�
Q�Þº�ó³º�ÄóĄ�èÏĄóɉ«Ïđɐ��óė�ÄÏĄĈđ�ó³º���áÏĈđ�óÄ��êĈģºĄĈ�ėĈÏêÆ���
êºģ�đĩĀº�óÄɯĢ�ĄÏ�«áº�ɞ�ááº³���list variable, or an array variableɟɐ�
zÌºê�ĩóė�ó³º�đÌº�èÏĄóɉ«Ïđ�đó�ĄºĈĀóê³�đó��ɯĈÌ�Þº�«ĩ�ĈĄóááÏêÆ�
��Ą�ê³óèáĩ�ÌóĈºê��êĈģºĄ��ĄóĈĈ�đÌº�ĈĄººêɐ�9Ä�ĩóė�ģ�êđɊ�ĩóė�
�ê�đĄ�êĈÄºĄ�ĩóėĄ�ó³º�đó���Ąº�á�èÏĄóɉ«ÏđɊ��ê³�ÏÄ�ĩóėɭĄº�Ąº�ááĩ�
�è«ÏđÏóėĈɊ�ĩóė��ê�³ºĈÏÆê��ê³�ȫ�ɢĀĄÏêđ���Q�ÆÏ�Ȱɢ��áá�ĈÌºáá�
for your toy!

Magic 8-Ball

https://commons.wikimedia.org/wiki/File:Magic_8_Ball_-_Instrument_Of_Evil%3F_(2426454804).jpg
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Brainstorm
�óėĄ�Q�Þº�ó³º�ĀĄóÆĄ�è��ê�ĈĄóáá�ĀĄº³ÏđÏóêĈ��Ĉ�Ā�Ąđ�óÄ��êĩ�đóĩ�
ĩóė�Ąº�đºɐ��óė��ê�ÛėĈđ�Āá�ĩ�ģÏđÌ�ĩóėĄ�ĀĄóÆĄ�è�óê�đÌº�óè-
ĀėđºĄ�ĈĄººêɊ�óĄ�ĩóė��ê�đĄ�êĈÄºĄ�ĩóėĄ�ó³º�đó���èÏĄóɉ«Ïđ��ê³�
«ėÏá³���đóĩ��Ąóėê³�đÌº�ºáºđĄóêÏĈ�«ó�Ą³ɐ�zÌ�đ�đóĩ��ê�«º�è�³º�
óÄ��êĩ�Ą�Äđ�è�đºĄÏ�áĈ�ĩóė�Ì�Ģº��ºĈĈ�đóɊ�ÄĄóè��Ą³«ó�Ą³��ê³�
qđĩĄóÄó�è�đó�ģóó³��ê³�ȫ��ÄÏá�èºêđɐ

�áĈóɊ�ĩóėĄ�đóĩ��ê�áóóÞ��êĩ�ģ�ĩ�ĩóė�ģ�êđɯɠ�Ïđ�³óºĈêɭđ�êºº³�đó�
áóóÞ�áÏÞº���Q�ÆÏ�Ȱɢ��ááɐ��óė��ê�Ąº�đº��êĩ�³ºĢÏº�đó�³ÏĈĀá�ĩ�
đºĨđ�ĀĄº³ÏđÏóêĈ�ÄóĄ�ĩóėĄ�ėĈºĄɐ��Ì�đ�ģÏáá�ĩóė�³ºĈÏÆêɑ���ĄĩĈđ�á�
«�ááɑ��ɯ�óáđ�Ą�ÆºêÏº�è�ÌÏêºɑ���ÄóĄđėêº�óóÞÏºɑ��ɯáóĈºėĀ�óÄ�
�ó³�ɭĈ�Ìº�³ɑ�zº��áº�ĢºĈ�Ïê���ėĀ�óÄ�Ìóđ�đº�ɑ��óė��ê��áĈó�ģĄÏđº�
đÌº��ĀĄº³ÏđÏóêĈ��êĩ�ģ�ĩ�ĩóė�ģ�êđɊ�«ėđ�óêĈÏ³ºĄ�ėĈÏêÆ���óè«Ï-
ê�đÏóê�óÄ�ɩĩºĈɊɪ�ɩêóɊɪ��ê³�ɩè�ĩ«ºɪ�ĀĄº³ÏđÏóêĈɐ�,ÏÆėĄºɯȩȭɢȩ�
ĈÌóģĈ�đÌº�ȫ�ɯ³ºĈÏÆê�9�Ąº�đº³�Ïê�zÏêÞºĄ�³��ê³�đÌºê�ȫ�ɢĀĄÏêđº³Ɍ

Start a New Project
�ºÆÏê�Ąº�đÏêÆ�ĩóėĄ�Q�ÆÏ�Ȱɢ��áá�đóĩ�«ĩ�Ĉđ�ĄđÏêÆ���êºģ�ĀĄóÛºđ�
�Ĉ�ÄóááóģĈɉ

1. \Āºê�Q�Þº�ó³º�ÄóĄ�èÏĄóɉ«Ïđ��đ�https://makecode. 
microbit.orgɐ

2. \ê�đÌº�èÏĄóɉ«Ïđ�Ìóèº�Ā�ÆºɊ�áÏÞ�đÌº�«ÏÆ�Sºģ�iĄóÛºđ�«ėđđóê�
Ïê�đÌº�èÏ³³áº�óÄ�đÌº�ĈĄººêɐ

)LJXUH�����b
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��êºģ�ĀĄóÛºđ�óĀºêĈ��ê³�³ÏĈĀá�ĩĈ�đÌº�ģóĄÞĈĀ�ºɐ

