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Puzzles / In Class Activities

Topics Covered: Error detection using parity checks

Game 1: The Matrix Trick (2D Parity Check)

This is an amazing classroom game where you can pretend to "read minds" using error detection. It teaches students how Two-Dimensional Parity can not only detect an error but also correct it.

Classroom Setup

Divide the class into two teams: The Transmitters and The Receivers.

On a whiteboard, draw a $4 \times 4$ grid of blocks. Fill it with a simple binary message (1s and 0s).

Have The Transmitters calculate an Even Parity bit for every row and every column to create a 5th row and a 5th column.

The Puzzle Challenge

Here is the grid with its parity bits calculated. The Transmitters send this grid, but a sneaky piece of "Static Noise" changes exactly one number while the receiver isn't looking.

Can The Receivers find the exact location of the corrupted bit and fix it?

The Solution

To solve the puzzle, the Receivers must count the number of 1s in every row and column to find where the Even Parity rule is broken:

Check the Rows:
Row 1: 1, 0, 1, 0 $\rightarrow$ Two 1s. Parity bit is 0. Total = 2 (Even $\checkmark$)

Row 2: 0, 1, 1, 1 $\rightarrow$ Three 1s. Parity bit is 1. Total = 4 (Even $\checkmark$)

Row 3: 1, 1, 1, 0 $\rightarrow$ Three 1s. Parity bit is 0. Total = 3 (ODD! ❌ Error found in Row 3)
Row 4: 0, 0, 0, 1 $\rightarrow$ One 1. Parity bit is 1. Total = 2 (Even $\checkmark$)

Check the Columns:
Column 1: 1, 0, 1, 0 $\rightarrow$ Two 1s. Parity bit is 0. Total = 2 (Even $\checkmark$)

Column 2: 0, 1, 1, 0 $\rightarrow$ Two 1s. Parity bit is 1. Total = 3 (ODD! ❌ Error found in Column 2)
Column 3: 1, 1, 1, 0 $\rightarrow$ Three 1s. Parity bit is 1. Total = 4 (Even $\checkmark$)

Column 4: 0, 1, 0, 1 $\rightarrow$ Two 1s. Parity bit is 0. Total = 2 (Even $\checkmark$)

The Intersection: The error is exactly at the intersection of Row 3, Column 2.

The number currently there is a 1.

To fix the transmission, change it back to a 0!

Game 2: The Sneaky Spy (The Parity Blind Spot)

This game teaches students the critical vulnerability of simple parity checks: it is completely blinded if an even number of bits flip at the same time.
Classroom Setup

The teacher plays the role of a Hacker.

The class plays the role of Cybersecurity Officers monitoring a network.

The network uses a simple Odd Parity Check (meaning the total number of 1s in any accepted 8-bit block must be odd).

The Puzzle Challenge

The system receives three separate 8-bit code blocks from a financial server. The Hacker has intercepted the lines and altered some data.

Your Task: Look at the arriving strings. Which of these streams will pass right through the security system undetected, even though the hacker corrupted the data?

Data Packet A: 1 1 0 0 1 0 1 1
Data Packet B: 1 0 1 1 0 0 0 1
Data Packet C: 0 0 1 1 1 0 0 0
The Solution

Let's count the 1s in each packet according to our Odd Parity Rule:

Packet A: Contains five 1s. Five is an odd number. The system looks at it, says "Looks good!", and ACCEPTS it.

Packet B: Contains four 1s. Four is an even number. The system screams "Error detected!" and REJECTS it.

Packet C: Contains three 1s. Three is an odd number. The system says "Looks good!", and ACCEPTS it.

The Twist (The Reveal)

The teacher reveals what the hacker did behind the scenes:

In Packet A: The hacker flipped two bits at the same time (a 0 became a 1, and a 1 became a 0). Because an even number of errors occurred, the count stayed odd! The system was fooled.
In Packet B: The hacker flipped only one bit. The parity check caught it easily.

In Packet C: The hacker didn't touch this packet at all; it was genuine data.

The Winner: Packet A is the sneaky spy packet! It successfully bypassed the parity check despite being completely corrupted by the hacker. This beautifully demonstrates to the class why modern computers have to use more advanced checks than just a single parity bit.


