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CHAPTER 4

Before you start coding, look at the final program at
https://www.nostarch.com/scratchplayground/.

- ~e

Player 1 Score (F00 |

SKETCH OUT THE DESIGN

First, let’s sketch out what we want the game to do. The player
controls the cat, which can move left and right and jump. The
goal 1s to have the cat shoot baskets into a moving basketball
hoop, which will glide around the Stage randomly.

0.
Make the cat ghoot hoops.

I
0 Make the cat

Jump and fall.

Make the cat move
left and right.




If you want to save time, you can start from the skeleton
project file, named basketball-skeleton.sb2, in the resources
ZIP file. Go to https://www.nostarch.com/scratchplayground/
and download the ZIP file to your computer by right-clicking
the link and selecting Save link as or Save target as. Extract
all the files from the ZIP file. The skeleton project file has all
the sprites already loaded, so youll only need to drag the code
blocks into each sprite.

MAKE THE CAT JUMP
AND FALL

Let’s start by adding gravity to make the cat jump up and
fall down.

. Add the Gravity Code fo the Cat Sprite

Click the @ button for the Spritel sprite to open its Info Area.
Rename the sprite Cat, and then close the Info Area. Then
rename the program from Untitled to Basketball in the text
field at the top of the Scratch editor.

Click the Choose backdrop from library button under
New backdrop to open the Backdrop Library window. Select
brick walll and click OK to change the backdrop. The Stage
will look like this:
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Programming gravity requires variables. You can think
of a variable as a box for storing numbers or text that you can
use later in your program. We'll create a variable that con-
tains a number representing how fast the cat is falling.

First, make sure the Cat sprite is selected in the Sprite
List and then click the Scripts tab. In the orange Data cate-
gory, click the Make a Variable button to bring up the
New Variable window. Enter y velocity as the variable name.
(Velocity means how fast something is going and in what
direction. When y velocity 1s a positive number, the cat moves
up. When vy velocity 1s a negative number, the cat moves down.)
Make sure For this sprite only is selected. (If you see only
For all sprites, the Stage is selected, not the Cat sprite.) Then
click OK.

New Variable

Variable name: y velocity

. — ~ Make eure For thig
O For all sprites |@ For this sprite onIyH— gere onlg ie colocted!

oK Cancel

Several new blocks will appear in the Data category, and
one of those 1s the round y velocity variable block, shown here:

Make a Variable

v
\ set y 7velocity to n

change yvelocity by (1]

‘ show variable y velocity

hide variable vy velocity
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EXPLORE: FOR ALL SPRITES VS.
FOR THIS SPRITE ONLY

When you create the y velocity variable, you have to select For
this sprite only. This option creates a variable that only the
Cat sprite can use. The For all sprites option will create a vari-
able that all sprites can use.

To identify the kind of variable you've created, check the box
next to the round variable block in the Blocks Area to make
the variable appear on the Stage. If you selected For this sprite
only, the sprite name will display in front of the variable name.
But if you selected For all sprites, only the variable name
will show.

Il ver1.0 F . Scripts Costumes

WPlayground (shared) I I
Motion Ev

Cat: y velocity “ ‘ J Looks Bco

I Sound I Se
I Pen I O
| Data [ IIE

Make a Variable

|~ M y velocity

The Cat gprite name before Check this box to
y velocity meang that thig ig make the variable
a For thig gprite only variable. vigible on the Stage.

If you made a mistake and the sprite name Cat does not
appear at the start of the variable name in your program,
right-click the y velocity block in the orange Data category
and select delete variable from the menu. Then create the
y velocity variable again, making sure you select For this
sprite only.

As with any variable block, you can place the y velocity
block anywhere you would normally enter a number or some
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text. The code block will use the number or text set in the
variable. When you use variables, your program can change
the variable’s number or text while the program is running.
To put a value in your variable, you use the orange set
to block. For example, if you created a variable greeting, you
could use set to to put the value Hello! in it. Then, you could
use greeting in a say block, which would be the same as enter-
ing Hello!. (Don’t add these blocks or create a greeting variable
in your Basketball program; this is just an example.)

