
Game of Connect 4 
(Note: This is an updated/enhanced version of the same program I wrote for my book "Advanced Scratch 

Programming". This new version below uses clones, is able to detect a winner, and uses "a monkey" as one of the 

players.) 

 

Connect Four is a 2-player game which consists of two sets of colored coins and a standing 

grid of rows and columns. Each player takes one set of coins and then by turn drops coins 

down any of the vertical columns (we will call them “tubes”). See the picture below. 

 

 
 

The goal of the game is to get 4 coins of the same color to arrange themselves along a row, 

column, or diagonal. The first player to do this wins the game.   

 

If you want to play with my final program to get a feel for this game, click the link given at the 

end of the article. Try not to peek at the scripts yet, since we want to design them ourselves 

below. Click here to download all program files. 

How to run the program: 
1. Click the “Green flag” to start the game. Press "h" to view help. 

2. You (the human player) begin with the "Orange" coin and the computer plays with 

"Blue" coins. The variable “Turn” shows whose turn it is. 

connect4.zip


3. Set the slider variable "Monkey coins" to determine how many coins the computer will 

get to drop at every turn. 

4. Click the base of the tube in which you want to drop your coin. 

 

 
 

Scratch and CS Concepts Used 
When we design this program, we will make use of the following Scratch and CS concepts. 

Learn these concepts if you don't know them before proceeding further. 

Main concepts: 
- Algorithms 

o Abstraction 

o Using algorithms 

o Designing new algorithms 

o Pseudo-code 

- Arithmetic 

o Expressions 

o Basic operators (+, -, *, /) 

- Backdrops – multiple  

- Concurrency 

o Synchronization using broadcasting  

- Conditional statements: 

o Conditions: YES/NO questions 

https://scratch.mit.edu/projects/91400545/


o Relational operators (=, <, >) 

o Conditionals (IF) 

o Conditionals (If-Else) 

o Conditionals (Wait until) 

o Conditionals (nested IF) 

o Boolean operators (and, or, not) 

- Data structures – list 

o List operations 

o Using list as 2-D array 

o List traversal 

- Data types – strings 

o String operations (join, letter, length of)  

- Events 

- Geometry - parallel lines 

- Looping (iteration) 

o Looping - simple (repeat, forever) 

o Looping - conditional (repeat until)  

- Motion  

o Motion - absolute 

o Motion - smooth using repeat 

- OOP 

o Clones  

o Clones differentiation: using private id 

- Pen commands  

- Procedures 

o Built-in 

o User defined (custom) 

o With inputs 

- Program output 

o Text 

- Sequence 

- Sounds - playing sounds  

- User input 

o Click buttons 

- Variables 

o Simple 

o Properties (built-in) 

o Local/global scope 

- XY Geometry  



High Level Design: 
This is where we take a step back from the computer (literally!), analyze the problem in our 

mind (and on a piece of paper if necessary), and break it down into multiple smaller ideas 

which can be programmed separately. 

 

Let’s take a look at the main screen of the game and try to point out the different pieces. 

 

Initial Set of Features: 
Clearly it makes sense to start with the most basic apparatus – which is 2 sets of coins and the 

grid. At this stage, we won’t trouble ourselves with the actual playing part or rules of the game 

(as listed in “program description” above). We will implement the game’s main user interface 

and get all sprites in place. How will we represent the collection of coins? Once a coin is 

dropped in a tube, it doesn't do anything. So, we could use just 2 coin sprites and use their 

clones to create the dropped coins. We also need a grid of identical tubes (columns) each with 

a solid clickable base.  

 

That will be our starting version of the game. We will discuss what to do next after building 

this version. 

 

Let us get rolling with these various ideas one by one.  

Feature Idea # 1: Coins and the grid 
Draw the coin sprites and the grid of vertical tubes. 



 

Step 1: Draw the coin sprites. 

Design:  
To play the game we need lots of orange and lots of blue coins. But, how many sprites do we 

need? 

