Project 1: Game of Bricks
Game Description
This is a game you play with a ball and a flat paddle. A number of bricks are lined up
at the top of the screen. As the ball bounces up and down you use the paddle to hit
the bricks and score points. The ball must not touch the ground: after 3 such touches
you lose the game. If you hit all the bricks you win the game. You can control the
difficulty level of the game by changing the speed of the ball.
Do you want to check out a working Scratch version of this program? Click on the
image below (or the URL just below it). I encourage you to explore the program and
its various features. But, don’t look at the Scratch scripts yet; we want to design this
program ourselves!
How to play the game:
1.
2.
3.

Click on the “Green flag”: everything is reset to the original state.
Set ball speed using the slider.
Press SPACE BAR to start the game.

Link: https://scratch.mit.edu/projects/104716301/
Game of Bricks |

1

Scratch and CS Concepts Used
When we design this program, we will make use of the following Scratch and CS
concepts. I assume that you are already familiar with these concepts. If not, or if
you want to brush up on these concepts, you should refer to the free downloadable
supplement to this book at
http://www.abhayjoshi.net/scratch/book1/supplement.pdf.

Main concepts:
-

Algorithms
Backdrops - multiple
Concurrency - running scripts in parallel
Concurrency - race condition
Conditionals (IF)
Conditionals (Wait until)
Costumes
Events
Looping - simple (repeat, forever)
Motion - absolute
Motion - relative
Motion - smooth using repeat
Relational operators (=, <, >)
Sensing
Sequence
Stopping scripts
Synchronization using broadcasting
User events (keyboard)
User events (mouse)
Variables - numbers
Variables - as remote control
Variables - properties (built-in)
XY Geometry

Additional concepts (for the advanced version):
OOP - creating instances using clones
Random numbers
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High Level Design:
Let’s take a look at the main screen of the game and try to point out the different
pieces.

The order in which we should work on these different pieces of the program is really
up to us. It probably makes sense to first get the ball bouncing around the screen.
Then, we will add a paddle that can be moved by the user. The ball must bounce
off the paddle. Next, we will add the bricks which must disappear upon touching
the ball. Next, we will add the idea of “number of lives” to the game. Finally, there
are a few little things that will wrap up the game, such as variables to count things,
controlling the speed of the ball, etc.
So, let’s get rolling with these various ideas one by one. Be sure to try writing your
own scripts for each idea before looking up the “Solutions” section.

Initial Version
In the initial version of the program, we will work on the following feature ideas:
-

Get a “ball” sprite and make it bounce freely. After pressing SPACE BAR the 		
ball should start bouncing around, primarily in the vertical direction.
Add the paddle. The paddle should move left-right only and follow the mouse
pointer. The ball should bounce off the paddle.

For this initial version, give your project a special name (using “Save as”). For
example, I am calling my copy as Bricks-1.
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Feature Idea # 1: Bouncing ball
Get a “ball” sprite and make it bounce freely. After pressing SPACE BAR the ball should
start bouncing around in the vertical direction.
Design:
I think this is so easy you can straightaway write the script. You already know how to
get free motion in the horizontal direction. So, the only tricky challenge is to make
the ball move up and down.
Hint: Think about setting the ball’s direction before it starts moving.

Feature Idea # 2: Paddle
Add the paddle. This involves two steps.
Step 1: The paddle should move left-right only and follow the mouse pointer.
Design:
How will you ensure that the paddle only moves horizontally?
Well, we can do that by keeping its Y coordinate fixed. So, whatever commands we
use the paddle’s Y coordinate must not change.
And, how will you make the paddle follow the mouse pointer?
Since Y is not to change, the paddle’s X coordinate will continuously vary according
to the pointer’s X coordinate. In other words, the paddle’s X coordinate will always
be equal to the pointer’s X coordinate.
Hint: The “set x” command sets the sprite’s X coordinate, and the “mouse x” property
(under “Sensing”) gives the pointer’s X coordinate.
Step 2: Make the ball bounce off the paddle.
Design:
First, you will need to teach the ball to sense when it touches the paddle.
You can use the “touching” condition in an IF statement.
“Bouncing” actually is a complex idea (think about reflection of light), but for now
we will keep it simple: we will assume that bouncing essentially means turning
around and moving away. The turning angle must be large. You can experiment and
try different values.
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Save Program Version 1
Before continuing to the next set of ideas, we will save our project. This way, we have
a backup of our project that we can go back to if required for any reason.
Compare your program with my program at the link below.
Bricks-1: includes ideas 1 and 2 explained above.
Link: https://scratch.mit.edu/projects/104538051/