3. S�èº�ĩóėĄ�ĀĄóÛºđ�«ĩ�đĩĀÏêÆ���ê�èº�Ïê�đÌº�iĄóÛºđ�S�èº�
ÄÏºá³��đ�đÌº�«óđđóè�óÄ�đÌº�èÏĄóɉ«Ïđ�ÏêđºĄÄ�ºɐ

4. �áÏÞ�đÌº�q�Ģº�«ėđđóê�êºĨđ�đó�đÌº�iĄóÛºđ�S�èº�ÄÏºá³�đó�Ĉ�Ģº�
ĩóėĄ�ĀĄóÛºđɐ

Code on start
�óė�ģĄÏđº�ĩóėĄ�Q�ÆÏ�Ȱɢ��áá�ó³º�Ïê�đÌº�ģóĄÞĈĀ�ºɐ��óė��ê�
ģóĄÞ�Ïê��áóÞĈ�èó³º�óĄ�E�Ģ�qĄÏĀđ�đºĨđ�èó³ºɐ

zÌº�ºĨ�èĀáº�ėĈºĈ�ó³º�ģĄÏđđºê�Ïê��áóÞĈ�èó³º�đó�Ąº�đº���áÏĈđ�
Ģ�ĄÏ�«áº�óêđ�ÏêÏêÆ�đÌĄºº�ĀĄº³ÏđÏóêĈɐ�zÌº�on start event is the 
Ĉđ�ĄđÏêÆ�ĀóÏêđ�ÄóĄ�đÌº�Q�Þº�ó³º�ĀĄóÆĄ�è�ĩóė�ģÏáá�ģĄÏđº�ÄóĄ�đÌº�
Q�ÆÏ�Ȱɢ��ááɐ�,óááóģ�đÌºĈº�ĈđºĀĈɉ

1. GººĀ�đÌº�on start�óèè�ê³�Ïê�đÌº�ģóĄÞĈĀ�ºɐ��Ą�Æ�
đÌºɯforever�óèè�ê³�«�Þ�đó�đÌº�óèè�ê³��Ąº�Ɋ�óĄ�ºáĈº�
áÏÞ�Ïđ��ê³�ĀĄºĈĈ�đÌº��ºáºđº�Þºĩ�óê�ĩóėĄ�Þºĩ«ó�Ą³ɐ

2. 9ê�đÌº���ĄÏ�«áºĈ��đºÆóĄĩ�óÄ�óèè�ê³ĈɊ�áÏÞ�đÌº�Q�Þº�
�ɯ��ĄÏ�«áº�«ėđđóêɐ�9ê�đÌº�³Ï�áóÆ�«óĨ�đÌ�đ�óĀºêĈɊ�đĩĀº� 
predictions�ɞĈºº�,ÏÆėĄºɯȩȭɢȪɟ��ê³�áÏÞ�\Gɐ

zÌº�predictions�Ģ�ĄÏ�«áº�ÏĈ�êóģ��³³º³�đó�ĩóėĄ��Ģ�Ïá�«áº�
Ģ�ĄÏ�«áºĈɐ

)LJXUH�����b
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3. \Āºê�đÌº��³Ģ�êº³�óèè�ê³ĈɊ�Ĉºáºđ�đÌº��ĄĄ�ĩ��đºÆóĄĩ�óÄ�
óèè�ê³ĈɊ��ê³�³Ą�Æ���set text list to�óèè�ê³�đó�
đÌºɯģóĄÞĈĀ�ºɐ�iá�º�đÌÏĈ�óèè�ê³�ÏêĈÏ³º�đÌº�on start 
�óèè�ê³ɐ�iĄºĈĈ�đÌº�Ĉè�áá�³óģê��ĄĄóģ��đ�text list��ê³�
Ĉºáºđ�predictions�ÄĄóè�đÌº�³ĄóĀɢ³óģê�èºêėɐ

4. �ėÏá³�ĩóėĄ�áÏĈđ�ɞ�ĄĄ�ĩɟ�óÄ�ĀĄº³ÏđÏóêĈ�«ĩ�đĩĀÏêÆ�óêº�ĀĄº³ÏđÏóê�
Ïêđó�º�Ì�ÄÏºá³�óÄ�đÌº��ĄĄ�ĩɐ

�óė�³óêɭđ�êºº³�đó�đĩĀº�đÌº�ăėóđºĈ�Ïê�º�Ì�ĀĄº³ÏđÏóêɯɠ� 
Q�Þº�ó³º��³³Ĉ�đÌºè��ėđóè�đÏ�ááĩ�đó��êĩ�ĈđĄÏêÆ�ĩóė�đĩĀº�Ïê�
��ÄÏºá³ɐ�ɞ,óĄ�³ºđ�ÏáĈ�óê�ģóĄÞÏêÆ�ģÏđÌ�ĈđĄÏêÆĈɊ�Ĉºº��Ì�ĀđºĄɯȩȨɐɟ

�ɐ�9ê�đÌº�ÄÏĄĈđ�ÄÏºá³Ɋ�ĄºĀá�º�đÌº�a�«ĩ�đĩĀÏêÆ���ĀĄº³ÏđÏóê�ĈėÌ�
as BIG YES!ɐ

«ɐ�9ê�đÌº�Ĉºóê³�ÄÏºá³Ɋ�ĄºĀá�º�đÌº�b�«ĩ�đĩĀÏêÆ���ĀĄº³ÏđÏóê�
ĈėÌ��Ĉ�NO WAYɐ

ɐ�9ê�đÌº�đÌÏĄ³�ÄÏºá³Ɋ�ĄºĀá�º�đÌº�c�«ĩ�đĩĀÏêÆ���ĀĄº³ÏđÏóê�ĈėÌ�
as ANSWER IS CLOUDYɐ

9Ä�ĩóė�ģ�êđ�đó��³³�èóĄº�ĀĄº³ÏđÏóêĈɊ��³³�êºģ�ÄÏºá³Ĉ�ÄóĄ�đÌºè�
«ĩ�ĀĄºĈĈÏêÆ�đÌº�ĀáėĈ�ɞ+ɟ�«ėđđóêɐ�mºèóĢº�ėêģ�êđº³�ÄÏºá³Ĉ�
ÄĄóè�đÌº�ºê³�óÄ�đÌº�áÏĈđ�ɞ�ĄĄ�ĩɟ�«ĩ�ĀĄºĈĈÏêÆ�đÌº�èÏêėĈ�ɞ−) 
«ėđđóêɐ