 

Let us consider what happens to each coin. When a coin is dropped into a tube it just sits there 

until the game is over. We can use the clone feature to create an image of a coin when it is 

dropped in a tube. So, that means we just need two sprites: one for the orange coin and one for 

the blue coin. We will take care of the actual script later. For now, we will just draw the sprites. 

 

Draw circle sprites with thick border. Fill them with gradient of the same color. 

Resize them such that they fit the width of the tube. 

 
Step 2: Draw the grid (series of tubes). 

Design:  
It is really up to us to decide how many tubes we should have. In my program, I have drawn 8 

tubes. You can do the same or use a different number. 

 

The grid, as you can see, has two parts: 

1. A series of vertical lines which define the tubes 

2. A solid base for each tube 

 

The solid base of each tube will have to be a separate sprite, because, the players will select a 

tube by clicking its base. We can just draw one base and create duplicate sprites. 

 

The vertical lines can be drawn as a sprite (or part of the background), but it is quite tedious to 

draw equidistant (equally spaced) parallel lines in the paint editor. Instead, we will draw them 

in the program itself using the Pen commands and some simple geometry. First, we will draw 

the 8 bottom sprites and line them up in a straight line (see solution below). 

 

The algorithm to draw the lines for the tubes is quite simple. Let’s say “w” is the width and 

“h” is the height of each tube. Let’s say point (x, y) is on the left edge of the first base. 

 

Algorithm to draw the tubes: 



 

Save as 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. 

 

Next Set of Features/ideas: 
Next, we will write scripts for dropping coins in the tubes. This involves the following 

features:  

- Choosing a tube 

- Choosing the right coin to drop 

- Positioning a coin on top of the selected tube 

- Dropping a coin down the selected tube 

- When a tube becomes full, don’t allow coins to drop in it. 

 

Let us get cracking with these ideas and features one by one. 

Feature Idea # 2: Choosing tube and coin 
Implement a way for the players to choose a tube, and have a way for the players to take turns. 

Design:  
Selecting a tube is straightforward. Since each tube has a separate base sprite, the players can 

simply click on the base to choose a tube. 

 

To ensure players play by turn, we can have a variable called “Turn” which will indicate 

whose turn it is. If it says “orange” an orange coin will be dropped and if it says “Blue” a blue 

coin will be dropped. 

 



Feature Idea # 3: Drop the coin 
Write scripts to position the selected coin on top of the selected tube and drop it into the selected tube. 

 

Step 1: Position the coin on top of the selected tube. 

Design:  
The variable “Turn” tells us which coin is to be dropped. The player will click on the base of 

the selected tube. In order to position a coin on top of this tube we need to know the X and Y 

co-ordinates of the point. We can pick some arbitrary value of Y which is somewhere above all 

tubes. How about X? 

 

Well, we can use the X of the base sprite, right? Each base, when clicked, can save its X 

position in a variable. 

 

There is one last thing we need to take care of. Since clones inherit everything of their parents, 

including its scripts, the "fall" script will be run by the parents as well as all clones, unless we 

can prevent it somehow. 

 

There is one way: we will use a private variable called "my id" whose value would be different 

for the parents and for each clone. And then, the "fall" script will check this id (and ensure it 

matches the parent's) before proceeding. 

 

 
Step 2: Drop the coin into the selected tube. 

Design:  
Making the coin drop into the tube is straightforward. We can make it move downward until 

it reaches the last coin in the tube. 

 

The coin sprite will create a clone which will perform the actual motion of dropping down the 

tube. The clone needs to know the starting and ending (x, y) for its motion. We calculated the 

X and Y of the starting point above. What about the ending point? Well, the X value will 

clearly be the same. If we knew the number of existing coins in the tube and the coin's 

diameter, we can calculate the ending Y point also. 

 

Y = Y of the 1st coin + (diameter of each coin) x number of coins in the tube 

 

We will maintain an 8-item list called "balls in tubes" in which each item will tell us how many 

coins there are in that tube. For example, item 1 will tell # of coins in the 1st tube, item 2 will tell 

# of coins in the 2nd tube, and so on. 

 

But, who will create and maintain this list? Every time a tube (i.e. its base) is clicked we will 

increment its corresponding item in this list. 