How to play the game:
1.
2.
3.

Click on the “Green flag”: everything is reset to the original state.
Press SPACE BAR to start.
The ball starts bouncing up and down, and you can move the paddle left-		
right by moving the mouse pointer.

Next Set of Features/ideas:
1. Add bricks and make them work as expected. We will do this in three steps.
		 a. Insert one brick sprite. The brick should appear at the start of the 		
			 game and disappear when the ball touches it. Add a “score” variable, 		
			 which will increase by 1 when the brick is hit by the ball.
		 b. Next, duplicate the brick sprite to have multiple bricks. The script for 		
			 each will be identical.
		 c. Stop the game when all bricks have been hit, and declare victory.
2. Add a “speed” slider variable to control the speed of the ball.
For this version, make a copy of your project (using “Save as”) under a different
name. For example, I am calling my copy as Bricks-2.

Feature Idea # 3: Bricks
Add bricks and make them work as expected.
Note that we can design just one brick sprite and then duplicate it to have as many
as desired – I have 18 in my program. We will do this in three steps.
Step 1: Insert one brick sprite. The brick should appear at the start of the game and
disappear when the ball touches it. Keep “score”, which will increase by 1 when the
brick is hit by the ball.
Design:
Sensing that the ball has touched the brick is straightforward: it would be similar to
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the way we did the paddle and ball above.
Score will be maintained by a variable called “score”. The brick needs to follow the
following algorithm after the game starts:

Step 2: Next, duplicate the brick sprite to have multiple bricks. The script for each
will be identical.
This is self-explanatory! Just make sure the bricks are laid out nicely in rows.
Step 3: Stop the game when all bricks have been hit, and declare victory.
Design:
We now have the “score” variable to count the number of hits. When it equals the
number of bricks, we will know that the game has been won. The stage can do this
work using an additional script. Its algorithm will be as follows:

Feature Idea # 4: Control speed
Allow the user to set the speed of the ball.
Design:
How will you arrange things so that the user can set the speed of the ball?
The speed of the ball is decided by the “move” command. Bigger the input of “move”,
higher the speed would be. So, you could use a variable in place of move’s input. By
displaying this variable as a “slider” you can allow the user to control its value.

Save as Program Version 2
Before continuing to the next set of ideas, we will save our project. This way, we will
have another backup of our project that we can go back to if required for any reason.
Compare your program with my program at the link below.
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Bricks-2: includes ideas 3 and 4 explained above.
Link: https://scratch.mit.edu/projects/104712575/

How to play the game:
1.
2.
3.

Click on the “Green flag”: everything is reset to the original state.
Set ball speed using the slider.
Press SPACE BAR to start the game.

Final Set of Features/ideas:
1.

2.

Implement the “number of lives” feature. We should see the number of lives
as a set of balls. Every time the ball touches the ground (lower edge of the 		
screen), we should see one ball less. When all lives are used, the program 		
should declare that we lost.
Right now the ball doesn’t bounce off the bricks; it just goes through them. 		
Make it bounce off the bricks.

For this final version, make a copy of your project (using “Save as”) under a different
name. For example, I am calling my copy as Bricks-final.