�óėĄ�óèĀáºđº�on start�ó³º�ĈÌóėá³�áóóÞ�áÏÞº�,ÏÆėĄºɯȩȭɢȫɐ��Ìºê�
đÌº�èÏĄóɉ«Ïđ�ĀĄóÆĄ�è�Ĉđ�ĄđĈ�ºĨºėđÏêÆɊ�Ïđ�ĈºđĈ�đÌº�áÏĈđ�Ģ�ĄÏ�«áºɊ�
predictionsɊ�đó��áá�đÌº�ĈđĄÏêÆ�Ģ�áėºĈ�ĩóė�đĩĀº³ɐ�9ê�đÌÏĈ�ºĨ�èĀáºɊ�
đÌº�Ģ�áėº�óÄ�predictions��đ�ĀóĈÏđÏóê�Ȩ�ÏĈ�"BIG YES!"��ê³�đÌº�
Ģ�áėº�óÄ�predictions��đ�ĀóĈÏđÏóê�Ȫ�ÏĈ�"ANSWER IS CLOUDY."
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9ê�Q�Þº�ó³ºɯɠ��ê³�èóĈđ�ĀĄóÆĄ�èèÏêÆ�á�êÆė�ÆºĈɯɠ�ĩóė�Ĉđ�Ąđ�
óėêđÏêÆ�áÏĈđ�ɞ�ĄĄ�ĩɟ�ĀóĈÏđÏóêĈ��đ�Ȩɐ��óė�ĈđóĀ�óėêđÏêÆ�áÏĈđ�ĀóĈÏ-
đÏóêĈ��đ�đÌº�á�Ĉđ�Ïđºè�Ïê�đÌº�áÏĈđɐ�zÌº�á�Ĉđ�Ïđºè�Ïê�đÌºɯáÏĈđ�ÏĈ��đ���
ĀóĈÏđÏóê�đÌ�đ�ÏĈ�óêº�áºĈĈ�đÌ�ê�đÌº�êėè«ºĄ�óÄ�ÏđºèĈ�Ïê�đÌº�áÏĈđɐ�9ê�
đÌº�ºĨ�èĀáºɊ�đÌĄºº�ÏđºèĈ��Ąº�Ïê�đÌº�áÏĈđɊ�«ėđ�đÌº�á�Ĉđ�Ïđºè�ÏĈ��đ�
ĀóĈÏđÏóê�Ȫɐ

Simple Lists (Arrays)
A list is a variable that represents a group of items stored together in a 
 certain order. Array is another word for list. (There are some technical 
 differences between the two, but the explanation of those differences is 
beyond the scope of this book.) Items in a list (array) are usually called  
elements. Many different types of elements are available, such as  numbers, 
strings, and even other lists.

Programming languages use lists to store related information in some way. 
For example, a grocery list has items such as broccoli, cheese, and juice 
ER[HV��$�WHDFKHU�PLJKW�KDYH�D�OLVW�RI�VFRUHV�HDUQHG�E\�VWXGHQWV�RQ�DbWHVW��
$bVFKRRO�PLJKW�KDYH�D�OLVW�RI�FODVVURRPV��DQG�IRU�HDFK�FODVVURRP��DQG�D�OLVW�
of students in that classroom (this is a “list of lists”). For all practical purposes, 
your list can be as long as you want it to be.

In a block programming language, you name a list in the same way you do 
any variable, such as groceries, predictions, scores. In a text-based program-
ming language, you might use additional symbols, such as square brackets 
to show that the variable is a list. Lists usually order their elements starting 
at the number 0 and counting up to the last element. (But it’s important to 
note that Scratch starts numbering its list elements at 1.) This way, your 
program can identity the value of an element by its position in the array.

Parallel lists (arrays) are two or more lists that have related information. For 
example, a teacher might have these arrays:

String [] students = ["Alice", "Benito", "Carol", "Dan"];
int [] scores = [87, 93, 94, 80];
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Code on shake
zÌº�ėĈºĄ�ĈÌ�ÞºĈ�đÌº�èÏĄóɉ«Ïđ�đó�ĄºĢº�á���ĀĄº³ÏđÏóêɐ��Ìºê�đÌº�
ėĈºĄ�ĈÌ�ÞºĈ�đÌº�èÏĄóɉ«ÏđɊ�đÌº��ºáºĄóèºđºĄ�ĈºêĈóĄ�³ºđºđĈ�đÌº�
èóĢºèºêđ��ê³�ĄėêĈ�đÌº�ó³º��ĈĈóÏ�đº³�ģÏđÌ�đÌº�on shake�ºĢºêđɐ�
ɞqºº��Ì�ĀđºĄɯȫ��ê³�đÌº�ĈÏ³º«�Ą�óê�9óz��ê³�ĈºêĈóĄĈ�Ïê��Ì�ĀđºĄɯȩȬ�
ÄóĄ��³³ÏđÏóê�á�ÏêÄóĄè�đÏóê�óê�èÏĄóɉ«Ïđ�ĈºêĈóĄĈɐɟ��ĄÏđº�đÌÏĈ�ó³º�
«ĩ�ÄóááóģÏêÆ�đÌºĈº�ĈđºĀĈɉ

1. ,Ąóè�đÌº�9êĀėđ��đºÆóĄĩɊ�³Ą�Æ�đÌº�on shake�óèè�ê³�đó�đÌº�
ģóĄÞĈĀ�ºɐ

2. 9ê�đÌº���ĈÏ��đºÆóĄĩ�óÄ�óèè�ê³ĈɊ�³Ą�Æ�đÌº�show string 
óèè�ê³�đó�đÌº�ģóĄÞĈĀ�º��ê³��đđ�Ì�Ïđ�ÏêĈÏ³º�đÌº�on shake 
óèè�ê³ɐ