 

Feature Idea # 4: Tube full condition 
When a tube becomes full, don’t allow coins to drop in it. 

Design:  
There are different ways to implement this feature. For example, you could keep a count of the 

number of coins inside each tube in a list variable, and check that count every time a coin is 

dropped. 

 

If you remember, we already have a list called "balls in tubes" that tells us how many coins 

each tube has any time. We can just refer to this list each time before calling the "fall" script. 

Each tube sprite (i.e. the base sprite) will thus look as follows: 

 
When sprite clicked: 

If # of coins in my tube is less than 7 

Set X and Y of starting point 

Call "fall" script (send broadcast) 

 

Save as Program Version 2 
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. 

 

How to run the program: 
1. Click the “Green flag” to start the game. 

2. Two users (blue and orange) will play the game by clicking alternately. The variable 

“Turn” shows whose turn it is. 

3. Click the base of the tube in which you want to drop your coin. 

Final Set of Features/ideas: 
We need to implement one important feature of the game: determining the winner. We will 

also add a few more features to make the program more tidy, robust, and user-friendly. Here 

are the things we will consider in this version: 

- Add a welcome screen, help screen and sounds. 

- Add code that will automatically place the pipe bases in a neat row. 

- Detect winner. 

- Detect stalemate (i.e. board becoming full). 

 

Let us get cracking with these ideas and features one by one. 



Feature Idea # 5: Welcome and Help Screens 
Add a welcome screen, a help screen and suitable sounds. 

Design:  
This should be a straightforward task. We will arrange the code such that the welcome screen 

appears when Green Flag is clicked and everything else is hidden at that time. After a short 

time (say 4 seconds) the game screen will appear. 

 

The help screen will be optional – available when some key is pressed. It should go away 

when the mouse pointer is clicked anywhere. 

 

What about sounds? Well, I have added one sound clip which plays every time a coin is 

dropped. 

 

Feature Idea # 6: Placement of bases 
Use a script to automatically place the bases in a neat row. 

Design:  
This is a matter of using the X-Y geometry and the “Go to x, y” command. Since all bases are at 

the same height, the Y position of all will be the same. Now, if you know the width of each 

base and the x position of the first base, can you calculate the x positions of the subsequent 

bases? 

 

Here is the algorithm for these calculations: 

 
 
Do you get the idea? Now, since the sprites only move by themselves, each base will need to 

place itself when the Green Flag is clicked. 

 

Feature Idea # 7: Determine the winner 
The program should detect and declare winner when 4 coins of either color line up contiguously 

vertically, horizontally, or diagonally. 



Design:  
This is the most challenging feature thus far! We need to find a way for the program to see the 

entire board of 8 tubes that can each hold 7 coins max. We will need some data structure that 

can internally represent the "7 rows x 8 columns" matrix of the Connect 4 board.  

 

There is no such data structure in Scratch that can directly represent a 2 dimensional matrix. 

But, we could use a list (which is 1-dimensional) and use it as a 2-D grid. For example, the first 

7 items would represent the 1st row, the next 7 items would represent the 2nd row, and so on. 

 

Data structure:  

List variable “grid” of 56 items: represents grid of 7 rows and 8 columns; initially all 0. 

Rows will be counted bottom-up (i.e. 1st row is the bottom row), and columns will be counted 

left to right as usual. 

 

Every time a coin is dropped in, we will record its presence in this grid: we would know its 

"column" simply from which tube was clicked, and its "row" from the "balls in tube" list. We 

will record the coin by using its color: "orange" or "blue". 

 

The following algorithms show how a list can be used as a 2-D grid. 

 
Algorithm Get Item( row, col ) 

index = (row-1)*8 + col 

Return item at index 

 

Algorithm Set Item( row, col, item ) 

index = (row-1)*8 + col 

Save item at index 

 

Let us now design the algorithms to detect a winner. This is the approach we will use: every 

time a coin is dropped, it will occupy a cell C in "grid". We will then scan cells adjacent to C 

horizontally, vertically, and diagonally to check if there are 4 contiguous cells with the same 

color as C. Since we will run this algorithm every time a coin is dropped, we don't need to scan 

the entire grid, but just the area adjacent to this coin.  