Use the set to block to put the
value Hello! in the variable greeting.

set greeting  to [0

say | greeting say

Thege two code blocke
do the eame thing!

If you want to change the greeting text while the program
1s running, you can add another set to block to your program.
If the variable contains a number, you can add to or subtract
from this number by using the change by block.

Gravity makes objects accelerate downward. In the game,
the Cat sprite has to move down, and the speed at which it
moves down must change while the program is running. Add
the following code to the Cat sprite to add gravity to your
Scratch program. This is the minimal amount of code you
need to make a sprite fall under gravity. You could add this
code to any sprite to make it fall.

when clicked

set yvelocity to [CJ

change y by 4 y velocity

change y velocity by @)




When you click the green flag, the y velocity variable is set
to 0, and then the script enters a forever loop. The y position
(vertical position) of the Cat sprite is changed by y velocity, and
y velocity is changed by -2. As the program goes through the
loop, the y position will change faster and faster, making the
cat fall faster and faster.

oBQ

S

SAVE POINT

Before you click the green flag, drag the Cat sprite to the top
of the Stage. When you click the green flag, notice that the cat
begins to fall. If you want the cat to fall again, click the red
stop sign, move the Cat sprite back to the top of the Stage, and
click the green flag again. Save your program.

2. Add the Ground Level Code

Right now, the cat falls. But we want the cat to stop when it
hits the ground. Let’s keep adding to the Cat sprite’s code so
it looks this:

change y by

if y position | > then

set y to

set vy velocity

Ce—
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In this code, we set the y position of the ground level
to -130. If the Cat sprite’s y position is greater than (above)
the ground level, then y velocity is changed by -2 and the Cat
sprite will fall. Eventually, the Cat sprite will fall past -130,
and its y position will be less than (below) the -130 ground
level. When that happens, the Cat sprite will be reset at the
ground level of -130, and y velocity will go back to 0 to stop
the sprite from falling.

Click the green flag to test the code so far. Drag the cat up
using your mouse, and let go. Make sure the cat falls to the
ground but does not fall past the edge of the Stage. You can
experiment with different ground levels by changing -130 to
another number. Then click the red stop sign and save your
program.

When you're done testing your program, make the y
velocity variable invisible on the Stage by unchecking the
checkbox next to it in the orange Data category.

3. Add the Jumping Code to the Cat Sprite

After adding the gravity code to the Cat sprite, making the cat
jump is easy. Add this code to the Cat sprite:

when up arrow  key pressed

y position = gk

3 e —
el: |y velocity tom

Now when you press the up arrow key, y velocity is set
to the positive number 20, making the Cat sprite jump up. But
the y velocity variable will still be changed by -2 each time the
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loop runs. So although the cat jumps by A

20 at first, the next time through the loop

1t will be at 18, then 16, and so on. Notice Q

that the if then block checks that the Cat O

sprite is on the ground. You shouldn’t be

able to make the cat jump if it’s already in

midair! ( <)
When y velocity 1s set to 0, the Cat

sprite is at the peak of the jump. Then

y velocity changes by -2 each time through

the loop, and the Cat sprite continues

falling until it hits the ground. Try exper-

imenting with different numbers for the

set y velocity to and change y veloc-

ity by blocks. Figure out how to make the cat jump higher or

lower (but always above the ground) or make gravity stronger

or weaker.

Click the green flag to test the code so far. Press the up arrow
key, and make sure the cat jumps up and falls back down.
Then click the red stop sign and save your program.