3. \Āºê�đÌº��³Ģ�êº³�óèè�ê³ĈɊ�Ĉºáºđ�đÌº��ĄĄ�ĩ��đºÆóĄĩ�óÄ�
óèè�ê³ĈɊ��ê³�³Ą�Æ�đÌº�list get value at�óèè�ê³�đó�
đÌº�ģóĄÞĈĀ�ºɐ

4. iá�º�đÌº�list get value at�óèè�ê³�Ïê�đÌº�ÄÏºá³�óÄ�đÌº�
show string�óèè�ê³ɐ�iĄºĈĈ�đÌº�Ĉè�áá�³óģê��ĄĄóģ��đ�list 
�ê³�Ĉºáºđ�predictions�ÄĄóè�đÌº�³ĄóĀɢ³óģê�èºêėɐ

5. ,Ąóè�đÌº�Q�đÌ�óèè�ê³ĈɊ�³Ą�Æ�đÌº�pick random��óèè�ê³�
đó�đÌº�ģóĄÞĈĀ�º��ê³�Āá�º�Ïđ�ÏêĈÏ³º�đÌº�predictions get 
value at�ÄÏºá³ɐ

The value of students[0] is "Alice" and the value of scores[0] is 87. For 
this classroom of students, the teacher has set student number 0 to Alice, 
so we know that Alice’s score on the test is 87.

Note that although the students[] array has four students, the last student 
in the list is at position 3. This is because you start counting the positions in 
the array at 0, not 1. So the value of students[3] is "Dan" and the value of 
scores[3] is 80��6HH�&KDSWHUb���WR�IRU�DQ�DGGLWLRQDO�SURMHFW�RQ�OLVWV�
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6. qºđ�đÌº�Ą�êÆº�óÄ�Ģ�áėº�ÄóĄ�pick random�«ĩ�đĩĀÏêÆ�êėè«ºĄĈ�Ïê�
đÌº�ºèĀđĩ�ÄÏºá³Ĉɐ�zĩĀº�0�Ïê�đÌº�ÄÏĄĈđ�ÄÏºá³Ɋ�ģÌÏÌ�ÏĈ�đÌº�ĀóĈÏ-
đÏóê�Ģ�áėº�óÄ�đÌº�ÄÏĄĈđ�Ïđºè�Ïê�ĩóėĄ��ĄĄ�ĩɐ

zÌº�Ģ�áėº�óÄ�đÌº�Ĉºóê³�ÄÏºá³�³ºĀºê³Ĉ�óê�đÌº�ĀóĈÏđÏóê�óÄ�đÌº�
á�Ĉđ�Ïđºè�Ïê�ĩóėĄ��ĄĄ�ĩɐ�9ê�èĩ�ºĨ�èĀáºɊ�9�Ì�Ģº�đÌĄºº�ĀĄº³Ï-
đÏóêĈɊ�Ĉó�đÌº�Ą�êÆº�óÄ�èĩ�pick random�ÏĈ�Ȩ�đó�Ȫ�ɞđÌº�đÌĄºº�
ĀĄº³ÏđÏóêĈ��Ąº��đ�ĀóĈÏđÏóê�ȨɊ�ĀóĈÏđÏóê�ȩɊ��ê³�ĀóĈÏđÏóê�ȪɯÏê�èĩ�
�ĄĄ�ĩɟɐ�zÌº�Ĉºóê³�ÄÏºá³�óÄ�ĩóėĄ�pick random�Ì�Ĉ���Ģ�áėº�óÄ�
one less�đÌ�ê�đÌº�êėè«ºĄ�óÄ�ÏđºèĈ�Ïê�ĩóėĄ��ĄĄ�ĩɐ

�óėĄ�óèĀáºđº�on shake�ó³º�ĈÌóėá³�áóóÞĈ�áÏÞº�,ÏÆėĄºɯȩȭɢȬɐ

�Ìºê�đÌº�ėĈºĄ�ĈÌ�ÞºĈ�đÌº�èÏĄóɉ«ÏđɊ�ÏđĈ��ºáºĄóèºđºĄ�èº�ĈėĄºĈ�
èóđÏóê��ê³�đĄÏÆÆºĄĈ�đÌº�ºĨºėđÏóê�óÄ�đÌº�ó³º�«áóÞ��đ�đÌº�
on shake�ºĢºêđɐ�zÌº�on shake�ºĢºêđ��ėĈºĈ���Ą�ê³óèáĩ�Ĉºáºđº³�
ĀĄº³ÏđÏóê�ĈđĄÏêÆ�đó�«º�ĈĄóááº³��ĄóĈĈ�đÌº�I"�Ĉ�óÄ�đÌº�èÏóɉ«Ïđɐ�
,ÏÆėĄºɯȩȭɢȭ�ĈÌóģĈ�đÌº�èÏĄóɉ«Ïđ�ĈÏèėá�đóĄ�ĈĄóááÏêÆ���ĀĄº³ÏđÏóêɊ�
áºđđºĄ�«ĩ�áºđđºĄɐ

zÌº�óèĀáºđº�ó³º�Ïê�E�Ģ�qĄÏĀđ�ÄóááóģĈɉ

let predictions: string[] = []

predictions = ["BIG YES!", "NO WAY", "ANSWER IS CLOUDY"]

input.onGesture(Gesture.Shake, function () {

    basic.showString(predictions[Math.randomRange(0, 2)])