 

Do you get the idea?  

 

Here is the algorithm: 

 
Algorithm "Is There a Winner" 

(Called when a coin is dropped) 

Input: row, column, color 

For the row: 

- count left and right from current position, if 4 contiguous 

coins of 'color' found return True 

For the column: 



- count up and down from current position, if 4 contiguous coins 

of 'color' found return True 

For diagonals: 

- count NW and SE from current position, if 4 contiguous coins of 

'color' found return True 

- count NE and SW from current position, if 4 contiguous coins of 

'color' found return True 

No contiguous pattern found, so return False 

 

Now, here are details of each step of scanning. Note that since the input cell (whose row, col 

are passed) is counted twice, our final condition is "count > 4" 

 
Algorithm Check Winner in Rows( row, col, color ) 

count = 0 

lrow = row 

lcol = col 

Repeat until lcol > 8 or item(lrow, lcol) != color 

 count += 1 

 lcol += 1 

lcol = col 

Repeat until lcol < 1 or item(lrow, lcol) != color 

 count += 1 

 lcol -= 1 

If (count > 4) return True 

 

 

Algorithm Check Winner in Columns( row, col, color ) 

count = 0 

lrow = row 

lcol = col 

Repeat until lrow > 7 or item(lrow, lcol) != color 

 count += 1 

 lrow += 1 

lrow = row 

Repeat until lrow < 1 or item(lrow, lcol) != color 

 count += 1 

 lrow -= 1 

If (count > 4): return True 

 

 

Algorithm Check Winner in NE-SW diagonal ( row, col, color ) 

count = 0 

lrow = row 

lcol = col 

Repeat until lrow > 7 or lcol > 8 or item(lrow, lcol) != color 

 count += 1 

 lrow += 1 

 lcol += 1 

lrow = row 

lcol = col 

Repeat until lrow < 1 or lcol < 1 or item(lrow, lcol) != color 

 count += 1 

 lrow -= 1 

 lcol -= 1 



If (count > 4): return True 

 

 

Algorithm Check Winner in NW-SE diagonal ( row, col, color ) 

count = 0 

lrow = row 

lcol = col 

Repeat until lrow < 1 or lcol > 8 

 if item(lrow, lcol) == color 

  count += 1 

 lrow -= 1 

 lcol += 1 

lrow = row 

lcol = col 

Repeat until lrow > 7 or lcol < 1 

 if item(lrow, lcol) == color 

  count += 1 

 lrow += 1 

 lcol -= 1 

If (count > 4): return True 

Return False 

 

Feature Idea # 8: Detect stalemate 
The program should detect when the entire board becomes full without anyone winning. 

Design:  
Now that we have the "grid" data structure that continuously shows the state of the Connect 4 

board, we can easily detect when the grid becomes full of coins. Basically, we will need to scan 

the entire grid and look for empty cells, i.e. cells containing 0. See the algorithm below: 

 
Algorithm "Is Grid Full" 

For every row of grid 

For every column of grid 

If cell at (row, column) contains 0 

 Return False 

End if 

End for 

End for 

 

We will call this script after checking winner. 

 

Save as the Final Program Version 
Congratulations! You have completed the program with all the features we had planned. Save 

your program as “Connect4-clones.sb2”. 

 

Compare your program with my program below. 

 



File: Connect4-clones.sb2 

How to run the program: 
1. Click the “Green flag” to start the game. 

2. Two users (blue and orange) will play the game by clicking alternately. The variable 

“Turn” shows whose turn it is. 

3. Click the base of the tube in which you want to drop your coin. 

4. Play until one of the players wins. 

 

Advanced version: 
How about playing with the computer? Make the computer play as one of the players. There 

are several ways to do this: one can think of making the computer "intelligent" so that it plays 

like a human. But, for the sake of simplicity, we will make our program play like a "monkey" – 

with little or no intelligence. Even with that approach, as you will see, there are ways to make 

the computer a worthy, if not formidable, opponent. 

