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Worksheet 5.2—Make and use an abacus
	The abacus is a device that uses moveable beads to do mathematical calculations. It is a very simple version of what you are much more familiar with—a calculator. An early form of the abacus was used in ancient China 5000 years ago. This worksheet provides you with instructions for making a very simple abacus and using it to perform some additions. Work in small groups, sharing the tasks.
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Making the abacus

You will need the following:

•
a sturdy shoe box for the outer frame

•
strong cardboard (e.g. corrugated, packing cardboard), about 40 mm thick or a length of balsa wood, to provide the horizontal dividing bar

•
6 bamboo skewers (the thicker variety)
•
42 small beads. The holes in the beads need to be big enough to allow them to be moved on the skewer. But they should not be so big that beads do not hold their position on the skewer when moved.

•
glue and/or tape

•
a pointed tool (e.g. knitting needle) to punch holes in cardboard

•
a safety knife.

Be extremely careful when using the pointed tool and the safety knife.

	Step 1
Arrange the shoe box so the longer side is horizontal when you look at it.
On each vertical end, 10 cm up as you look at it, draw a box 5 cm long and 40 mm deep that starts 7 cm out from the base of the box. Cut out these shapes carefully. These are the slots into which you will push your dividing bar. They need to be measured exactly so they sit in precisely the same spot on each side.
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	Step 2
Cut a length of thick cardboard (or balsa wood) that is 5 cm wide and 5 cm longer than the horizontal length of the shoebox. It needs to be sturdy enough not to bend in the middle when pushed. Mark and highlight pen lines 2.5 mm in from each end. (The length between these highlighted lines should be exactly the same as that of the longer side of the shoebox.)
Divide the length between these two highlighted lines into 7 equal sections. Use a pointed tool to push holes through all dividing lines (mid width) except the two highlighted lines on each end. 
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	Step 3
Mark corresponding holes in the top and bottom sides of the box along a straight line 7 cm out from the base in each case. Use a pen to mark the hole positions so that they correspond exactly with those on the dividing bar.


	Step 4

Carefully push the dividing bar into place so it enters both slots (which you may need to enlarge slightly). Push the skewers through all the holes and adjust if necessary (see the photo on the right). Once everything fits, remove the skewers.
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Step 5

Repeat these steps for each skewer:

•
Push the skewer through the hole in the bottom so that it pokes up a few centimetres. Thread 5 beads onto it.
•
Carefully push it up through the corresponding hole in the centre ‘bar’. When it sticks up a few centimetres above the bar, thread 2 more beads onto it.

•
Push the skewer through the corresponding hole at the top.

Use glue or tape to secure both ends of the centre bar and all skewers (see the photo below).
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Using the abacus

You have built a simple abacus; a real abacus may have up to 13 rows of beads. Work with the abacus lying flat on a table (or similar), a shown above.
The right-hand skewer represents ‘units’. The one to the left of it represents ‘tens’, the next one ‘hundreds’, the next one ‘thousands’, and so on. The only beads that have a numerical value when doing calculations are those pushed up or down on a skewer so they sit around the central bar. All beads below the bar are ‘1’s; all those above are ‘5’s (whether they are 5 units, 5 tens, 5 hundreds, and so on).

•
So, 4 beads pushed up towards the bar on the ‘units’ skewer = 4.

•
One bead pushed down towards the bar on the ‘units’ skewer =  5. 
•
Once there are 5 beads pushed up on the skewer—whether they are units, tens, hundreds, etc.—they are pushed back and replaced with 1 bead pushed down from the top.)

•
Once there are 2 beads pushed down from the top on a skewer, they are pushed back and replaced with 1 bead pushed up on the next skewer along. For example, 2 beads at the top of the ‘tens’ skewer (2 x 50 = 100) would be replaced with 1 bead pushed up from the bottom on the ‘hundreds’ skewer.
•
Here’s an example: 2 beads pushed up towards the bar on the ‘tens’ skewer, and 1 bead pushed down and 3 beads pushed up on the ‘units’ skewer = 28.
	On the right is the number 2795. Can you see how it is formed? There are 2 beads on the ‘thousands’ skewer, 1 ‘five’ and 2 ‘units’ beads on the hundreds bar [making 500 + (2 x 100) = 700], 1 ‘five’ and 4 ‘units’ on the ‘tens’ bar [making 50 + (4 x 10) = 90] and 1 ‘five’ on the units bar.
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	Adding numbers
Set up the first number on the abacus, say 356, as shown on the left.
You want to add 112. (This number is made up of 1 x 100, 1 x 10 and 2 x 1.)

Push 2 more beads up to the ‘units skewer (2).

Push 1 more bead up on the ‘tens’ skewer (10) and push 1 more bead up on the ‘hundreds’ skewer (100).




	The result is shown on the right. Count the value of beads around the dividing bar. Yes, the answer is 468!
	[image: image9.jpg]





What if you want to add 182 to 356? [The number 182 is made up of  1 x 100, (1 x 50 + 3 x 10) and 2 x 1.] First, re-set your abacus for 356.
•
Push 2 more beads up the units skewer (2).

•
Push 1 more bead down and 3 more beads up on the ‘tens’ skewer.

•
Push 1 more bead up on the ‘hundreds’ skewer (100).

	You now have:

•
4 beads on the ‘hundreds’ skewer (4 x 100 = 400)

•
2 beads above on the ‘tens’ skewer (2 x 50 = 100), which you will push back and replace with 1 bead pushed up on the ‘hundreds’ skewer, and 3 beads below on the ‘tens’ skewer (3 x 10 = 30)

•
1 bead above on the ‘units’ skewer and 3 below (5 + 3 = 8).

Now count your beads. The answer is 538 (as shown on the right).
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	This time you will add 369 and 255. First, make sure you correctly set up 369 in your abacus, as shown in the picture on the left.


The number 255 is made up of 2 x 100, 1 x 50, and 1 x 5. So:

•
Push down 1 more bead on the units skewer (5). Both top beads are now pushed down on this skewer. Push these back and replace them with 1 bead pushed up from below on the ‘tens’ skewer.

•
Push down 1 more bead on the ‘tens’ skewer. Both top beads are now pushed down on this skewer. Push these back and replace them with 1 bead pushed up from below on the ‘hundreds’ skewer.

•
You now have only to add 200. Push up 1 one more bead on the ‘hundreds’ skewer to add to the first 100. You now have all 5 beads pushed up from below on this skewer. Push these back and replace with 1 bead pushed down from the top on the ‘hundreds’ skewer. 

•
Now add your second hundred by pushing up 1 more bead from below on the ‘hundreds’ skewer. Now read your beads. The total is 600 (1 x 500 + 1 x 100) + 20 (2 x 10) + 4 (4 x 1) = 624 (as shown below).
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Experiment as much as you like within your group, testing each other. Later, you might like to build a larger, sturdier abacus and find out how to do other calculations (such as subtraction and multiplication) on the abacus.
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