})
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Q�Þº�ó³º�èÏÆÌđ�Āá�º�đÌº�áÏêº�ĈÌóģÏêÆ�đÌº�ĈđĄÏêÆ�Ģ�áėºĈ�
ÏêɯđÌºɯpredictions��ĄĄ�ĩ�«ºáóģ�đÌº�ºĢºêđ�Ì�ê³áºĄ�ɞinput. 
onGesture()ɟɐ�6óģºĢºĄɊ�ģÌºê�ģĄÏđÏêÆ�đÌº�đºĨđɢ«�Ĉº³�ó³ºɊ�
ĩóėɯĈÌóėá³�ģĄÏđº�đÌº�ó³º��Ĉ�ĈÌóģê�ÌºĄºɐ�zÌº�Ĉđ�ê³�Ą³�ģ�ĩɯóÄ�
óĄÆ�êÏįÏêÆ�E�Ģ�qĄÏĀđ�ó³º�ÏĈ�đó�Āá�º�đÌº�Ģ�ĄÏ�«áº��ĈĈÏÆêèºêđĈ�
«ºÄóĄº�đÌº�ºĢºêđ�Ì�ê³áºĄĈɐ

Save, Test, and Debug Your Program
�áÏÞ�đÌº�q�Ģº�«ėđđóê��đ�đÌº�«óđđóè�óÄ�đÌº�ĈĄººê�đó�Ĉ�Ģº�ĩóėĄ�
ĀĄóÆĄ�èɐ�zÌº�ĀĄóÆĄ�è�ÏĈ�Ĉ�Ģº³�Ïê�đÌº�áóė³��ê³��áĈó��Ĉ���
èÏĄóɉ«Ïđ�ɐÌºĨ�ÄÏáº�Ïê�ĩóėĄ��óģêáó�³Ĉ�Äóá³ºĄɐ

�óė�đºĈđ�ĩóėĄ�ĀĄóÆĄ�è�Ïê�đÌº�óêɢĈĄººê�ĈÏèėá�đóĄ�«ĩ��áÏÞÏêÆ�
đÌº�qÌ�Þº�«ėđđóê�ɞģÌÏÌ�ĈÏèėá�đºĈ�ĈÌ�ÞÏêÆ�đÌº�èÏĄóɉ«Ïđɟɐ�"�Ì�
áÏÞ�ĈÌóėá³�ĈÌóģ���ĀĄº³ÏđÏóê�ÄĄóè�ĩóėĄ�predictions��ĄĄ�ĩɐ�zÌº�
áºđđºĄĈ�Ïê�đÌº�ĀĄº³ÏđÏóê�ĈĄóáá�«ĩɊ�óêº�áºđđºĄ��đ���đÏèºɐ

,ÏĨ��êĩ�«ėÆĈ�đó�ºêĈėĄº�đÌ�đ�ĩóėĄ�Q�ÆÏ�Ȱɢ��áá�đóĩ�ģóĄÞĈ�đÌº�
ģ�ĩɯĩóė�ģ�êđ�Ïđ�đóɐ�ɞqºº�đÌº�ĈºđÏóê�Ïê��Ì�ĀđºĄɯȫ�óê�³º«ėÆÆÏêÆ�
èÏĄóɉ«Ïđ�ĀĄóÆĄ�èĈɐɟ

)LJXUH�����b
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Transfer Your Program to the micro:bit
�ÄđºĄ�ĩóė�đºĈđ��ê³�³º«ėÆ�ĩóėĄ�ó³ºɊ�ĩóė��ê�đĄ�êĈÄºĄ�Ïđ�đó���
ĀÌĩĈÏ�á�èÏĄóɉ«Ïđɐ�,óĄ�³ºđ�ÏáĈ�óê�đĄ�êĈÄºĄĄÏêÆ�ĀĄóÆĄ�èĈ�đó�đÌº�
èÏĄóɉ«ÏđɊ�Ĉºº��Ì�ĀđºĄɯȪɐ��ÄđºĄ�đÌº�ĀĄóÆĄ�è�ÏĈ�óê�đÌº�èÏĄóɉ«ÏđɊ�
ĩóė��ê�³ºđ�Ì�đÌº�«ó�Ą³�ÄĄóè�ĩóėĄ�óèĀėđºĄɭĈ��q��ĀóĄđɐ��đđ�Ì�
đÌº�óĀđÏóê�á�«�đđºĄĩ�Ā�Þ�đó�ėĈº�đÌº�èÏĄóɉ«Ïđ��ê³�ĩóėĄ�Q�ÆÏ�
Ȱɢ��áá�đóĩ��ģ�ĩ�ÄĄóè�đÌº�óèĀėđºĄɐ

Share Your Program with the World
�óė��ê�ĈÌ�Ąº�ĩóėĄ�Q�Þº�ó³º�ÄóĄ�èÏĄóɉ«Ïđ�ĀĄóÆĄ�è�ģÏđÌ�óđÌºĄĈɐ�
qºđ�đÌº�Ĉđ�đėĈ�óÄ�ĩóėĄ�ĀĄóÆĄ�è�đó�qÌ�ĄºɊ��ê³�đÌºê�óĀĩ��ê³�Ā�Ĉđº�
đÌº�áÏêÞ�đó�ĩóėĄ�ĀĄóÛºđ��êĩģÌºĄº�ĩóė�ģ�êđ�đó�ĈÌ�Ąº�Ïđɐ�qºº�
�Ì�ĀđºĄɯȩȱ�ÄóĄ�³ºđ�ÏáĈ�óê�ĈÌ�ĄÏêÆ�ĩóėĄ�ĀĄóÆĄ�èĈɐ