MAKE THE CAT MOVE LEFT
AND RIGHT

Let’s add the Cat sprite’s walking code
next so that the player can control the
cat with the keyboard.
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4. Add the Walking Code to the Cat Sprite

Add the following code to the bottom of the Cat sprite’s code:

when clicked

forever

~

if key left arrow pressed? . then

next costume

»
change x by

> 7
if key right arrow pressed? _ then

next costume
3

change x by

Inside the forever loop, the program checks if the left
arrow or right arrow key is being pressed. If it is, the Cat
sprite switches to the next costume and changes its x position
by -10 (moves to the left) or 10 (moves to the right). The Cat
sprite comes with two costumes that you can view by click-
ing the Costumes tab above the Blocks Area. By switching
between the two costumes using the next costume block,
you can make it look like the cat is walking.

SAVE POINT

Click the green flag to test the code so far. Press the left and
right arrow keys, and make sure the cat moves in the correct
direction. It’s okay if the cat walks backward when moving to
the left; that’s what we want. Then click the red stop sign and
save your program.




MAKE A HOVERING
BASKETBALL HOOP

Now that the Cat sprite is complete, let’s move on to the next
sprite in the game: the basketball hoop.

5. Create the Hoop Sprite

Click the Paint new sprite button next to New sprite. Before
you start drawing, click the Convert to vector button in the
lower-right corner. The drawing tool buttons will appear on
the right side of the Paint Editor. (Vector mode lets you draw
using shapes, rather than drawing the individual pixels of an
image.) Click the yellow color and use the Ellipse tool to draw
a hoop. You can also slide the Line width slider in the lower-
left corner to make the ellipse’s line thicker. Make sure the
Paint Editor’s crosshairs are in the center of the hoop.

costume1 n o Clear | Add | Import Yo 2+
K
f_?h
Crogghaire Y
N
=
@< Ellipge tool
T
&
ik
mEE 2y Q=a
= a w=i= 2o Convert to
| Vector Mode o
o EESEEEEE | B bitmap/vector button
A
Line width
alider Yellow color

Rename the sprite Hoop in its Info Area. We want the
Hoop sprite to play a cheer sound when the player makes a
basket, so let’s load the cheer sound next. Click the Sounds
tab at the top of the Blocks Area, and then click the Choose
sound from library button under New sound. When the
Sound Library window opens, select cheer and click OK.
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Sound Library
Category / / /’
All "T > "T E "T. >
Animal bird birthday bells birthday
Effects
Electronic
Human ’ Fd P
Instruments I‘ : > I‘ : > I‘ : >
hilBIGEadps chee chee cheer chomp
Musical Notes
Percussion
Vocals Ve Ve Ve
dZ » dZ » dZ »
D
OK Cancel

The cheer sound will now appear as an option for the play
sound block you’ll add to the Hoop sprite.

play sound cheer

Add the following code to the Hoop sprite to make it glide
randomly around the top half of the Stage. You’ll need to create
a broadcast message by clicking the when I receive block’s
black triangle and selecting new message. Name the new
broadcast message swoosh.

glide o secs to x: | pick random to b y:  pick random @P to

when I receive swoosh

play sound cheer

say for 9 secs
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Script @ makes the hoop slide to a new position every sec-
ond. A moving hoop will make the game more challenging to
play! Script ® plays the cheer sound and displays “Swoosh!”
when the swoosh broadcast 1s received. Later, we’ll make the
Basketball sprite broadcast this message when a basket is made.

6. Create the Hitbox Sprite

Now let’s think about how to create code that determines
whether or not the player makes a basket. We could write a
program that checks whether the basketball is simply touching
the hoop. But because the hoop is so wide, just the edges of the
basketball touching the hoop would count as a basket. We
want the basket to count only if the basketball goes through
the middle of the hoop. We’ll have to think of a better fix.

[f we simply checked whether
the bagketball wag touching the hoop,
thie would count ag g bagket.
But that's not how basketball worke!

