
Poisonous Chocolate – Answer Guide 

Professor Stuart White 

 

Poisonous Chocolate 

This is a game where two players share a bar of chocolate. But there’s a twist – one of the pieces of 

chocolate is poisoned!  

The chocolate bar is a rectangle (or a square) with m rows and n columns of chocolate squares and 

both players know where the poisoned piece is when the game starts. 

 

The players take it in turns to break the chocolate either vertically or horizontally into two pieces 

and eat the safe side, until the only piece left is the poisoned square. The loser is the player whose 

turn it is to go when there’s only the poisoned square left. 

 

Consider an example of a 2 x 2 bar of chocolate with the poisoned square in the top left. Then the 

first player will lose, no matter whether they cut horizontally or vertically. Can you see this? 

Question 1: 

Suppose the poisoned square is in the corner of an m times n bar of chocolate. Do you want to go 

first or second? Why? 
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Answer: 

It depends on the shape. If the chocolate is square (m=n), the first player will lose, so we should go 

second. The reason is that if the first player cuts off k rows vertically then we can cut off k rows 

horizontally so that the poisoned piece is still in the corner of a smaller square. If the first player cuts 

off k rows horizontally, then we can do the same vertically, and again leave the poisoned piece in the 

corner of a smaller square. We carry on like this until we get left with just the poisoned piece, and 

that will happen on the first players turn. 

If the chocolate is a rectangle but not a square (m ≠ n), then we should go first. We can cut off the 

excess rows in order to make a square with the poisoned piece in the corner, and it’s now the other 

players turn! So we win.  

 

Question 2:  

Now suppose you have a 3 by 5 bar of chocolate with the poisoned piece as shown (2nd from left in 

top row). Do you want to go first or second here? Why? What happens if you have a 3 x n bar of 

chocolate with the poisoned piece in the same 2nd from the left entry for n>5? 

 

Answer 2: 

We want to go second. If the first player removes the bottom row, we can make a horizontal cut to 

leave them a 2 x 2 square. If the first player removes the bottom two rows, we can leave them the 

middle of a 1 x 3 piece. If they remove the left column or the right most column, then we can leave 

them the corner of a 3 x 3 square. If they remove all the right colums we can leave them a 2 x 2 

square, and finally if they remove the right two columns we can leave them the middle of a 1 x 3 

piece. In all cases we win. 

For the last part, the first player wins, by removing a suitable number columns from the right to leave 

the situation in the previous paragraph. 
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Question 3:  

Suppose we have an m x n bar of chocolate with the poisoned piece in the 2nd from left in the top 

row with m >3 and n = m+2. Who wins here, and why? 

Further experimenting: How would you decide what happens in general? To explore this game you 

might want to record the number of possible cuts in each direction.  So in question 2 when the 

poisoned piece is in the 2nd from the left in the top row we would have the numbers (0,1,2,3): there 

are 0 possible cuts above the poisoned piece, 1 cut to the left, 2 below, and 3 to the right.  We can 

then view the game as starting with these numbers and each player takes it in turn to reduce any 

one of these numbers by as much as they like, and the winner is the player who leaves (0,0,0,0).   

You might want to try and work out what happens for the poisoned piece in the 2nd from left entry in 

the top row and a general m x n grid, using this numbers format. Do you spot a pattern if you write 

all the numbers in a binary expansion. 

Answer: 

We want to go second. If the first player removes the left column or if the first player removes all the 

right columns, then in both cases we can leave them a corner in a square, and so we win. 

Otherwise if the first player removes columns from the right, we remove the same number of vertical 

rows, and we leave the first player either with the middle of a 1 x 3 (in which case we win) or a 

smaller r x s block with s = r+2 and the poisoned square in the 2nd entry in the top row. So we can 

carry on playing as above, and eventually we end up leaving the first player the corner of a square, or 

the middle of a 1 x 3 block, and so we win. 

The argument being used here (and in Q1) is by `mathematical induction’. 