Enhance Your Toy
�óêĈÏ³ºĄ�ºêÌ�êÏêÆ�ĩóėĄ�Q�ÆÏ�Ȱɢ��áá�đóĩ�ģÏđÌ�êºģ�Äº�đėĄºĈɉ

 ✓ Add predictions associated with acceleration changes:�mÏÆÌđ�
êóģɊ���Ą�ê³óè�ĀĄº³ÏđÏóê�óÄ��êĩ�đĩĀº�ÏĈ�Ĉºáºđº³�ÄĄóè�đÌº�
�ĄĄ�ĩ�Ïê�ĄºĈĀóêĈº�đó�on shakeɐ��óė��ê�èº�ĈėĄº�đÌº�³ÏĄºđÏóê�
óÄ�èóđÏóê�ģÌºê�đÌº�èÏĄóɉ«Ïđ�ÏĈ�ĈÌ�Þºê��ê³��ĈĈóÏ�đº���ĀĄº-
³ÏđÏóê�đĩĀº�ģÏđÌ�đÌº�³ÏĄºđÏóê�óÄ�èóđÏóêɐ

,óĄ�ºĨ�èĀáºɊ�ĩóė��ê�è�Þº�ĀóĈÏđÏĢº�ĄºĈĀóêĈºĈ��ĀĀº�Ą�ģÌºê�
đÌº�Ȱɢ��áá�ÏĈ�ĈÌ�Þºê��áóêÆ�đÌº�Ĩɢ�ĨÏĈɊ�êºėđĄ�á�ĄºĈĀóêĈºĈ�ÄóĄ�
ĩɢ�ĨÏĈ�èóđÏóêɊ��ê³�êºÆ�đÏĢº�ĄºĈĀóêĈºĈ�ÄóĄ�įɢ�ĨÏĈ�èóđÏóêɐ�
zÌ�đ�ģ�ĩɊ�ĩóė��ê�ĈºĄºđáĩ�óêđĄóá�đÌº�đĩĀºĈ�óÄ�ĄºĈĀóêĈºĈ�ĩóė�
ÆºđɊ�è�ÞÏêÆ�Ïđ��ĀĀº�Ą�đÌ�đ�ĩóėɭĄº�đĄėáĩ�è�ÆÏ�áɌ��óėɭáá�êºº³�
đó�Ąº�đº�đÌĄºº��ĄĄ�ĩĈ�đó�ĄºĀá�º�ĩóėĄ�óĄÏÆÏê�á��ĄĄ�ĩɊ�ģÏđÌ�º�Ì�
�ĄĄ�ĩ�Äº�đėĄÏêÆ���ĄºĈĀóêĈº�đĩĀºɉ�ĀóĈÏđÏĢºɊ�êºėđĄ�áɊ�óĄ�êºÆ�đÏĢºɐ�
zÌºê�ĩóėɭáá�êºº³�đó�Ąº�đº�Ĉóèº�if-then�óê³ÏđÏóê�áĈ�đó�³ÏĈ-
Āá�ĩ�óêº�óÄ�đÌóĈº�ĄºĈĀóêĈº�đĩĀºĈ��óĄ³ÏêÆ�đó�đÌº�³ÏĄºđÏóê�
�ê³�èº�ĈėĄº�óÄ�đÌº�èÏĄóɉ«ÏđɭĈ��ºáºĄóèºđºĄ�Ģ�áėºĈɐ�zó� 
áº�Ąê�èóĄº��«óėđ�èº�ĈėĄÏêÆ��ºáºĄóèºđºĄ�Ģ�áėºĈɊ�ĄºÄºĄ�đó�
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đÌº�èÏĄóɉ«Ïđ�óêáÏêº�³óėèºêđ�đÏóê��đ�https://makecode.
microbit.org/reference/input/accelerationɐ

 ✓ Create a Magic 8-Ball shell to house the micro:bit:��ÌºÞ�óėđ�
đÌº�ĈÏ³º«�Ą�óê�è�ÞÏêÆ���óóá�óêđ�ÏêºĄ�ÄóĄ�ĩóėĄ�đóĩɌ��óė��ê�
ėĈº�ÄĄºº�³ºĈÏÆê�ĈóÄđģ�Ąº�ĈėÌ��Ĉ�zÏêÞºĄ�³�đó�³ºĈÏÆê�đÌº�
Ȱɢ��áá�ĈÌºááɐ�zÌºê�ĩóė��ê�ėĈº���ȫ��ĀĄÏêđºĄ�ɞóĄɯĈºê³�ĩóėĄ�
³ºĈÏÆê�đó���óèĀ�êĩ�đÌ�đ�³óºĈ�ȫ��ĀĄÏêđÏêÆɟ�đó�Ä�«ĄÏ�đº�ĩóėĄ�
³ºĈÏÆêɐ�9�«óėÆÌđ�Ĉóèº�«á�Þ�ÄÏá�èºêđ��ê³�ĀĄÏêđº³�èÏêº�óê���
,á�ĈÌ,óĄÆº�,Ïê³ºĄ�ȫ��ĀĄÏêđºĄɐ�zÌºê�9�Āá�º³�èĩ�èÏĄóɉ«Ïđ�
�ê³ɯ«�đđºĄĩ�Ā�Þ�ÏêĈÏ³º��ê³ɯɠ�ĢóÏá�Ɍɯɠ�9�Ì�Ģº�èĩ�óģêɊ�
�ėĈđóèɢè�³º�Ȱɢ��ááɐ