 

Feature Idea # 9: Play with the computer 
Make the program play as one of the players. 

 

Step 1: Use the monkey algorithm for the computer player. 

Design:  
We will always start the game with the human player making the first move with the "Orange" 

coin. We will then have the program make the next move with the "Blue" coin. And so on. 

 

"Making the move" for the computer would simply mean dropping the blue coin into one of 

the tubes. We already have the scripts that do all the work. We just need to "mimic" what 

happens when a user clicks on one of the tube bases, which is shown below: 

 
When I am clicked: 

If tube not full: 

tube = which tube 

tubex = my X position 

Ask my coin to fall 

Check if there is a winner 

 

As mentioned above, we will use the "monkey" approach – which means the program will 

pick a tube at random. Once the tube has been decided, rest is a matter of duplicating the 

above actions. How will we get the tube's X position? Under "sensing" there is a reporter that 

gives you any property of any sprite. 

 



Okay, so far so good. This monkey script would not really require a new sprite; we could give 

it to the stage. But how will it be invoked?  

 

As mentioned above, this script should be invoked immediately after the human player has 

played. So, we could have the "When I am clicked" script above send a broadcast message – 

say "monkey turn" – at the end which would invoke the monkey script.  

 

Here is the outline of the monkey script: 

 
When "monkey turn" received: 

Find a tube "t" at random which is not full. 

tube = t 

tubex = X position of sprite "t" 

Ask my coin to fall 

Check if there is a winner 

 

 

Step 2: Make the computer a "worthy" opponent. 

Design: 
You will notice that the monkey approach is quite disappointing because the human player 

can win almost every time with ease. How can we make the game a little more challenging? 

 

Here is one idea. What if we allowed the computer to drop multiple coins at every turn? As it 

turns out, this can make the program a little more interesting because even if the coins are 

dropped randomly, with multiple blue coins there is less opportunity for the human player 

(who only gets to drop one coin) to win easily. 

 

All we need to do then is use a "repeat" loop in the monkey script, and let the user set "how 

many" turns the computer should get. By default, we will set this variable to 2 and display it as 

a slider for the user to change. 

 

There are a couple of small glitches that we need to fix. Currently the "Turn" variable 

determines whose turn it is, and this variable is switched after every coin drop. So the repeat 

loop in the "monkey script" will cause blue and orange coins to be dropped alternately! 

 

This can be fixed easily by explicitly setting the "turn" variable to "Blue" in the monkey script. 

 

The other glitch relates to the event when the game is over: either when someone wins or 

when the board becomes full. In these events, the monkey should stop playing because the 

game is over. But, the way we have written our program currently (see the "When I am 

clicked" script for each tube), the monkey script is called after checking these conditions, which 

means the monkey has no idea the game is over and will drop its coins regardless. 

 



One easy fix is to call "stop all" when the game is over. That way, the monkey would have no 

opportunity to play its mischief. 

 

Here is the final monkey script: 

 
When "monkey turn" received: 

Repeat "monkey coins" times: 

Find a tube "t" at random which is not full. 

Turn = Blue 

tube = t 

tubex = X position of sprite "t" 

Ask my coin to fall 

Check if there is a winner 

 

Save as the Advanced Program Version 
Congratulations! You have completed the program with all the advanced features we had 

planned. Save your program as “Connect4-advanced.sb2”. 

 

Compare your program with my program below. 

 

File: Connect4-advanced.sb2 

 

Link at Scratch website: https://scratch.mit.edu/projects/407926501/   
 

How to run the program: 
1. Click the “Green flag” to start the game. Press "h" to view help. 

2. You (the human player) begin with the "Orange" coin and the computer plays with 

"Blue" coins. The variable “Turn” shows whose turn it is. 

3. Set the slider variable "Monkey coins" to determine how many coins the computer will 

get to drop at every turn. 

4. Click the base of the tube in which you want to drop your coin. 

 

Additional Challenge: 
When a winner is detected, highlight the 4 balls that are lined up contiguously – either by 

changing their color or by making them blink. 

 

 

 

 
Author: Abhay B. Joshi (abjoshi@yahoo.com) 
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