Instead, you can create a hitbox. A hitbox is a game-design
term for a rectangular area that determines whether two
game objects have collided with each other. We’ll make a hit-
box sprite. Create a new sprite by clicking the Paint new
sprite button next to New sprite. Draw a small black square
in the middle of the crosshairs by using the Rectangle tool and
selecting the solid fill option. Rename this sprite Hitbox. The
Hitbox sprite will look like this:

&

\

<= Rectangle tool

®

. i

< Solid fll

Y

o

D- . HER / LY
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Add the following code to the Hitbox sprite:

' go to Hoop

The Hitbox sprite will now follow the Hoop sprite, no mat-
ter where it glides.

In Step 9, we’ll write a program that makes sure a basket
counts only if the basketball is touching the Hitbox sprite, not
the Hoop sprite. The basketball will have to be much closer
to the middle of the hoop to count as a basket!

It looks odd to see a black square in the middle of the Hoop
sprite, so let’s make the Hitbox sprite invisible. Add the set
ghost effect block to the Hitbox sprite and set it to 100.

when clicked

set ghost  effect to

. go to Hoop
- 7

There’s a difference between the hide block and the set
ghost effect to 100 block. If you used the hide block to make
the Hitbox sprite invisible, the touching blocks would never
detect that the ball was touching the Hitbox sprite, and the
player would never be able to score. The set ghost effect to
100 block makes the sprite invisible, but this block still allows
the touching blocks to detect the Hitbox sprite’s presence.



Click the green flag to test the code so far. Make sure the hoop
glides around the Stage and the hitbox rectangle is always in
the middle of it. Then click the red stop sign and save your
program.

MAKE THE CAT
SHOOT HOOPS

Next, you’ll add a basketball for the cat to throw. Like the cat,
the basketball will have gravity code and fall to the ground.

7. Create the Bagketball Sprite

Click the Choose sprite from library button next to
New sprite to open the Sprite Library window. Select the
Basketball and click OK.

Next, click the Sounds tab at the top of the Blocks Area,
and then click the Choose sound from library button next
to New sound to open the Sound Library window. Select the
pop sound and click OK. Click the Scripts tab at the top of
the Blocks Area to bring back the Scripts Area.

Now go to the orange Data category. You'll make two vari-
ables. Click the Make a Variable button. Name the variable
y velocity, and make sure For this sprite only is selected
before you click OK. Because
they are For this sprite only

variables, the Basketball sprite’s
y velocity variable is separate \
from the Cat sprite’s y velocity ~\

variable. Even though they have
the same name, they are two dif-
ferent variables.

Click the Make a Variable
button again to make another
variable named Player 1 Score,
but this time select For all
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sprites. (We capitalize Player 1 Score because we’ll make it
visible on the Stage. Uncheck the box next to y velocity to hide
it on the Stage.) The new variable blocks should appear in the
orange Data category.

Make a Variable

=8 Player 1 Score

il y velocity

set y velocity to n

8. Add the Code for the Bagketball Sprite

After you've added the pop sound and two variables, add this
code to the Basketball sprite:

when clicked

set Player 1 Score to ﬂ

when space key pressed
play sound pop

go to Cat

set vy velocity to

show
repeat until vy position | <

change x by e
»

change y by | y velocity

| 3
change vy velocity by e

3
turn (4 6 degrees

Script @ makes sure the player starts with 0 points and
hides the Basketball sprite to start.
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Script ® uses code similar to the Cat sprite code. When the
player presses the spacebar, the basketball appears in front of
the cat and starts moving forward. The code sets the Basketball
sprite’s y velocity variable to a positive number, just like how the
Cat sprite’s y velocity variable is set to a positive number when
the cat jumps; this is how the cat throws the ball.

The repeat until y position < -130 block will keep the
Basketball sprite falling until it reaches the ground. When it
reaches the ground, the basketball will be hidden until the
next time the player presses the spacebar.

Click the green flag to test the code so far. Press the spacebar
to make the cat throw the basketball. Make sure the basket-
ball disappears when it touches the ground. Then click the red
stop sign and save your program.