9Ä�ĩóė�ÌóóĈº�đó�ĀĄÏêđ�ĩóėĄ�óģê�ȫ��³ºĈÏÆêĈɊ���,á�ĈÌ,óĄÆº�,Ïê³ºĄ�
ĈÏêÆáºɢÄÏá�èºêđ�ȫ��ĀĄÏêđºĄ�ĄėêĈ��«óėđ�ɴȫȨȨɊ��ê³���³��ÏêÏ�
�óáóĄɯèÏêÏ�ȫ��ĀĄÏêđºĄ�óĈđĈ���ģÌóĀĀÏêÆ�ɴȩȮȨȨɐ�,Ïá�èºêđ�óĈđĈ�
�ĀĀĄóĨÏè�đºáĩ�ɴȫȨ�ĀºĄ�Ąóáá�ɞÏđ�á�ĈđĈ���áóêÆ�đÏèºɟɐ�9Ä�ĩóė�ÌóóĈº�
đóɯĈºê³�óėđ�ĩóėĄ�ȫ��³ºĈÏÆê�ÄóĄ�ĀĄÏêđÏêÆɊ�Āá�ê�óê�Ā�ĩÏêÆ��Ąóėê³�
ɴȩȨ�đó�ɴȫȨ�ĀºĄ�Āóėê³Ɋ�³ºĀºê³ÏêÆ�óê�đÌº�ÄÏá�èºêđ�è�đºĄÏ�áĈ�ĩóė�
ĄºăėºĈđɐ

eToys
You’ve probably noticed many devices named iSomething or eSomething 
these days. The i stands for Internet and the e stands for electronic. Devices 
named iSomething, such as smart watches and mobile phones, use the 
Internet in some way. Devices named eSomething include all sorts of toys 
that use electronic circuitry in them. Everything from remote-controlled 
cars to the old-school game of Operation can be considered an eToy.

The micro:bit board can serve as electronics component of a toy, turning it 
into an eToy. Sensors on the micro:bit can make measurements about its 
environment. Onboard memory allows it to store code that provides 
instructions to the device. And external batteries provide the power needed 
to operate it! But the micro:bit itself is just an electronics board, so as an 
eToys designer, you need to think about the fancy and fun physical parts 
you’ll need to add to make your eToy say, “Play with me!”
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For the Magic 8-Ball toy, you can create a real eToy by making plastic shell 
and adding the coded micro:bit board and battery pack to it. You can use 
all sorts of materials to make the shell, from Styrofoam to a Nerf ball to 
Play-Doh. Another option is to design a shell in a 3D design program such 
as Tinkercad (www.tinkercad.com/) and then print it using a 3D printer.

I created a design at www.tinkercad.com/things/8QdTqoXzVnl-8- 
ball-with-microbit/edit. I first found a micro:bit created and shared 
in Tinkercad, and then I designed my 8-ball shell around the micro:bit 
GHVLJQ��<RX�FDQ�XVH�WKLV�GHVLJQ��ȊWLQNHULQJȋ�ZLWK�LW�WR�PDNH�LW�\RXUbRZQ�
RUbFUHDWLQJ�VRPHWKLQJ�QHZ��.HHS�LQ�PLQG��WKRXJK��WKDW�PDQ\��'bSULQWHUV�
print in a single filament color, so even if you make your design with lots of 
FRORUV��LW�ZLOO�SULQW�LQ�WKH�RQH�FRORU�ORDGHG�LQWR�WKH��'�SULQWHU��ΖbXVHG�D�
FlashForge Finder, but you can find many other 3D printers. And if you 
don’t have a 3D printer, you can send your saved 3D design (as an .stl or 
.obj file) to a company that will print it for you for a small fee (search 
online for 3D printing companies). After you have your shell in hand, just 
pop in the micro:bit and battery pack (add a bit of tape to hold these in 
place) and shake to see a prediction in your eToy!
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CHAPTER

19
You’ve tackled a lot of fun projects in this book, but 
how do you bring your own ideas to life? How do you spark 
those ideas in the first place?

Unlike what many people think, coding is not a solo activity 
conducted in a dark room surrounded by caffeinated drinks. 
�ó³ÏêÆ�ÏĈ���ÌÏÆÌáĩ�Ąº�đÏĢºɯɠ��ê³�ÌÏÆÌáĩ�ĈóÏ�áɯɠ�ĀĄóºĈĈɊ�
one that solves real problems. The process of developing a 
new app, website, or control program for a gadget often 
brings together programmers, graphic designers, animators, 
musicians, data scientists, engineers, and advertising profes-
sionals. It’s not just you and your computer; it’s you and a lot 
of your peers working together towards a common goal!

Creating and 
Sharing
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For now, you don’t need an army of people to code cool projects, 
but you do need a little inspiration to get started. This chapter 
will help you get your creative juices flowing, as well as get your 
completed projects out in front of an audience. Sharing your 
work and engaging in a larger community of coders is one of the 
«ºĈđ�ģ�ĩĈ�đó�«ėÏá³�ĩóėĄ�ĈÞÏááĈɯɠ��ê³�ĩóėĄ�ĀóĈÏđÏĢº�ĄºĀėđ�đÏóêɐ

Programming Your Own Ideas
You may find it tough to think up something you want to create 
with code. Or you might have a great idea but then discover 
that someone else beat you to it. Or maybe you have a cool, 
revolutionary idea but don’t know how to turn something so 
complicated into code. Every coder on Earth has felt these same 
ÄººáÏêÆĈ��ê³�đÌóėÆÌđ�đÌºĈº�Ĉ�èº�đÌóėÆÌđĈɯɠ�ĩóėɭĄº�êóđ��áóêºɌ

The key to pushing past these roadblocks is to take concrete 
action: Design and code something small. Getting a project 
underway will provide you with something that you can expand 
and evolve, or use as a springboard for bouncing in a new 
 direction. In this section, you discover some techniques you 
�êɯėĈº�đó�Æºđ�Ąº�đÏĢº��ê³�Æºđ�ÆóÏêÆɐ

Remixing apps you like
What apps do you enjoy? Arcade games? Tamagotchi pets? 
Reaction time games? Why do you like them? Can you find 
something similar in the Scratch or App Lab or MakeCode 
libraries? In other words, can you find a kid-friendly example 
óÄɯđÌº�đĩĀº�óÄ�ó³ÏêÆ�ĩóė�ģ�êđ�đó�³óɑ

