Everyday Codes

	Barcodes
	ISBNs
	Morse


Most grocery products include an identifying barcode.  This idea was first used in America in 1973 and was adapted to form the European Article Number (EAN) in 1974.  There are two versions of EAN – 13-digit and 8-digit, but we will deal with the 8-digit version.  Examples can be found on the ‘code3’ PowerPoint.  

The 8-digit version is used by larger retailers to label their own products, and has three parts as shown.

	45
	79554
	1

	
	
	

	
	
	

	identifies retailer
	identifies product
	check digit


You may have noticed that if a barcode reader fails, the number is typed into the till as an alternative.  How does the computer (till) know if an error has been made?  This is why there is a check digit.  The computer performs a simple algorithm as follows:

3 × (1st + 3rd + 5th + 7th digit) + (2nd + 4th + 6th + 8th digit)

If the answer is divisible by ten, then the number is a valid EAN.  Once the identifying codes for retailer and product are chosen, the check digit is chosen so that the result is a multiple of ten.  Therefore, in the event of an error in entering the number, there is a 90% chance that the computer will return an error, otherwise – theoretically – it will return the incorrect item, which, with any luck, the checkout assistant will notice.  That said I was once charged for apples when I bought toothpaste.

Lesson 1

Aim:  Find the check digit for an eight-digit barcode

As a starter you can perform a little barcode magic.  Now that you know the rule, you can get pupils to find an 8-digit barcode number (search pencil cases and lunchboxes), but just tell you the first 7 digits.  Work out the check digit to a chorus of approving applause!

Explain everything above, using the whole of the ‘barcode’ PowerPoint if you want to. Then do the ‘barcode’ worksheet.

Answers

1.
Valid (40), Valid (60), Invalid (62)

2.
4, 1, 8

3.
A different rule is needed, though I don’t know what it is!

ISBNs (International Standard Book Numbers) are even better!  Every book in the world has a unique 10-digit ISBN – the book ‘Why Do Buses Come In Threes?’ has an ISBN

1-86105-162-X

In the case of ISBNs the code has four parts

	1
	86105
	162
	X

	
	
	
	

	
	
	
	

	identifies country
	identifies publisher
	identifies title
	check digit


However the rule for deciding on the check digit is a little more complicated.

	1
	8
	6
	1
	0
	5
	1
	6
	2
	X

	10
	9
	8
	7
	6
	5
	4
	3
	2
	1

	10
	72
	48
	7
	0
	25
	4
	18
	4
	X


Each number in the ISBN is multiplied by the numbers from 10 to 1 as shown in the table.  The total of the results is found, and the answer must be a multiple of 11 for the ISBN to be valid.  So far I have neglected to mention the fact that the last number is an X, but now it should become clear.  The largest number that needs to be added in order to make a number a multiple of 11, is 10.  But this would make the ISBN have eleven digits.  Therefore an X is used (as in Roman numerals) to represent 10.  The total of the numbers in this example is 198 (11×18).  In class it is better to start with an example that has a numerical last character!

Lesson 2

Aim:  Find the check digit for any ISBN

Start with ISBN magic this time, getting pupils to give you the first nine digits and working out the check digit.  There will always be one that finds he has an X at the end, and usually they will give this away with their reaction.  Choose them at some point because it leads into an interesting discussion!  If you show snippets of your working on the board, you can get pupils to try and work out what you are doing.

Explain everything above (no PowerPoint this time – it is easier to find examples as most pupils will have a book of some kind with them) and do the ‘ISBN’ worksheet.

Answers

1.
2, 3, X, 8, 8
2.
9, 7, 5, 3, 1, X.  The ninth digit is going up by one each time.  In the algorithm this number is multiplied by 2, therefore increasing the total by 2.  This means that to get the next multiple of 11 the check digit follows a pattern of ‘-2’

3.
The total comes to 170.  Possible numbers that have just one digit different to the incorrect number are’ 0 - 7135 - 1275 - 5’ and ‘0 - 7136 - 1275 - 5’.
Lesson 3 – a choice!

Aim:  Construct a computer program to find the check digit of any barcode / ISBN

or

Aim:  Investigate Morse code

Construct a computer program to find the check digit of any barcode / ISBN

The higher ability groups will probably enjoy a discussion that leads to the creation of an Excel spreadsheet that will work out the check digit for any ISBN.  Actually, the barcode EAN algorithm is easier, but I have already tried this one in the classroom as getting the ‘X’ to display was a nice twist at the end.  It is necessary to lead the discussion fairly confidently if the whole class are to be involved whilst using your projector, but if you can get in the computer room it would probably be easier.  One correct possibility uses the formulae below, though there are other ways.  There are only two cells that require anything other than the basic operations.  You need to know…

INT:  This finds the integer part of a number (the second table shows the result)

IF:  If the condition specified (here F5<10) is met, then the cell displays the second bit in brackets (here, the contents of F5).  If not, then the third bit in brackets will be displayed (here, X, which must be in speech marks)

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 =IF(F5<10,F5,"X")

	10
	9
	8
	7
	6
	5
	4
	3
	2
	1

	 =A2*A1
	 =B2*B1
	 =C2*C1
	 =D2*D1
	 =E2*E1
	 =F2*F1
	 =G2*G1
	 =H2*H1
	 =I2*I1
	

	
	
	
	
	
	
	
	
	
	

	 =SUM(A3:I3)
	 =A5/11
	 =INT(B5)
	 =C5*11
	 =A5-D5
	 =11-E5
	
	
	
	


	0
	6
	7
	0
	8
	8
	2
	7
	8
	X

	10
	9
	8
	7
	6
	5
	4
	3
	2
	1

	0
	54
	56
	0
	48
	40
	8
	21
	16
	

	
	
	
	
	
	
	
	
	
	

	243
	22.091
	22
	242
	1
	10
	
	
	
	


Just type in the first nine digits into the shaded cells, and the check digit appears.  It is not as complicated as it looks!  Give it a go – the pupils really enjoy it, and it is great to test it when you have finished.  The same principle can be used for the barcode EAN check digit finder.  This is easier as you do not need the ‘IF’ formula at all.

Investigate Morse code

See www.intermep.org
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