Q. Detect Whether a Bagket le Made

Next, you'll add the code that checks whether the Basketball
sprite 1s touching the Hitbox sprite. This 1s how you know
whether a basket has been made, and if it has, the Player 1
Score variable should increase. However, there 1s one snag:
the basket shouldn’t count if the basketball goes up through
the hoop.

Keep in mind that if the y velocity variable is positive, the
change y by y velocity block will move the Basketball sprite
up. If y velocity is 0, then the Basketball sprite is not moving
up or down. But if y velocity is a negative number, then the
Basketball sprite will be falling down.

So you’ll add another if then condition to the Basketball
sprite’s code. You'll increase the score only if the basketball is
touching the hitbox (using the touching Hitbox? block) and
falling downward (y velocity < 0).

SHOOTING HOOPS WITH GRAVITY
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c'ha'n'ge x by e
change y by

turn (A O degrees
’7 S — — — —_

if touching Hitbox ?  and y velocity <n then

change Player 1 Score by o
3

broadcast swoosh

The and block combines two conditions. For Scratch to run
the code blocks inside the if then block, both of these conditions
must be true. It isn’t enough for the sprite to be touching the
Hitbox sprite or for the y velocity variable to be less than 0.
Both touching Hitbox? and y velocity < 0 must be true for
the player to score. If these conditions are true, the Player 1
Score variable is increased by 1 and the swoosh message is
broadcasted.

oBQ

S

SAVE POINT

Click the green flag to test the code so far. Shoot some bas-
kets. The Player 1 Score variable should increase only if the
basketball touches the center of the hoop and is moving down.
The Hoop sprite should also say swoosh and play the cheer
sound when this happens. Click the red stop sign and save
your program.
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0. Fix the Scoring Bug

Did you notice that Player 1 Score increases by several points
for a single basket? This 1s a bug, which i1s a problem that
makes the program behave in an unexpected way. We'll need
to take another careful look at the code to figure out why this
happens.

The repeat until loop block keeps looping until the ball
hits the ground, so all of this code is for a single throw. The
repeat until loop block checks several times whether or not
the Basketball sprite is touching the Hitbox sprite and falling
down. The Player 1 Score should increase only the first time.

You fix this bug by creating a new variable that keeps
track of the first time the basketball touches the hoop for a
single throw. Then you can make sure the player scores a
point only once per throw.

Click the orange Data category at the top of the Blocks
Area, and then click Make a Variable. Name the variable
made basket and select For this sprite only. Then modify
the Basketball sprite code.

set made basket to

-130

wm (4 O

y velocity < ﬂ and made basket = m

set made basket to §ES
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The made basket variable
1s set to no when the player
first presses the spacebar.
This makes sense because
the player has not made a
basket when the ball 1s 1ni-
tially thrown. We'll also use
an and block to add another
condition to the code that
checks whether a basket has
been made. A basket 1s now
detected and the code in the if
then block 1s run when three
conditions are true:

1. The Basketball sprite is touching the Hitbox sprite.

2. The y velocity variable is negative (the basketball is fall-
ing down).

3. The made basket variable is set to no.

The first time the Basketball sprite detects it has made a
basket, it increases Player 1 Score by 1 point and sets made
basket to yes. In future checks for that shot, made basket will
not be equal to no, so the basket is no longer detected. The
made basket variable resets to no the next time the player
presses the spacebar to throw the basketball.

Click the green flag to test the code so far. Shoot some bas-
kets. Make sure that Player 1 Score increases by only 1 point
for each basket. Then click the red stop sign and save your
program.
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THE COMPLETE PROGRAM

Here is the final code. If your program isn’t working correctly,
check your code against this code.