If you can find a project that appeals to you, you can remix�Ïđɯɠ�
start with the existing project and then change it to create your 
own version, adding new graphics and code however you want. 
Having a basic project as a starting point can help relieve some 
of the pressure of trying to create something from the nothing 
of a blank screen.
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,ÏÆėĄºɯȩȱɢȩ�ĈÌóģĈ���qĄ�đÌ�ĀĄóÛºđ��ááº³�qĄóááÏêÆ�qáóĀºÄóĄèºĄɊ�
by im_feeling_itchy. Scratchers are invited to remix the game 
and add new levels. To remix a project, click the Remix button 
at the top right of the project page. Your My Stuff folder now 
óêđ�ÏêĈ��ɯóĀĩ�óÄ�đÌº�ĀĄóÛºđɊ�ÄóĄ�ĩóė�đó�èó³ÏÄĩ�ÌóģºĢºĄ�ĩóė�
ģ�êđɐ��êɯattributionɯɠ���đÌ�êÞɢĩóė�êóđÏêÆ�đÌº�óĄÏÆÏê�á�è�ÞºĄ�óÄ�
đÌº��ĀĄóÛºđɯɠ�ÏĈ��³³º³�đó�ĩóėĄ�óĀĩɐ

Observing daily human challenges
As you go through your day, pay attention to some of the little 
things that could be improved, and then think about how you 
could put your coding skills to work to fix them.

Do you want to build a simple website to help your brother with 
his dog-walking business? Or a Scratch game to quiz you on 
your French vocabulary? Maybe a simple geolocation app that 
helps your mom find where she parked her car? (This project 
ÏĈɯº�Ĉĩ�đó�³ó�ėĈÏêÆ���.óóÆáº�Q�ĀĈ��i9��ê³��êóđÌºĄ�ĈÏèĀáº�
 programming language called App Inventor.)

)LJXUH�����b
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Or do you want to build a micro:bit temperature gadget that 
 messages you in your room when the dessert you’re refrigerat-
ing has reached the desired temperature? (I built the one shown 
Ïê�,ÏÆėĄºɯȩȱɢȪɐ��óė��ê�Ĉºº�đÌº�³ºÆĄººĈ��ºáĈÏėĈ�ĄºĀóĄđº³�ÄĄóè�
the micro:bit to the tablet, with the temperature reading drop-
ĀÏêÆ�đÌºɯèóèºêđ�đÌº�Æ�³Æºđ�ÏĈ�Āėđ�Ïêđó�đÌº�ÄĄÏ³Æºɐɟ

Start paying attention to the ways in which people of all ages 
Æóɯ�«óėđ�đÌºÏĄ�³�ĩĈɊ��ê³�Ûóđ�³óģê�ģÌ�đ�ĩóė�ó«ĈºĄĢº�Ïê���ÛóėĄê�áɐ�
�ĄºɯĀºóĀáº�³óÏêÆ�đÌÏêÆĈ�đÌ�đ�óĈđ�đÌºè�đÏèºɊ�èóêºĩɊ�ºÄÄóĄđɊ�óĄ�
Ì�ĀĀÏêºĈĈɯɠ�đÌÏêÆĈ�đÌ�đ�è�ĩ«º�đÌºĩ�óėá³�³ó��êóđÌºĄ�ģ�ĩɑ�
Reflect on your observations and add little drawings and notes 
about how to fix some of the challenges you observe. You might 
be able to transform some of your ideas into apps that could 
make big differences in people’s lives!

Entering some contests
One way to spark ideas is to answer a design challenge in a 
 competition. Contests such as the annual Congressional App 
Challenge (www.congressionalappchallenge.us/) invite  students 
to work individually or in teams to prototype any app concept 
that will be useful to people in their community. For example, 
one student team came up with an app to help local  veterans 
find support resources close to their homes. By thinking about 
and researching a specific audience and their needs, you begin 
empathizing with that group, and you can better ideate (come up 
with ideas for) new technology products to help them.

)LJXUH�����b
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Other contests are hosted by a variety of organizations, some-
times leading up to a special event or limited to specific regions 
or student audiences. For example, the Games for Change Student 
Challenge (www.gamesforchange.org/studentchallenge/) hosts 
competitions in major metropolitan areas, inviting students 
đóɯĄº�đº��ê³�Ĉė«èÏđ�Æ�èºĈ�đÌ�đ�è�Þº���³ÏÄÄºĄºêºɐ�"êđĄ�êđĈ��ê�
create games about one of the challenge themes, such as endan-
gered species, disrupting aging, and automated communities 
ȪȨȭȨɐ�Sºģ�óêđºĈđ�ĈĀóêĈóĄĈ��ê³�ºĢºêđĈ��ĀĀº�Ą�óêáÏêº�ģÏđÌ�
�Ģ�ĄĩÏêÆ�ÄĄºăėºêÏºĈɯɠ�ÛėĈđ�.óóÆáº�student app development 
 competitions every so often to see what’s out there!

Sharing and Showcasing Your Work
A great way to engage fully in the world of coding is to share 
your work, making it publicly viewable. Doing so allows others 
to use your app and provide feedback. Here’s how to share your 
work in each of the three IDEs used in this book.

Sharing a Scratch project
Scratch provides an exciting set of tools for sharing your work 
with the world. After you’ve completed a project, follow these 
steps to share it:

1. �đ�đÌº�đóĀ�óÄ�đÌº�ģóĄÞĈĀ�ºɊ�áÏÞ�đÌº�qºº�iĄóÛºđ�i�Æº�
button.

2. At the project page, click the Share button.

zÌº�ĀĄóÛºđ�Ā�Æº��ĀĀº�ĄĈɊ��Ĉ�ĈÌóģê�Ïê�,ÏÆėĄºɯȩȱɢȫɐ

3. In the empty Instructions box, type information about how 
đó�ėĈº�ĩóėĄ��ĀĀɐ�9ê�đÌº�SóđºĈ��ê³��Ąº³ÏđĈ�«óĨɊ�đĩĀº��êĩ��³³Ï-
tional information you want to provide.

4. If you want to add your project to a Scratch studio, click the 
Add to Studio button.

See the next section for help on creating a Scratch studio.
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