Feature Idea # 5: Number of lives
Implement the “number of lives” feature. We should see the number of lives as number
of balls. Every time the ball touches the ground (lower edge of the screen), we should see
one ball less. When all lives are used, the program should declare that we lost.
We will do this in 3 steps. In step 1, we will use a variable to count the number of lives.
In step 2, we will actually show the number of lives (as balls) on the screen. And in step
3, we will ensure the game declares “You lose!” when all lives have been used.
Step 1: Add a variable called “lives” which will track the number of “lives”. Every
time the ball touches the ground, one life is lost. If the game allows, say 3 lives, the
game should stop after 3 touches.
Design:
How will you make the ball sense that it has touched the bottom edge of the screen?
Well, there is no special command “if touching bottom edge”, so we will have to
improvise. We will color the bottom edge of the stage to represent “ground”, and
then use the “touching color” condition in an IF statement. After every touch, we
will decrement the lives variable. And, when lives becomes 0, we will stop the game.
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Step 2: Show the “number of lives” on the screen.
Design:
We will do this by using a new sprite called “lives”. This sprite will have 3 costumes
– showing 3, 2, and 1 ball(s) respectively. By tracking the “lives” variable, this sprite
can show the appropriate costume. Its algorithm will be as below:

Draw the sprite (along with its 3 costumes) and write a script to implement the
above algorithm.
Step 3: Add another screen to declare when the game is lost.
Design:
The stage will have a new backdrop to declare “loss”. The ball sprite knows when the
game is lost with the help of the following script:

Feature Idea # 6: Bounce off the bricks
Make the ball bounce off the bricks also.
Design:
When the ball touches a brick, two things need to happen: (1) the ball should bounce
off the brick, and (2) the brick should disappear. We have already done the second
part by having the brick “sense” the touch. To do the first part, the ball will need to
sense the touch as well.
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If we ask both the ball and the brick to do the sensing, we risk having a “race
condition” – a condition in which two entities are actively checking for a single
event and one of them is likely to miss it. (See Concepts appendix for a detailed
explanation of “race condition”).
To avoid this race condition, only one of the touching parties (ball or brick) should
sense the touch and inform the other via broadcast.

Save as Program Version “Final”
Congratulations! You have completed all the main features of the game. As before,
let’s save this project before continuing to the advanced ideas.
Compare your program with my program at the link below.
Bricks-final: includes ideas 5 and 6 explained above.
Link: https://scratch.mit.edu/projects/104716301/

How to play the game:
1.
2.
3.

Click on the “Green flag”: everything is reset to the original state.
Set ball speed using the slider.
Press SPACE BAR to start the game.

Advanced Features
We can make several improvements in our program as listed below. These features
are optional, so, implement only those that you find interesting and useful.
For this advanced version, make a copy of your project (using “Save as”) under a
different name. For example, I am calling my copy as Bricks-adv.

Feature Idea # 7: Correct bouncing
We have implemented the action of “bouncing” off the paddle (and bricks) quite
arbitrarily. Make it more realistic (like the Scratch command “if on edge bounce”).
Design:
Presently, our program just uses a “turn 150” command to implement bouncing
off the paddle. The angle 150 is quite arbitrary. That is not how real-life bouncing
works. The Scratch command “If on edge bounce” is a great example of realistic
bouncing. So, let’s understand how that command works.
In Scratch, the “direction” property of a sprite indicates its angle with North. So, 0
means North, 90 means East, -90 means West, and so on.
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When a sprite bounces off a vertical edge (left or right), its “direction” changes only
in sign. So, 30 becomes -30, -110 becomes 110, and so on. When the sprite bounces
off a horizontal edge (top or bottom), its “direction” after the bounce is 180-A where
A is its direction before the bounce.
That is how the “If on edge bounce” command calculates the turning angle.
To keep things simple, we will only consider vertical bouncing for both the paddle
and the bricks.
Modify your bouncing scripts and then compare with the solution given in the
“Solutions” section.