Cat

when clicked when clicked

forever

-

set yvelocity to [

forever if key left arrow pressed? _ then

next costume

»
change x by

change y by | y velocity
| 3

if y position > @GER “then

7z

change vy velocity by e
\ key right arrow pressed? then

b 2
if y position < then 'next sostume

change x by m
set y to @ED ;
>

set v velocity

when up arrow key pressed
if y position = [EEI] “then

set v velocity to pdo]

when clicked

set ghost effect to 1)
forever

go to Hoop

Hoop

when clicked

forever

-50 R

glide Gsecs to x:  pick random @& to y: | pick random

when I receive swoosh

play sound cheer

say for 9 secs
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Basketball

when clicked

set Player 1 Score to n

when space key pressed

set made basket to m

play sound pop
go to Cat

set Y velocity to P2

repeat until y position < @k

change x by e
»

change y by | y velocity
»

change v velocity by @)

»
turn (U @ degrees
§

if touching Hitbox ? and y velocity <ﬂ and made basket =m then

change Player 1 Score by @
>

set made basket Ll yes
»

broadcast swoosh

VERSION 2.0: TWO-PLAYER MODE

Let’s upgrade the Basketball game by adding a second player.
This will be easy since the second player’s code will be almost
1dentical to the first player’s code.

Duplicate the Cat and Basketball Sprites

Duplicate the Cat sprite and the Basketball sprite by right-
clicking them in the Sprite List and selecting duplicate.
Select the new Cat2 sprite and click the Costumes tab at the
top of the Blocks Area. Use the Fill tool to make the cat blue.
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Then click the Flip left-right button at the top-right corner
of the Paint Editor to make the second player shoot for the
hoop from the other side.

costume1 o Clear || Add | Import 7 olg ?c;"ﬂ

- J—
e Click the Flip
Click the orange e

left-right button.

parte of the cat.

B =S00/~>r+

- - . [ 1 | [ 7y Q=Q
) HEE 200%
- RN
— (T 1] Vector Mode
-f" EEEEEEEE .
EEEEEEEE Convert to bitmap

Modify the Code for the Cat2 Sprite

Change the code in the new Cat2 sprite to match this:

when clicked

forever
-

if key a pressed? . then Qe Changed H’]e key

next costume
»
change x by

2

if key d pressed? _then (— Changed the key

next costume
»

change x by

when w  key pressed Changed the keg
if y position | = then

set v velocity to
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Now two different players will be able to play the game
using the same keyboard. Each cat will be controlled by its
own unique keys.

Modify the Code for the Bagketball2 Sprite

The second player will need their own variable for keep-

ing score. From the orange Data category, click the Make a
Variable button, name the variable Player 2 Score, and select
For all sprites. Change the code in the new Basketball2 sprite
to match the code shown here.

when clicked

set Player2score  to [ Changed the variable

when ¢ key pressed Changed the key
set made basket to

play sound pop
go to Cat2 Changed the gprite
set v velocity to

show

repeat until y position <

| change x by & < Changed the number

»

change y by | y velocity
b
change vy velocity by &

) Changed to the turn counterclockwise block
| turﬂ ) e degrees

if touching Hitbox ? and y velocity <n and made basket =m then

change Player 2 Score by €
»

set made basket to
>

broadcast swoosh

U Changed the variable

This code makes the basketball thrown by the second
player go to the left and assigns the Player 2 Score variable to
the second player. You can rename a variable by going to the
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orange Data category, right-clicking the variable, and select-
ing Rename variable.

CHEAT MODE: FREEZE THE HOOP

The moving basketball hoop is a hard target to hit. Let’s add
a cheat that will freeze it in place for a few seconds when a
player presses the 7 key.

Select the Hoop sprite, and click the Make a Variable
button to create a new For this sprite only variable named
freeze. Then modify the code for the Hoop sprite to match the
following code.

set freeze to

freeze = [ = then

glideo secs to x: | pick random to y: | pick random @ to

play sound cheer Remember to add the new
ey 2 15T pick random block for y!

when 7 key pressed

set freeze to NS

wait 6 secs

set freeze to m

oBQ

-

\

O

SAVE POINT

Click the green flag to test the code so far. Press the 7 key, and
make sure the hoop stops gliding to new positions for 6 seconds.
Then click the red stop sign and save your program.

J
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