Feature Idea # 8: Layout of the bricks
Laying out the bricks manually is tedious and may not give a perfectly uniform look.
Make this task of brick placement programmatic (i.e. through your scripts) and remove
the manual error.
Design:
The idea basically is to find a way to calculate the x and y coordinates of each brick
and use the “Go To” command. We will use variables to do this.
Let’s say, variables firstX and firstY show the location of the top-left brick, and
variables “L” and “H” show the length and height of each brick (plus some empty
space). Using these variables, we can lay out the bricks neatly in two rows.
The following table shows a few examples of how these variables can be used to
calculate positions of bricks:
Brick

X coordinate

Y coordinate

1st brick in first row

firstX

firstY

5th brick in first row

firstX + (4*L)

firstY

3rd brick in second row

firstX + (2*L)

firstY – (1*H)

3rd brick in fourth row

firstX + (2*L)

firstY – (3*H)

In general, we can deduce the following equations to give the x and y coordinates of
any brick:
x = firstX + (column # – 1) * L
y = firstY – (row # – 1) * H
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For example, the following script will position a brick in the 4th place in the 1st row:

Someone in our Scratch program will need to set these four variables to appropriate
values at the very beginning (when green flag is clicked). The stage would be a good
candidate for that work. More importantly, the bricks must position themselves after
the variables have been set. We can ensure this by using broadcasting. The stage will
send a broadcast message after the variables have been set, and each brick will act
upon receiving this message.
For example, the script below is for the 3rd brick in the 2nd row:

Feature Idea # 9: Clones for bricks
You might have seen that it is tedious to use multiple sprites for bricks since any change
requires a lot of duplication of work. If we use the idea of “clones”, we just need one
brick sprite.
Design:
The main (parent) brick will itself remain hidden, but create the required number
of clones. It will also set x and y variables which each clone can use to position itself
correctly.
Algorithm:
For the parent brick:
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And then, each clone will run the following algorithm:

Save as Program Version “Advanced”
Congratulations! You have completed all the advanced features of the game. As
before, let’s save this project.
Compare your program with my program at the link below.
Bricks-adv: includes the advanced features listed above.
Link: https://scratch.mit.edu/projects/104716140/

How to play the game:
1.
2.
3.

Click on the “Green flag”: everything is reset to original state.
Set ball speed using the slider.
Press SPACE BAR to start the game.

Additional Challenge(s)
Sometimes the ball starts moving perfectly horizontally. When that happens, there is
no alternative but to restart the game. Can you add a script to detect this condition and
alter the ball’s movement?
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Design:
We can use the “direction” property of the ball sprite to detect this condition. Fixing
it is easy: just nudge the ball in a different direction by turning.

Solutions to Feature Ideas
Feature Idea # 1:
Script for the “Ball” sprite:

Feature Idea # 2:
Step 1:
Script for the “paddle” sprite:

Feature Idea # 3:
Step 1:
Script for the “brick” sprite:
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Note that someone will need to initialize the “score” variable to 0 at the start of the
game. You can really have any sprite do this. But, since this variable isn’t tied (or
related) to any particular sprite, it’s a good policy to let the Stage do this initialization.
Step 3:
Script for the “stage”:

Feature Idea # 4:
The “speed” variable as a slider:
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Script for the “ball” sprite:

Feature Idea # 5:
Step 1:
Script for the “ball” sprite:

* Without this wait statement, it is possible that the forever loop would sense a single
touch multiple times and decrement the variable more than once. See it for yourself.
With this “wait” added the other motion script would have taken the ball away
preventing multiple decrements.
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Step 2:
Script for the “lives” sprite:

Step 3:
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Feature Idea # 6:

Feature Idea # 7:
Script for the “ball” sprite:

We will add a slight randomness to ensure the ball doesn’t get stuck in some fixed
pattern.
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Feature Idea # 8:
Solution is discussed in the design section itself.
Feature Idea # 9:
Refer to the program file for the advanced version.
Additional challenge:
Script for the “ball” sprite:
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